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           (e) serious = When there is a heavy deposit of salts 
accompanied by powdering and/or flaking of the 
surfaces and tending to increase with repeated 
wettings of the specimen. 

 

          (b) Field Test for Efflorescence:- Five bricks shall be 
selected at random from the sample of bricks obtained as already 
described. 

 

Each brick shall be placed on end in a shallow dish 
containing clean potable water. The quantity of water in the dish 
shall be such that the brick is immersed to a depth of not less than 
2.5 cm, (1 inch). The brick shall be allowed to stand in this position 
for a few days under atmospheric conditions and room temperature 
until all the water in the dish is evaporated. When the water has 
been absorbed and the bricks appear to be dry, a similar quantity of 
clean potable water shall be placed in the dishes and the same 
allowed to evaporate as before. At the end of this period, the bricks 
shall be examined for efflorescence. 

Procedure. 

          The liability to efflorescence be reported as nil, slight, 
moderate, heavy or serious in accordance with the definition given 
above. 

Report. 

IV. TEST FOR DETERMINATION OF COMPRESSIVE STENGTH 
OF BRICKS 

 

 Five whole bricks shall be selected at random from the 
sample of bricks obtained as described above. 

The bricks shall be immersed in water at 25o to 29oC for 24 
hours. They shall then be removed and allowed to drain at room 
temperature for about five minutes and wiped free from surplus 
moisture. Their frogs and shall be filled with mortar composed of one 
part Portland cement and one and a half parts clean, coarse sand 
graded to 0.3 cm. (1/8 inch) and down. The bricks expiry of this 
period, they shall be immersed in water for seven days. 

Procedure. 

At the end of seven days, the samples of bricks shall be 
taken out, wiped dry and placed with the flat surfaces horizontal and 
the mortar filled face upwards between 2 three-plywood sheets each 
approximately 0.3 cm. (1/8 inch) thick and a carefully centred 
between the plates of the compression testing machine. The 
compression plate of the testing machine shall have a ball-seating in 
the form of a portion of a sphere, the centre of which coincides with 
the centre of the face the plate. The plate shall be applied axially at 
the uniform rate of approximately 140 kg. per sq. cm. per minute 
until failure occurs. 

The maximum load at failure divided by the area of bricks 
shall be taken as the compressive strength. 

Procedure. 
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Evaluation and 
report of test. 

The arithmetic mean of the compressive strength of the five 
bricks tested shall be taken as the compressive strength of the lot. 

The compressive strength of the bricks shall be expressed in 
kg. per sq.cm.  
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APPENDIX No. VI  

STORING OF TIMBER  

The recommended practice for storing timber as given in 
appendix of IS 883 – 1957 is reproduced below:- 

A – 1.  All timber shall be piled into stacks upon well treated and 
even surfaced beams, sleepers or brick pillars so as to be 
above the ground level by at least 6 inches (18 cm.). The 
various members shall be stored into lengths and material 
of equal lengths shall be piled together in layers with 
wooden battens, called ‘crossers’ separating one layer 
from another. The crossers shall be of sound wood, 
straight and uniform in thickness. In cases where separate 
crossers are not available, smaller sections of the 
available structural timber may be employed in their place. 
In any layer an air space about 1.0 in. (2.5 cm.) shall be 
provided between layers and the shorter pieces in the top 
layers but one end of the stack shall be in a true vertical 
plane. The crossers in the different layers shall be in a 
vertical alignment. The most suitable width and height of a 
stack are recommended to be about 6.0 ft. (1.8 m.) and 
7.0 ft. (2.1 m). Distance between adjacent stacks is 
recommended to be at least 12 in. (30 cm.). A side view of 
such a stack is shown in the figure below. In case the 
stacking with the help of battens is not possible, the 
timber may be close-piled in heaps on raised foundations 
with the precautions specified above. 

 

 

 

 

 

 

 

 

 

 

TIMBER STACK FIG. 
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 A – 2.  The stack shall be protected from hot dry winds of direct 

sun and rain. A sloping roof made of rejected planks may 
be used to drain off the rain water. Decayed or insect 
attacked planks should not be used. Heavy weights, such 
as metal rails or large sections of wood are recommended 
to be placed on the top of the stack to prevent distortion or 
warping of the timber in the stack. To prevent end-cracking 
in the material, the ends of all members shall be coated 
with thick coat of tar or other suitable material. 
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APPENDIX No. VII  

Physical Requirements and tests of stone metal and Grit for Road work   

Serial 
No. Nature of Test Test Values Remarks  

1 Attrition-Los Angeles 
Rattler-Test 

Wear not more than 
40% 

For details, consult 
I.R.C. paper NO. 117 
and Appendix (N) of 
I.S. 383 

 

2 Water absorption 0.6 percent by weight 
maximum 

For details, consult 
I.R.C. paper No. 117 
and I.S. 1124 

 

3 Crushing-Aggregate 
strength crushing test. 

Percentage of fines to 
be less than 40. 

For details consult 
I.R.C. paper No. 117 
and Appendix (G) of 
I.S. 383 
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 APPENDIX No. IX 

 COMPACTION AND PENETRATION RESISTANCE TEST 

           1.  General:-  Unless otherwise specified or an alternative test 
ordered, this laboratory test shall carried out to determine the relation-
ships between the moisture content of a soil and the resulting densities 
and firmness which are achieved after the soil has been compacted by 
the procedure described. 

           2.  Definitions:-  The criteria defined below shall be used to 
evaluate the results of this test:- 

(a) The greatest dry weight, in pounds per cubic foot, obtained by 
the standard compaction test procedure is called the 
maximum standard dry density. 

(b) The optimum moisture is the moisture content of the soil at 
maximum standard dry density. 

(c) The firmness of the soil is expressed in pounds per square 
inch and is called the penetration resistance of the soil. 

(d) Compactive effort is measured by the number of blows per 
layer and the height of fall of the tamping rod. 

           3.  Equipment required:-  The following equipment is required for 
the standard compaction test:- 

1. Drying oven.  

1. Large drying pan. 

1. laboratory compaction cylinder. 

1. tamping rod (5.5 pounds) and gauge. 

3. Mixing pan 

1. Hand scoop. 

1. Small hand scoop. 

1. Penetration resistance tester. 

1. Set penetration resistance tester needles. 

1. Striking paddle. 

1. mixing rake. 

1. Portable platform scales, 250 – pound capacity, graduated 
in 0.01 pounds. 
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2. Porcelain evaporating dishes, 300 –ml. capacity. 

1. Evaporating dish holder. 

3. Glass graduates, one each of 1,000, 500 and 100 ml. 
capacity 

3.  30-pound cans with handles and lids. 

1.  Rubber hammer. 

1.  Laboratory balance, 2,000 gram capacity, sensitive to 
0.05 grams. 

1.   Curved handle, wire bristle brush. 

 1.   Dusting brush. 

 1.   Large knife. 

 

4.  Compactive Cylinder and pentrometer:-  The standard 
compaction cylinder and the tamping rod and gauge are shown in 
Figs. on pages 798 and 800. 

The volume of compaction cylinder is 0.05 cubic foot. 

The penetration resistance tester is shown in Fig. on page 
799. usually a set of six needles are provided with the tester. The 
number and areas in square inches of these needles are No. 0 = 
1/40, No. 1 – 1/20, No. 2 = 1/10, No. 3 = ¼, No. 4 = ½ and No. 5 = 
1.0.  

 

          5.  Procedure:- A representative specimen of approximately 
30 pounds of material, screened through I.S. Sieve No. 480 (U.S. 
Standard Sieve No. 4) is required for the test. By reprocessing the 
compacted material the test can be performed on a specimen 
weighing about 15s pounds. However, this procedure shall not be 
adopted if the soil friable and the particles get crushed or are broken 
off during the test. Test data should be recorded in standard form 
shown in table:- 

(a) Place the sample in the large drying tray. Moisten and 
mix the sample thoroughly and store in an air-tight 
container to permit moisture to permeate and spread 
uniformly through out the soil. Sufficient water should be 
added to cause the soil to adhere or ball together, slightly 
when squeezed firmly in the palm of hand. This moisture 
content is usually less than the optimum moisture. It may 
not be necessary to store moist material or soils which 
readily absorb moisture. 
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          (B)    Weigh and record the weight of laboratory compaction 
cylinder (cylinder only). 

(c) Attach the 6 inch high cylinder with the collar to base plate. 
The base plate should be securely fastened to a work table. 

(d) Place approximately 7 points of the moist soil sample into a 
mixing, pan, mix, and place a sufficient amount in 
compaction cylinder to yield approximately 2-inch 
compacted layer. 

(e) Place the tamping rod in the gauge, and. compact the 
material in the mould with 25 blows, using an 18-inch drop. 
The blows should be evenly distributed over the area of 
cylinder. 

(f) Repeat process (e), for the second and third layers. The 
third and last layer should extend slightly above the top of 
the cylinder to allow for trimming to top of sample. 

(g) Remove the colla from the cylinder and carefully trun the 
excess portion of the compacted material to the exact level 
of the top of the cylinder. 

 

STANDARD COMPACTION  AND PENETRATION 

RESISTANCE TEST 

 

1. Sample No 

2. Compacted by 

3. Degree of compaction 

4. Date 

5. Recorded by 

6. Vol. of cylinder 

 

Test No. 1 2 3 4 5  

DENSITY DETERMINATIONS 

Water added                               .. CC 

---  --- --- --- ---  

Wt. cyl. and wet earth        .. lbs. ---  --- --- --- ---  

Wt. of cylinder           .. lbs. ---  --- --- --- ---  

Wt. of density                     .. lbs./cu.ft. ---  --- --- --- ---  

Needle No.                         .. ---  --- --- --- ---  

Area of needle                   .. Sq. inch ---  --- --- --- ---  

Average reading                .. lbs. ---  --- --- --- ---  

Penetration resistance   .. lbs./sq.inch --- --- --- --- --  
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 MOISTURE DETERMINATIONS 

 Dish No.                             .. --- --- --- --- --- 

 Wt. dish and Wet soil   .. gms. --- --- --- --- --- 

 Wt. dish and dry soil    .. gms. --- --- --- --- --- 

 Wt. of dish                   .. gms. --- --- --- --- --- 

 Wt. of water                 .. gms. --- --- --- --- --- 

 Wt. of dry soil              .. gms. --- --- --- --- --- 

 Moisture content % dry wt.   .. --- --- --- --- --- 

 Dry Density            .. lbs. / cut. --- --- --- --- --- 

 1. Computed by 3. Checked by:                             4. Date 

 2. General remarks about soil & test 

 (h)    Remove the cylinder along with the compacted Sample from 
base plate, weigh, and record weight. 

(i) Place the cylinder with contained sample on the workable or 
floor and carry out the penetration resistance test. This test is 
made by forcing the penetration resistance needle into the 
compacted soil at a rate of approximately half an inch per 
second. 

The following precautions should be taken when obtaining a needle 
reading:- 

(1) Place indicator clip against barrel cap. 

(2) The test should be started by grasping the penetrometer 
barrel and pushing the needle about half an inch into the 
compacted specimen.  The penetrometer should then be 
held by the handle, and the needle pushed into the specimen 
an additional 2.5 inches at a rate of half an inch per second. 

(3) When the compacted sample contains hard sections or layers, 
the needle will not penetrate at a uniform rate. The force 
applied to the penetrometer builds up until the needle `breaks 
through'. When such a condition is realized, the reading 
obtained should be disregarded and another penetration 
resistance test performed. When the needle reaches the hard 
section the pressure on the handle should be released and the 
needle forced through the hard layer by grasping the 
penetrometer barrel. Then the  test should be continued by 
using the penetrometer in the normal manner. 
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(4) When the needle has penetrated the specimen at a 
uniform rate to a depth of approximately 3 inches, the 
reading on the plunger shaft is observed. The average 
of three or more such reading, and the number and 
area of the needle should be recorded. 

(j) Remove the compacted specimen frorn the cylinder 
and take a sample from the centre of the specimen for 
moisture content determination.  

(k) The above-mentioned steps include the procedure for 
one of a minimum of five trails using a new batch of soil 
for determining the density and penetration resistance 
curves for a single soil sample. All the remaining four 
trials are performed exactly as the first with the 
exception that the moisture content for each trial is 
successively increased over the proceeding trial until 
the wet weight of the sample decreases.  This is a 
definite indication that the maximum standard dry 
density has been exceeded. 

6.  Computations and graphical plotting:-  After the moisture 
content determinations for each trial, the dry density for all cases is 
computed as the wet density divided by (1+ moisture content 
expressed as a decimal fraction). The wet density is the weight of wet 
earth divided by the volume of the cylinder in cubic feet. The 
penetration resistance is the quotient of the average reading divided 
by the area of the needle. 

Data from compaction and penetration resistance tests are 
plotted in a set of two curves depicting the relationships between 
moisture content and dry density, and moisture content and 
penetration resistance, respectively. Dry density and penetration 
resistance are plotted as ordinate values with the per cent moisture 
content plotted as abscissa values for both curves. Moisture content 
is expressed as a percentage of dry weight, dry density expressed in 
pounds per cubic foot, and the penetration resistance is given in 
pounds per square inch. The peak value of the density curve and the 
corresponding moisture content are designated as maximum standard 
density and optimum moisture content, respectively. 
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 APPENDIX No. X 

 FIELD DENSITY TEST 

 1. General:-  Field density tests shall be carried out on 
compacted or rolled earth embankments, where and when directed. 
Where field laboratory facilities permit, comparison should be made 
between the field density, penetration resistance, and moisture content; 
and the maximum density, penetration resistance, and optimum 
moisture content of the material compacted by a standard method. 

 2.  Equipment:-   The following equipment is required for 
carrying out a field density test - 

1  Ore shovel. 

1  8-inch diameter posthole auger. 

2  5-gallon capacity air tight cans, one for calibrated sand and 
one to bring back sample. 

1  5-gallon capacity can or pail, for salvaging used sand. 

1  garden trowel. 

50  pounds of coarse uniform-grain-size sand, (Pathankot sand), 
pre-weighed. 

1  set of penetration -resistance tester stock and needles. 

1  18-inches long straight edges board. 

1  small 4-ounce can or scoop. 

 3.  Procedure:-    

(a) Remove loose surface soil from an area approximately 18 - 
inches square till the compacted soil layer is reached. 
Smoothen and plane the compacted soil surface with the 
straight edge board.  

(b) Take penetration - resistance needle readings in the centre of 
the cleared patch and record the average of three or four 
readings. These readings will be in pounds per square inch 
and should be recorded as needle readings (top).  

(c) Dig a hole  in the  centre  of  the  area  with  a  garden  trowel, 
finishing  it  to  a  depth  of  about  6  inches  using  an  8 inch 
auger. If the   soil  contains  much  rock  or pebbles to use  
the auger, the hole  should  be  excavated by hand. The 
finished hole   should   be  clean, smooth and free  of   loose  
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     material. While digging the hole care should be taken to 
avoid stepping too close to it. To avoid this, boards should 
be placed around the test on which the operator can stand 
during the test. 

(d) After removal of the first 6 inches of soil, take penetrometer 
needle readings again and record the average of three or 
four readings as needle reading (bottom). 

(e) Complete the excavation of the hole to a depth of from 12 
to 14 inches removing the soil very carefully. All the 
material removed from the hole should be placed in an 
airtight container for laboratory testing. 

(f) Measure the volume of the hole by filling it with dry, 
calibrated standard Pathankot sand poured from a 
container which has previously been weighed. Use the 
straight-edged board to ensure that just enough sand is 
poured to completely fill the hole. The sand should be 
poured into the hole in the same manner as was employed 
while pouring the sand in to a container of known volume 
to calibrate its density in the laboratory. It is suggested that 
the same person whole calibrated the sand should pour it 
into the hole in field. 

(g) Replace the cover on the container with the unused sand 
and remove it to the laboratory for weighting. Remove the 
sand from the hole, place it in a pail or can, can take it to 
the laboratory where as much of it as possible should be 
salvaged for reuse, by screening. The density of the sand 
should be checked frequently by pouring it into a container 
of known volume and weighing. 

(h) Before leaving the site of work all necessary information 
such as test number, location, source of material, number 
of roller passes, etc., should be recorded. 

(i) In the laboratory determine the weight of soil removal from 
the hole and of the sand used in refilling it. The volume of 
the hole can be determined by dividing the weight of sand 
used by its density. The wet density of the soil removed 
equals the wet weight of soil divided by the volume of the 
hole. 

(j) Laboratory comparisons of dry densities and moisture 
contents should be made only in materials passing I.S. 
Sieve no. 480 (U.S. Standard Sieve no. 4) or the ‘earth’ 
fraction. Immediately after the material has been screened 
through 
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       this sieve, take a 500 gram sample of the material screened 
through, for determination of moisture contend by evaporation. 
Place remainder of this screened fraction in an airtight can to 
avoid loss of moisture by evaporation until it is needed. 

 (k) For ‘record’ field density tests and for representative tests the 
moisture content, volume, dry weight, and specific gravity of ‘rock’ 
or the fraction left on I.S. Sieve no. 480 (U.S. Standard Sieve 
No.4) should be also be determined. These properties if fraction 
retained on I.S. Sieve No. 480 (U.S. Sieve No. 4) or rock, may be 
adopted for all other tests if the general characteristics of this 
fraction remain unaltered. 

(l) Knowing the volume end weight of rock retained on I.S. Sieve No. 
480 (U.S. Standard Sieve No. 4) compute the wet density of earth 
alone, and then calculate the dry density of earth using the 
moisture content determination of earth, mentioned in step (j). 

                                               Moist weight of earth 

Wet density of earth = ------------------------------------------------ 

                                      Volume of hole – Volume of rock 

 

                                           Wet density of earth 

Dry density of earth = ------------------------------------------------- 

                                   Weight of sand and container + Moisture                           
                                    content of earth 

(l) compact the fraction passing I.S. Sieve No. 480 (U.S. Standard 
Sieve NO. 4) by standard method of laboratory compaction 
(Appendix IX) at full moisture, at least at two other moisture 
contents so as to obtain a moisture density curve that will indicate 
optimum moisture content and maximum density. Take 
penetration-resistance needle reading in each compaction 
cylinder and plot the needle reading moisture content relation. 
This curve should be used to check the needle reading moisture 
content relation required for the needle-moisture test described in 
Appendix XI. 
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APPENDIX No. XI  

NEEDLE-MOISTURE AND NEEDLE-DENSITY TESTS  

1. General:-  During earthwork construction it is necessary to 
have a rapid method of determining whether the desired moisture 
content exists in the soil prior to rolling, and also for determining 
sufficiency of compaction. With the aid of needle-moisture test it is 
possible to ascertain in the borrow pit or on the embankment 
whether the earth materials are too wet, too dry or at the proper 
moisture content. It is also checked with field density tests from time 
to time.  

The needle-density test checks the degree of compaction by 
comparing the penetration-resistance needle reading in the 
compacted fill with the needle reading of the same material when 
compacted at fill moisture content in the cylinder by standard 
method of compaction. Needle-density tests should be made 
immediately after an area has been rolled and at such intervals over 
the area that will be representative. It is suggested that these tests 
be made at approximately 100 feet centers, including all locations 
where needle-moisture tests have previously been made.  

 

2. Equipment required:-  The following equipment is 
required for these tests:- 

1. Heavy duty screen, 22 inch x 35 inch, U.S. Standard 
Sieve no. 4 (I.S. Sieve no. 480) openings. 

1. Standard compaction cylinder with 5.5 lbs. tamping rod 
and guage. 

1. Standard penetration-resistance tester and needles. 

1  Ore shovel. 

1  Field note book. 

3. Procedure for needle-moisture test.- 

(a) Select a representative sample weighing about 25 to 30 
pounds, from the spread layer before rolling or from 
the face of excavation in borrow pit. Remove the rock 
fraction from the sample by screening the material 
through I.S. Sieve no. 480 (U. S. Sieve no. 4), screen, 
the screenings being collected on a cleared and 
smoothened spot.  

(b) Place  enough  of  the  screened  sample  into  a 
compaction  cylinder,  (with  collar  attached)  to  fill  it 
about  3-inches. Compact the layer with 25 blows of 
the tamper at an 18-inches free drop. Repeat this 
procedure  until  three  layers  are  compacted.  The  

 



 801

          thickness of placed layers should be adjusted so that the 
total compacted thickness will be slightly more than 6-
inches. Remove the collar from the cylinder and trim the 
compacted material to the level of the cylinder. 

          (c) Measure the penetration resistance. Use a needle 
that will give a reading on the scale when the needle 
is forced into the sample at a rate of approximately 
half an inch per second. All the precautions detailed 
in item 5 of Appendix IX should be observed in taking 
these readings. Make three or four penetrations and 
determine the average scale reading for the sample. 

          (d)  Divide the average scale reading by the area of the 
needle used to determine the penetration resistance 
in pounds per square inch. 

          (e)  This data should be recorded as prescribed for the 
field density test. Compare the observed penetration 
resistance with the allowable limits previously 
established in the laboratory and indicate whether the 
material is satisfactory, too wet, or too dry. 

          4.  Procedure for needle density test.- 

          (a)  At the spot selected for the test, remove the loose top 
material until firm compacted soil is reached. 

          (b)  Measure the penetration resistance and determine its 
average value in a manner similar to that described in 
sub-paragraphs (3-c) and (3-d) above. 

          (c)  Excavate about 25 or 30 pounds of material at the 
spot where the fill needle readings were taken and 
pass the material through the screen. 

          (d)  Compact a sufficient quantity of the screened 
material in a standard compaction cylinder as 
described in sub-paragraph (3-b) above, and 
measure the penetration resistance of the compacted 
material in the cylinder as in (4-b) above. 

          (e)  Record the penetration resistance observed in (b) 
above in the column headed “fill” and the penetration 
resistance observed in the column marked ‘cylinder’. 

          (f)  If   the  needle-moisture   tests   indicate   moisture 
content  with   in   the   allowable   range,  an   
average   needle   reading   in the  fill  equal  to  or 
greater  than  the  average  cylinder  needle   reading 
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             indicates adequate density and compaction. Where the 
embankment reading are considerably smaller than the 
cylinder readings, sufficiency of compaction is doubtful and a 
field density test should be carried out immediately.  
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APPENDIX NO. XII 
EXPLOSIVE MAGAZINES 

 

(a)  Points to be observed in the construction of a n explosive 
magazine 

 

          1.  Gunpower, dynamite, gelignite, blasting gelatine and 
safety fuse may be stored in the same room, but detonators and 
fuses for blasting which are not safety fuses, must be kept in a 
separate room, and if the number of detonators exceeds 40,000, 
they must be stored in a separate building at some distance from 
the magazine. 

          2.  The size of the magazine will depend on the quantity of 
explosives to be stored. The floor, however, must be at least 12 
inches (30 cms. above ground, the outer walls 18 inches (45 cm.) 
thick, the wall between the magazine and the detonator room two 
feet (60 cm.) thick, and the outer walls of the detonator room 15 
inches (38 cm.) thick. 

          3.  The door and any windows in the magazine must be of at 
least ¼ inch (5 mm.) thick steel plate faced on the inside with 
wood. They must open outwards, and as there should be no 
uncovered steel or iron, inside a magazine bolts, hinges and other 
internal fitting must be of brass or gun metal. 

          4.  The interior of the magazine floor, walls and roof should 
be cement plastered, worked to a smooth surface. 

          5.  Dynamite and similar explosive must be kept cool, dry 
and well ventilated. To ensure this, boxes of explosive must be 
kept away from the walls and off the floor, on trestles 12 inches 
(30 cm.) high. The magazines will be ventilated through shaft eight 
inches (20 cm.) square, and according to Explosives Rule 1949. 
These will be protected outside with wrought iron gratings, built 
into the masonry, and inside with brass or copper wire netting (8 
meshes to the inch) fixed in a wooden frame and secured flush 
with the plaster. 

          6.  A space not less then ten yards (10 metres) wide round 
every magazine will be enclosed with a strong fence provided with 
a single gate which will be kept locked. This space will be kept 
clear from trees, bushes and grass. 

          7.  Magazines must be kept well away from roads and 
buildings, and unless there is high ground intervening, no 
magazine, intended to hold 500 lbs. (225 kg.) or more of 
explosives, should be built within 50 yards (50 metres) of a road or 
within 100 yards (100 metres), of a dwelling house. More space is 
required for larger magazines and the table attached to the rules 
framed under the Indian Explosives Act (1884) should be 
consulted before selecting a site for a new magazine. 
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           8.  Every magazine shall be provided with one or more 
efficient lightening conductors depending upon the size of the 
building.  

          (b)  General Rules to be observed in explosives 
magazines 

          1.  The magazine must be at all times kept scrupulously clean. 

          2.  No unauthorized person is at any time to be admitted into 
the magazine. 

          3.  The person-in-charge of the magazine is to take care that 
the magazine is well and securely looked. 

          4.  The magazine is on no account to be opened during, or on 
the approach of a thunderstorm, and no person should remain in the 
vicinity of the magazine during such a storm. 

          5.  Magazine shoes without nails must be kept at all times in 
the magazine, and a wooden tub or cement through about one foot 
(30 cm.) high and eighteen inches (45 cm. in diameter, filled with 
water is to be fixed near the door of the magazine. 

          6.  People wearing shoes, before entering the magazine must 
put on the magazine shoes provided for the purpose, and be 
careful:- 

          (a)  not to put their feet on the clean floor unless they have on 
the magazine shoes ; 

          (b)  not to allow the magazine shoes to touch the ground 
outside the clean floor ; and 

          (c) not to allow any dirt or grit to fall on the clean floor. 

          7.  People with bare feet will, before entering the magazine dip 
their feet in the water and then step direct from the tub over the 
barrier on to the clean floor. 

          8.  A brush or broom is to be kept in the magazine for cleaning 
out the magazine on each occasion it is opened for the receipt, 
delivery or inspection of explosives. 

          9.  No lights nor smoking are to be allowed inside or near the 
magazine. 

          10.  No person, having any matches or articles of steel or iron 
on him, is to be allowed to enter the magazine. 

          11.  Oiled cotton rags and waste or any articles liable to 
spontaneous ignition must not be taken into the magazine. 

          12.  No tools or implements other than those of copper, brass, 
gun-metal or wood are to be allowed inside the magazine. Tools 
must only be used with great gentleness and care. 
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          13.  Boxes of explosives are not to be thrown down or 
dragged along the floor. They must be stacked on wooden 
trestles. Where there are white ants, the legs of the trestles 
must rest in shallow copper, lead or brass bowls containing a 
little water. 

          14.  Empty boxes are not to be kept in the magazine not 
any loose packing material stored there. 

          15.  The following are to be hung up in the magazine:  

          (a)  A copy of these rules. 

          (b)  A statement showing the stock in the magazine. 

          (c) Certificate showing the last date of testing the 
lightening conductors. 
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 APPENDIX NO. XIII 

 DESTRUCTION OF EXPLOSIVES 

           1.  The destruction of explosives will be carried out only 
under the supervision of the Sub-Divisional Officer. 

          2.  Gunpowder may be rendered non-explosive by being 
thrown into water preferably hot which dissolves the saltpeter. 

          3.  Cartridges of dynamite should be laid out in a 
continuous line an inch (25 mm.) between each cartridge of 
the cartridge wrappers and any other available paper, over a 
line of shavings or dry straw, soaked in kerosine or similar oil 
to accelerate combustion. The line of shavings, etc., should be 
prolonged about 20 feet (6 metres) beyond the dynamite and 
lit with a short length of safety fuse, the operator quickly 
retiring to a safe distance. Not more than 50 lbs. (22.5 kg.) of 
dynamite should be destroyed at a time and a clear space of 
bare ground about 100 yards (100 metres) all round, must be 
selected for the purpose. 

          4.  Safety fuse can be destroyed by burning in lengths, 
in the open under suitable precautions. 

          5.  Detonators should be thrown into deep water two or 
three at a time, or they can be destroyed by burning, under 
suitable precautions, after having been soaked for 48 hours in 
mineral oil. 
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APPENDIX NO. XIV  

PRELIMINARY TEST FOR COMPRESSION STRENGTH                                 
OF CONRETE 

 

          1.  Scope:-  

1.1  This method covers compression tests on concrete made in a 
laboratory where accurate control of quantities of materials and test conditions 
is possible. 

 

          2.  Test Specimen:-  

2.1  Test specimen shall be either cubes or cylinders whose sizes shall 
be as given in Table. 

 

TABLE – SIZES OF TEST SPECIMENS  

Maximum size of 
Coarse Aggregates 

Size of specimens  

Cubes cylinder  

Cm. In. 
Dia. Height  

cm. In. cm. In.  

Not exceeding ¾ inch. 
(20 mm.) Greater than 
¾ in. (20 mm)                          
but not exceeding 1½ 
in. (38 mm) 

10 x 10 x 10             

 

15 x 15 x 15 

4 x 4 x 4                       

 

6 x 6 x 6 

15 

 

15 

6 

 

6 

30 

 

30 

12 

 

12 

 

Greater than 1½ in. 
(38 mm) after wet 
screening or hand 
picking aggregates 
greater than 1½ in. 
(18 mm) 

15 x 15 x 15 6 x 6 x 6 15 6 30 12 

 

          *The size of the cubic specimen shall be generally 6” x 6” x 6” (15cm x 
15cm x 15cm) and this size shall be preferred to 4” x 4” x 4” (10cm x 10cm x 
10cm). where prior consent of the engineer-in-charge has been obtained, the 
size of the specimen may be 4” x 4” x 4” (10cm x 10cm x 10cm). 
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           2.2  Moulds for test specimens shall be rigid and of metal, 
with inner surfaces accurately machined. Each mould shall be 
provided with a metal base having a smooth machined surface. 
Means shall be provided for securing the base plate to the mould. 

           3.  Materials : 

           3.1  The materials and proportions used in making the test 
specimens including the water content shall be similar in all 
respects to those to be used in the work. The cement on arrival at 
the laboratory shall be mixed dry either by hand or in a suitable 
mixer so as to ensure uniformity, care being taken to avoid the 
intrusion of foreign matter, and then stored in air-tight containers. 

          3.2  All material shall be brought to a temperature of 81°± 4° 
F(27° ± 2°C) before beginning the tests. The aggreg ate shall be 
dry. 

          3.3  The quantities of cement aggregate and water for each 
batch shall be determined by weight to an accuracy of 1 in 1000. 

           4.  Preparation of Test Specimen : 

           4.1  The concrete shall be mixed by hand or in a small batch 
mixer in such a manner as to avoid loss of water. If the concrete is 
mixed by hand, the cement and fine aggregate shall be first mixed 
dry until the mixture is uniform in colour. The coarse aggregate 
shall then be added and mixed with the cement and fine aggregate. 
Water shall then be added and the whole mixed thoroughly until 
the resulting concrete is uniform in colour, and in no case for less 
than two minutes. If a batch mixer is used, all materials may be 
placed together in the mixer and mixed thoroughly until the 
resulting concrete is uniform in colour, and in no case for less than 
two minutes. 

          4.2  The interior surface of the mould and base plate shall be 
lightly oiled before the concrete is placed in the mould. Test 
specimens shall be moulded by placing the fresh concrete in the 
mould in three layers, each approximately one third the volume of 
the mould. In placing each scoopful of concrete, the scoop shall be 
moved round the top edge of the mould as the concrete slids from 
it in order to insure symmetrical distribution of concrete within the 
mould. Each layer shall be rodded 25 times with a 5/8 in. (16 mm.) 
rod, 24 in. (.06 meter) in length, bullet pointed at the lower end. 
The strokes shall be distributed in a uniform manner over the cross 
section of the mould and shall penetrate into the underlying layer. 
The bottom layer shall be rodded throughout, its depth. After the 
top layers has been rodded, the surface of the concrete shall be 
struck off with a trowel and covered with a glass plate at least ¼ in 
(6 mm.) thick, or with a machined metal plate, which may be later-
used in 
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capping the test specimen. The whole process of moulding shall be 
carried out in such a manner as to preclude the alteration of the 
water cement ratio of the concrete by the loss of water either by 
leakage from the bottom or overflowing from the top of the mould. 

          4.  2.1.  Where it is proposed to use mechanical vibrators for 
compacting the concrete at the site of work and to allow increased 
stresses in accordance with specification No 10.7 the test 
specimens may be compacted with a mechanical vibrator. 

          4.3.  Capping of Cylindrical Test Specimen :  

          4.  3.1.  Two to four hours after moulding the cylindrical test 
specimens, if made in metal moulds, may be capped with a thin cap 
of neat cement paste. The cap shall be formed by means of a piece 
of plate glass ¼ in. (6 mm.) thick, or a machined metal plate ½ in. 
(13 mm.) thick and of a size 2 to 3 in. (50 to 75 mm.) larger than that 
of mould. The plate shall be worked on the cement paste until the 
plate rests on top of the mould. The cement for capping shall be 
mixed to a stiff paste from about 2 to 4 hours before it is to be used 
in order to avoid the tendency of the cap to shrink. Adhesion of the 
concrete to the top and bottom plates may be avoided by coating 
them with heavy oil or grease. 

          4.  3.2.  If cylindrical specimens are not capped with neat 
cement paste, they shall be capped before testing in such a manner 
that the ends are perfectly plane and at right angles to the axis of 
the cylinder. The material used for capping and the thickness of the 
cap shall be such that the capping will not flow or fracture under the 
load. 

          4.  3.3.  It is desirable that the capping material should have a 
value for modulus of elasticity equal to or greater than that of the 
concrete under 

          5.  Curing and Storage of Test Specimen :  

          5.1.  Immediate the moulding is completed, the moulds, 
containing the test specimens shall be placed in moist air of at least 
90 per cent relative humidity and at a temperature of 81° ± 4°F (27º 
± 20°C) for 24 ± ½ hour. After 24 hours, the test s pecimens shall be 
removed from the moulds, marked and placed in saturated lime 
solution at a temperature of 81° ± 4F (27º ± 2ºC) u ntil required for 
test. 

          6.  Method of testing :  

          6.1.  The tests shall be made at the age of the concrete 
corresponding to that for which the strengths are specified. 

          6.2.  Compression tests shall be made immediately upon 
removal of the concrete test specimens from the curing room, i.e., 
the test specimens shall be loaded in damp condition. The 
dimensions of the test specimens shall be measured in millimeters 
accurate to 0.5 mm. 
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           6.3.  The metal bearing plates of the testing machine shall 
be placed in contact with the ends of the test specimens. 
Cushioning materials shall not be used. In the case of cubes, the 
test specimens shall be placed in the machine in such a manner 
that the load is applied to the sides of the specimens as cast. An 
adjustable bearing block shall be used to transmit the load to the 
test specimen. The size of the bearing block shall be the same or 
slightly larger than that of the test specimen. The upper or lower 
section of the bearing block shall be kept in motion as the head of 
the testing machine is brought to a bearing on the test specimen. 

          6.  3.1.  The load shall be applied axially without shock at 
the rate of approximately 2,000 lb./sq. in. (140 kg./sq. cm.) per 
minute. The total indicated by the testing machine at failure of the 
test specimen shall be recorded and the unit compressive 
strength calculated in lb. per sq. in. (kg./sq. cm.) using the area 
computed from the measured dimension of the test specimen. 
The type of failure and appearance of the concrete shall be 
noted. 

          7.  Standard of Acceptance :  

          7.1  Three test specimen shall be made for each age at 
which tests are required. The average of the strength of the three 
specimens may be accepted as the compressive strength of 
concrete provided the difference between the maximum and 
minimum strength of the three specimens does not exceed 15 per 
cent of the average strength. If the difference exceeds 15 per 
cent of average strength, repeat tests shall be made unless the 
minimum strength is greater than the strength specified in 
paragraph 3 of specification No. 10.7. 
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APPENDIX NO. XV  

WORK TEST FOR COMPRESSION STRENGTH OF CONRETE  

          1.  Scope:-   

1.1  This method is intended to apply to the moulding, storing and 
testing of compression test specimens of concrete sampled from concrete 
being used in construction. 

 

          2.  Test Specimen:-   

2.1  Test specimens shall be either or cylinders whose size shall be as 
given in Table. 

 

TABLE – SIZES OF TEST SPECIMENS  

Maximum size of 
Coarse Aggregates 

Size of specimens  

Cubes cylinder  

Cm. In. 
Dia. meter Height  

cm. In. cm. In.  

Not exceeding ¾ inch. 
(20 mm.) Greater than 
¾ in. (20 mm)                   
but not exceeding 1½ 
in. (38 mm) 

10 x 10 x 10             

 

15 x 15 x 15 

4 x 4 x 4                       

 

6 x 6 x 6 

15 

 

15 

6 

 

6 

30 

 

30 

12 

 

12 

 

Greater than 1 ½ in. 
(38 mm) after hand 
picking aggregates 
greater than 1 ½ in. 
(18 mm) 

15 x 15 x 15 6 x 6 x 6 15 6 30 12 

 

2.2  The moulds for test specimens shall be made of non-absorbent 
material  and  shall  be  substantial  enough  to  hold  their  form  during the  

 

          *The size of the cubic specimen shall be generally 6” x 6” x 6” (15cm x 
15cm x 15cm) and this size shall be preferred to 4” x 4” x 4” (10cm x 10cm x 
10cm). where prior consent of the engineer-in-charge has been obtained, the 
size of the specimen may be 4” x 4” x 4” (10cm x 10cm x 10cm). 

 

 
 
 



 812

 

 moulding of the test specimens. They shall not vary from the 
standard dimensions given under 2.1 by more than one per cent. 
The moulds shall be so constructed that there will be no leakage 
of water from the test specimens during moulding. 

          Note.-Satisfactory moulds can be made from machined 
iron or steel castings, machined steel water pipe, cold drawn 
steel tubing, rolled metal plates or galvanized iron. 

          2.  2.1.  Each mould shall be provided with a base plate 
having a plane surface and made of non-absorbent material. This 
plate shall be large enough in diameter to support the moulds 
properly with leakage. Glass plate not less than ¼ in. (6 mm.) 
thick, or planed metal not less than ½ in (13 mm.) thick, shall be 
used for this purpose. A similar plate shall be provided for 
covering the top surface of the test specimen when moulded. 

          3.  Sampling of Concrete  

          3.1.  Samples of concrete for test specimen shall be taken 
at the mixer, or in the case of ready mixed concrete from the 
transportation vehicle during discharge. The sample of concrete 
from which test specimens are made shall be representative of 
the entire batch. Such samples shall be obtained by repeatedly 
passing a scoop or pail through the discharging stream of 
concrete, starting the sampling operation until the entire batch is 
discharged. The sample thus obtained shall be transported to the 
place of moulding of the specimen and to counteract segregation, 
the concrete shall be mixed with a shovel until it is uniform in 
appearance. The location in the work of the batch of concrete 
thus sampled shall be noted for future reference. In the case of 
paving concrete, samples may be taken from the batch 
immediately after depositing on the sub-grade. At least five 
samples shall be taken from different portions of the pile and 
these samples shall be thoroughly mixed before being used to 
form the test specimen. 

          4.  Preparation of Test specimen :  

          4.1.  The interior surfaces of the mould and base plate shall 
be lightly oiled before the concrete is placed in the mould. From 
the sample of concrete obtained as described under 3.1, the test 
specimen shall be immediately moulded by one of the following 
methods:- 

          (a) When the job concrete is compacted by ordinary 
methods, the test specimen shall be moulded by 
placing the fresh concrete in the mould in three layers, 
each approximately one third of the volume of the 
mould. In placing each scoopful of concrete, the scoop 
shall be moved around the top edge of the mould as 
the concrete there slides from it, in order to ensure a 
uniform distribution of 
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concrete with the mould. Each layer shall be rodded 25 
times with a 5/8 in. (16 mm) rod, 24 in. (0.6 m.) in length, 
bullet pointed at the lower end. The strokes shall be 
distributed in a uniform manner over the cross section of 
the mould and shall penetrate into the underlying layer. 
The bottom layer shall be rodded throughout its depth. 
After the top layer has been rodded, the surface of the 
concrete shall be struck off with a trowel and covered with 
a glass plate at least ¼ in. (6 mm.) thick or a machined 
metal plate which may be later be used in capping the 
cylindrical test specimens. The whole process of moulding 
shall be carried out in such a manner as to preclude the 
alteration of the water cement ratio of the concrete, by 
loss of water either by leakage from the bottom or 
overflow from the top of the mould. 

          (b)  When the job concrete is placed by vibration and the 
consistency of the concrete is such that the test 
specimens cannot be properly moulded by hand rodding 
as described under (a) above, the specimens shall be 
vibrated to give a compaction corresponding to that of the 
job concrete. The fresh concrete shall be placed in the 
mould in two layers, each approximately half the volume 
of the mould. In placing each scoopful of concrete, the 
scoop shall be moved around the top edge of the mould 
as the concrete there slides from it, In order to, ensure a 
symmetrical distribution of concrete within the mould. 
Either internal or external vibrators may be used. The 
vibration of each layer shall not be continued longer than 
is necessary to secure the required density. Internal 
vibrators shall be of appropriate size and shall penetrate 
only the layer to be compacted. In compacting the first 
layer the vibrators shall not be allowed to rest on the 
bottom of the mould. In placing the concrete for the top 
layer, the mould shall not be filled to the extent that there 
will be mortar loss during vibration. After vibrating the 
second layer, enough concrete shall be added to bring the 
level above the top of the mould. The surface of the 
concrete shall then be struck off with a trowel and covered 
with a glass or steel plate as specified under (a) above. 
The whole process of moulding shall be carried out in 
such a manner as to preclude the alteration of the water 
cement ratio of the concrete by loss of water either by 
leakage from the bottom or overflow from the top of 
mould. 

          4.2.  Capping of Cylindrical Test Specimen :  

          4.2.1  Two to four hours after moulding the cylindrical test 
specimens, if made in metal mould, may be capped with a thin cap 
of neat 
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 cement paste. The cap shall be formed by means of a piece of 
plate glass ¼ in. (6 mm.) thick, or a machined metal plate ½ in. 
(13 mm.) thick and of a size 2 to 3 in. (50 to 75 mm.) large than 
that of mould. The plate shall be worked on the cement paste 
until the plate rests on top of the mould. The cement for capping 
shall be mixed to a stiff paste 2 to 4 hours before it is to be used, 
in order to avoid the tendency of the cap to shrink. Adhesion of 
the concrete to the top and bottom plates may be avoided by 
coating them with heavy oil or grease. 

          4.2.2  If the cylindrical specimens are not capped with neat 
cement paste, they shall be capped before testing in such a 
manner that the ends are perfectly plane, and at right angles to 
the axis of the cylinder. The material used for capping and the 
thickness of the cap shall be such that it will not flow or fracture 
under the load. 

          4.2.3  It is desirable that the capping material should have 
a value for modulus of elasticity equal to or greater than that of 
the concrete under test. 

          5.  Curing and Storage of Test Specimen : 

          5.1  In order to afford reasonably uniform temperature 
moist conditions during the first 24 hours for curing the 
specimens and to protect them from damage, the moulds shall be 
covered with wet straw or gunny sacking and placed in a storage 
box so constructed and kept in such a position on the work that 
its air temperature when containing concrete specimens shall 
remain between 72° to 91° F (22° to 33° C.) Other s uitable 
means which provide such temperature and moisture conditions 
may be used. 

          Note.-It is suggested that the storage box be made of 1 in. 
(25 mm) dressed tongued and grooved timber, wall braced, with 
battens to avoid warping. The box should be well painted inside 
and outside and should be provided with a hinged cover and 
padlock. 

          The test specimens shall be removed from the moulds at 
the end of 24 hours and stored in a moist condition at a 
temperature within the range of 76° to 86° F (24° t o 30° C) until 
the time of test. If storage in water is desired, a saturated lime 
solution shall be used. 

          6.  Method of Testing :  

          The specimens shall be tested in accordance with 
procedure described in paragraph 6 of Appendix. 

          7.  Standard of Acceptance :  

          The standard of acceptance shall be the same as 
described in paragraph 7 of Appendix XIV. 
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APPENDIX NO. XVI  

DETERMINATION OF CONSISTENCY OF CONCRETE                      
BY SLUMP TEST 

 

          1.  Scope : 

          1.1  This method covers test for determining the consistency 
of concrete samples from concrete being used in construction. 

          2.  Specimen : 

          2.1  The test specimen shall be formed in a mould in the 
form of the frustum of a cone with internal dimensions as follows :- 

          (a)  Bottom diameter 8 inches (20 cm.), 

          (b)  Top diameter 4 inches (10 cm.), and 

          (c)  Height 12 inches (30 cm.) 

          The bottom and the top shall be open, parallel to each other, 
and at right angles to the axis of the cone. The mould shall be 
provided with suitable foot pieces and handles. The internal 
surface shall be smooth. 

          2.2  Care shall be taken to ensure that a representative 
sample is taken. 

          3.  Sampling of Concrete : 

          3.1  Samples of concrete for test specimens shall be taken 
at the mixer, or in the case of ready-mixed concrete, from the 
transportation vehicle during discharge. The sample of concrete 
from which test specimens are made shall be representative of the 
entire batch. Such samples shall be obtained by repeatedly 
passing a scoop or pail through the discharging stream of 
concrete, starting the sampling operation of the beginning of 
discharge and repeating the operation until the entire batch is 
discharged. The sample thus obtained shall be transported to the 
place of moulding of the specimen, and to counteract segregation, 
the concrete shall be mixed with a shovel until it is uniform in 
appearance. The location in the work of the batch of concrete thus 
sampled shall be noted for future reference. In the case of paving 
concrete, samples may be taken from the batch immediately after 
depositing on the sub-grade. At least five samples shall be taken 
from different portion of the pile and these samples shall be 
thoroughly mixed before being used to form the test specimen. 

          4.  Moulds : 

          4.1  The internal surface of the mould shall be thoroughly 
clean, dry and free from set cement before commencing the test. 
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           5.  Procedure  : 

          5.1  The mould shall be placed on a smooth, flat, non-
absorbent surface. The operator should hold the mould firmly in 
place, while it is being filled, by standing on the foot-pieces. The 
mould shall be filled to about one-fourth of its height with the 
concrete which shall then be tamped, using 25 strokes of a 5/8 
inch (l6 mm.) diameter steel rod, 2 feet (0.6 m.) long and bullet 
pointed at the lower end. The filling shall be completed in 
successive layers similar to the first, and the top struck off so that 
the mould is exactly filled. The mould shall then be removed by 
raising vertically immediately after filling. The moulded concrete 
shall then be allowed to subside, and the height of the specimen 
measured after coming to rest. 

          5.2  The consistency shall be recorded in terms of inches 
(millimeters) of subsidence of the specimen during the test, which 
is known as the slump. 
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APPENDIX NO. XVII  

DETERMINATION OF CONSISTENCY OF CONCRETE BY VEB-
EE CONSISTIMETER METHOD 

 

          1.  Scope : 

          1.1  This appendix deals with the determination of 
consistency of concrete using a Vee-Bee Consistometer, which 
determines the time required for transforming, by vibration, a 
concrete specimen in the shape of a conical frustum into a 
cylinder. 

          2.  Apparatus : 

          2.1  The Vee-Bee Consistometer (see Fig. on page 878) 
consists of:- 

          (a)  A vibrator table resting upon elastic support. 

          (b)  A metal pot. 

          (c)  A sheet metal cone, open at both ends; and 

          (d)  A standard iron rod. 

          2.2.  The vibrator table (G) is 380 mm. long and 260 mm. 
wide and is supported on rubber shock absorbers at a height of 
about 305 mm. above floor level. The table is mounted on a base 
(K) which rests on three rubber feet, and is equipped with an 
electrically operated vibro-meter mounted under it operating on 
either 65 volts or 220 volts, three phase, 50 cycles alternating 
current. A sheet metal cone (B) open at both ends is placed in the 
metal pot (A) and the metal pot is fixed on to the vibrator table by 
means of two wing nuts. (H). The sheet cone is 30 cm. high and its 
bottom diameter is 20 cm. and top diameter 10 cm. A swivel arm 
holder (M) is fixed to the base and into this is telescoped another 
swivel arm (N) with funnel (D) and guide sleeve (E). The swivel 
arm can be readily detached from the vibrating table. The 
graduated rod (J) is fixed on the swivel arm and at the end of the 
graduated arm a glass disc (C) is screwed. The graduation of the 
scale on the rod records the slumps of the concrete cone in 
centimeters and the volume of concrete after vibration of the cone 
in the pot. The standard iron rod is 20 mm. in diameter and 500 
mm. in length. The electrical equipment mounted on the base of 
the consistometer consists of a fixed plug and connector for the 
electric supply cable, plug and socket contacts for the detachable 
cable connected to the vibrometer and a control switch. 

          3.  Procedure : 

          3.1  A slump test as described in Appendix XVI is performed 
in the sheet metal cylindrical pot of consistometer. The glass disc 
attached to the swivel arm is moved and is placed juts on top of 
the slump cone 
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Fig. 1 VEE-BEE CONSISTOMETER TYPE VBR  
In the pot and before the cone is lifted up the position of the 
concrete cone is noted by adjusting the glass disc attached to the 
swivel arm. The cone is then lifted up and the slump is noted on 
the graduated rod by lowering the glass disc on top of the 
concrete cone. The electrical vibrator is then switched on and the 
concrete is allowed to spread out in the pot. The vibration is 
continued until the whole concrete surface uniformly adheres to 
the glass disc as indicated in figure and the time taken for this to 
be attained is noted with a stop-watch. The time is recorded in 
seconds. 

          4.  Result :-  

          4.1  The consistency of the concrete is expresses in Vee-
Bee degrees which are equal to the time in seconds under 3.1. 

          4.2  The required slump is obtained on the basis of the 
consistency scale given in Table below. 

          4.2.1  The curve in Fig. 2 indicates the relationship 
between slump in cm. and the degrees covered by the 
consistency scale given in Table below. 
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Consistency  Number of Vee-Bee 
Degrees 

Characteristics  

Moist Earth 40 to 25 to 20 Particles of coarse aggregate in 
the concrete are adhesive but 
concrete does not clot. Risk of 
segregation. 

 

Very dry 20 to 15 to 10 Concrete has the consistency 
very stiff porridge forms a stiff 
mound when dumped, and 
barely tends to shake or roll 
itself to form an almost 
horizontal surface when 
conveyed for a long time in, say, 
a wheel barrow. 

 

Dry 10 to 7 to 5 Concrete has the consistency of 
stiff porridge forms a mound 
when dumped, and shakes or 
rolls itself to form a horizontal 
surface when conveyed for a 
long time in say a wheel barrow. 

 

Plastic 5 to 4 to 3 Concrete can be shaped into a 
ball between the palms of the 
hands and adheres to the skin. 

 

Semi-fluid 3 to 2 to 1 Concrete cannot be rolled into a 
ball between the palms of the 
hands, but spreads out even 
though slowly, and without 
affecting the cohesion of the 
constituents so that segregation 
does not occur. 

 

Fluid More fluid than 1 Concrete spreads out rapidly 
and segregation takes place. 
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 APPENDIX NO. XVIII 

 UNTESTED STEEL FOR REINFORCED CONCRETE WORK 

           1.  Untested steel obtained through reliable agents in 
sealed bundles may be used without test only in case of petty 
works and village road bridges or culverts up to 12.0 span. Safe 
tensile strength of this steel should not be taken in excess of 
16000 per sq. inch (1120 kg./sq. cm.). 

          2.  Untested steel may be used in case of V. R. bridges up 
to 20 ft. (6 metres) span subject to the following conditions:- 

          (i)  Safe tensile strength of steel should not be taken to be 
in excess of 16000 lb./sq. inch (1120 kg./sq. cm.) or 
that determined by a yield point test allowing a factor of 
safety of 2.2 as described in para 5. 

          (ii)  The bars should be capable of bent double when cold 
without fracture to a radius not greater than 1½ times in 
diameter of the bars over 1 inch (25 mm.) dia. or a 
radius equal to one diameter if 1 inch (25 mm.) or less. 

          3.  In case of important works, class A, class AA and higher 
loading Road Bridges, and for all spans larger than 20 ft. (6 
metres) the untested steel should be subjected to the following 
tests before it is used:- 

          (a)  Tensile test. 

          (b)  Cold bend test. 

          Tensile tests shall be carried out in accordance with Indian 
Standard : 1608 in a laboratory where adequate arrangements 
exist for testing steel. Safe tensile strength of steel shall be taken 
as ¼ of a ultimate tensile strength subject to a maximum of 
16000 lb/sq. inch (1120 kg. /sq. cm.). Cold bend test as described 
below shall be carried out personally by engineer-in-charge:- 

          The test piece shall withstand, without fracture being 
doubled over either by pressure or by steady blows 
from a hammer until the two sides of the piece are 
parallel and, in the case of bars above 1 inch (25 mm.) 
in diameter, the internal radius is not greater than 1½ 
times the diameter of the bar, and in the case of bars of 
1 inch (25 mm.) and under in diameter, the internal 
radius of the bond is not greater than the diameter of 
the bar. 

          4.  Number of tensile and cold bend test.- One test in 
either case shall be made from every 10 or part of 10 bundles in 
any consignment of untested bars. 
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          5.  Determining yield point of steel bars at site :  
(i) A segment of a circle of given radius is cut out 

exactly in wood and if used frequently should 
be lined with steel. 

(ii) A straight untested bar is bent down over the 
curve and released. The bar will strengthen out 
in part. The remaining curvature is measure to 
calculate the yield point. In Fig. 1 is shown the 
bar before and after bending: 

 
 
 
 

                    Fig. :1 
(iii) r2 the radius of curvature of the bar after its 

release can be determined as follows: 
fix two nails at a distance 5 inches apart and draw 
a line to join them as shown in fig. 2. Bring the 
curved bar into contact with both nails on the same 
side and measure h the height of the arc. 
          S2                  h 

              Then r2 = -------- + ---------- 
                                 8h           2 
               If QY is the stress at yield point. 
                          ED           
              QY = -------- cosØ   
                          2 r1      
               Where E is the modus of elasticity and is equal to 
30x106 lbs./sq. in. 

D = dia of bar, r1 = Radius of curve over which bar is 
bent. Ø can be calculated from the relation. 
            II    (1 – 10)      II        II           5     
n =    -----  ---------- = -----  -  ----Ø + ----- sinØ cosØ 
            4          r2           4       360o        6 
                             4 
 + Cos2Ø sin Ø – ---- cosØ tanØ 
                             3 
     If n has been calculated cosØ be obtained from fig. 3 
 
 
 
 
 

 
Fig. No. 2 
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 APPENDIX NO. XIX 

 METHODS FOR SUPERELEVATING THE ROAD SURFACE AT 
CURVES 

           The super-elevation is built into a road in two stages. In the 
first stage the camber is neutralized gradually till the road has one 
straight line slope from the inner to the outer edge. In the second 
stage, the straight line slop is gradually increased till the designed 
super-elevation is attained. 

          The change from a cambered section to a straight line cross 
slope is effected by progressively decreasing the inclination of 
outer slope tangential to the curved crown until it reaches the 
horizontal and then progressively increasing it until it coincides with 
the inclination of the inner slope (See figure 1 and 2). This ‘method 
is open to the objection that difficulties with surface drainage are 
introduced unless the  

 

 

 

 

 

 

                          Fig. 1                             Fig. 2 

road has a good longitudinal fall. It has, however, the following 
advantages:- 

          (i)  The outer half of the curve can be brought to level before 
the start of the curve, so that no point in the curve will 
the surface have a negative super-elevation. 

          (ii)  It does not call for the use of special templates and point 
of elevation of the outer edge can be easily calculated. 

          Another method known as the diagonal crown method which 
consists in progressively shifting the crown towards the outer edge 
and extension of the inner slope until the crown is completely run of 
the width of the pavement. Adoption of this method necessitates 
the starting of the shift after the start of curve and is not 
recommended. 
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                            Fig. 3 

(iv) To obtain reasonable results following figures form r1 may 
be used in case of round mild steel bars:- 

 

Dia of bar  Radius of curvature (r1) over 
which the bar should be bent. 

Inch mm Inch  

⅜ to ½ 10 to 12 24  

⅝ 16 40  

¾ to ⅞ 20 to 22 55  

1 to 1⅛ 25 to 28 80  

  100  

(v) The permanent height of the bar should be about half of 
the original curve. 

(vi) Safe tensile stress should have a factor of safety of 2.2 
over yield point stress. 

(vii) Examples:- A ⅜ inch (10 mm) diameter round bar was 
bent with r1 = 48o. Measured value of h = 0.65 in. and of  

S = 39.4 in. 
          39.42          0.65 
r2 = ----------- +  ---------- = 300 in. 
        8 x 0.65          2 
 
          II             ( I – 48) 
n = ----------- +  -------------= 0.661 
         4                  300 
From Fig. (3) cos Ø = 0.60 
                           30 x 106 x 3 
Therefore QY  = ------------------ 0.06 = say 7,0000 lb./sq.inch. 
         4                 2 x 48 x 48 
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           After the profile of the pavement has been brought to a 
straight line slope, the designed super-elevation could be 
obtained either by:- 

          (1)  Progressively revolving the slope about the center 
line, thus simultaneously depressing the inner edge 
and elevating the outer edge. 

OR 

          (2)  Progressively revolving the slope about the inner 
edge raising both the centre and the outer edge 
simultaneously. 

          Method (1) maintains the grade of the centre line without 
inducing bumps in the longitudinal section and therefore is 
preferable Method (2) is suitable for flat location to prevent 
drainage difficulties, in cuts, and in approaches to bridges on 
trestles. 

          (Taken from Chief Engineer’s technical memo No. 5 
on “Road Curves”) 
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APPENDIX NO. XX  

Sampling Aggregate for Laboratory Testing   

          1.  The procedure outlined herein should be followed to 
obtain samples of both coarse and fine aggregates for 
laboratory tests. The task of obtaining a truly representative 
sample of aggregate is considerably complicated because of 
the segregation that takes place when the aggregate is handled 
or moved. 

General. 

          2.  Sampling from sand stock piles should start at equally 
spaced points along the bottom of the pile and proceed 
upwards, at equal intervals, over the sides and top, thus 
covering the entire heap. If only part of the pile is to be used for 
a portion of the job, just the part to be used should be sampled. 

          Where practicable, gravel samples from stock plies 
should be taken with a specified tube sampler. Generally 
samples consisting of material from well beneath the surface 
obtained with a shovel, shall be considered satisfactory. By 
holding a short peace of board against the pile just above the 
point of sampling, the inclusion of unwanted surface material 
can be avoided. 

Sampling from 
stock piles. 

          3.  Samples from railway wagons should, preferably; be 
taken at points equally spaced on straight lines along the sides 
and centre of the wagon. The size of the samples will depend 
on the size of the wagon, the number of points from which 
samples are taken, and the maximum size of aggregate 
particles. 

          A standard tube sampler should be used for sand, and 
when possible, for coarse aggregate. The tube sampler is a 
steel pipe about 2 inches in diameter and 6 feet long pointed at 
the lower end and having a handle at the top. A series of 
openings is punched along the pipe in such a way that a line of 
“ears” projects from one side of the openings. The sampler tube 
is forced into the aggregate as well as possible; turned until the 
ears, have scooped sufficent material into the tube for a 
sample; and then withdrawn, keeping the openings on top. 

          Usually it may more convenient to take representative 
samples when the material is being loaded into or unloaded 
from a wagon. If loading or unloading is done by hand, a fairly 
representative sample may be obtained by taking a shovelful at 
regular intervals; provided care is taken that the larger pieces 
do not roll off the shoval. If wagons are mechanically loaded or 
unloaded, samples should be taken at regular intervals. 

Sampling from 
railway wagons. 

          4.  To secure representative samples of aggregate from a 
convey or belt, sampling should be done over the complete 
cross-section of supply stream in a short period. Samples 
should be taken at regular intervals until the whole supply has 
been sampled. The number and size of such sample will 
depend on the quantity and uniformity of the aggregate. 

Sampling from 
conveyor belts. 
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Reduction to test 
sample.  

          5.  The sample obtained from aggregate supply should 
be reduced to test sample by quartering or splitting as 
described below – 

          (a)  Guartering method.- Place the sample on a hard, 
clean surface where there will be neither loss of material nor 
addition of foreign matter. Mix the sample thoroughly by 
turning the entire lot over three times with a shovel. With the 
third or last turning, the entire sample should be shoveled into 
a conical pile by depositing each shovelful on top of the 
preceding one. The conical pile should be then flattened to a 
uniform thickness and diameter, so that after the pile has been 
quartered, each quarter will contain the material originally in it. 
The flattened mass should be then marked into quarters by 
two lines that inter-sect at right angles at the centre of the pile. 
Remove two diagonally opposite quarters and brush the 
cleared spaces clean. The remaining material should be mixed 
and quartered successively unit the sample is reduced to 50 
pounds or less. The sample should be further reduced to the 
desired size by passing it through a sample splitter, one-half 
being discarded and the other half spilt again. 

          (b)  Sample splitting.- The entire sample should be 
passed through a sheet metal sample splitter. One-half of the 
split sample should be set aside and the other half split again. 
This procedure should be repeated until the sample is reduced 
to the desired size. 

          Details of the standard sample splitter are shown in 
figure below :- 

 

 

 

 

 

 

 

 

 

 

Fig. Sample Splitter  

Coarse aggregate samples should be reduced to test 
specimen size by the quartering method only. With aggregate 
larger then 2 inch size, it may be more convenient and 
desirable to hand-pick the sample. In such a case care should 
be taken to obtain a representative sample. Samples of sand 
should be reduced to test size by the quartering method or use 
of a sample splitter. 
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APPENDIX NO. XXI  

Abstract of regulations for the electrical equipmen t of 
buildings of the Institution of Electrical Engineer s,                  

London referred to in the specification                                                
no. 31.1 (clause 2) 

 

DEFINITIONS  

          1.  Consumer’s Terminals. - The pression “consumer's 
terminals” means the ends of the electric conductors situated 
upon any consumer’s premises and belonging to him, at which 
the supply of energy is delivered from the service lines. 

          2.  Medium Pressure. - The expression ‘medium 
pressure’ means a pressure between conductors normally 
exceeding 250 volts, but not exceeding 650 volts at the point at 
which the supply is delivered. 

          3.  Low Pressure. - The expression ‘low pressure’ means 
a pressure between conductors normally exceeding 30 volts in 
the case of alternating current and 100 volts in the case of 
direct current, but not exceeding 250 volts in either case at be 
point at which the supply is delivered. 

          4.  Extra Low Pressure. - The expression ‘extra 
pressure’ means a pressure between conductors normally not 
exceeding 30 volts in the case of alternating current, and 100 
volts in the case of direct current, at the point at which the 
supply is delivered. 

          Note :- Pressure and Frequencies :- The British Standard 
frequency for alternating current systems is 50 periods per 
second. Standard pressures will be found in British Standard 
Specification No. 77. 

          5.  Live (Alive). - An object is said to be ‘live’ when a 
difference of potential exists between it and earth. 

          Note.- All metal connected to the neutral conductor of the 
supply system, even if such neutral be earthed at the source of 
supply, shall be deemed to be alive for the purposes of these 
Regulations. 

          6.  Earthed. - The expression ‘earthed’ means connected 
to the general mass of earth in such a manner as will ensure at 
all times an immediate discharge of electrical energy without 
danger. 

          7.  Earthing Lead. - The ‘earthing lead’ is the conductor 
connecting the earthing system to the metal sheathing or 
apparatus required to be earthed. 
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           8.  Un-insulated Conductor. - An un-insulated conductor is 
one in which no provision is made for its insulation from earth. 

          9.  Bare Conductor. - A bare conductor in one not covered 
with insulating material. 

          10.  Dielectric.-  The term ‘dielectric' denotes that portion of 
a core or cable which is relied upon to insulate the conductor. 

          11.  Core (of a cable). - The core of a cable is the conductor 
with its insulation or dielectric, but does not include the mechanical 
protective covering. Two, three or more cores may be laid up 
together to form a twin, three core or multi core cable. 

          12.  Cable. - The term ‘cable’ denotes one or more 
conductors with insulating covering and with or without protecting 
coverings. 

          Note:- Where the term ‘cable’ is used in these Regulations it 
shall be deemed to include a wire. 

          13.  Flexible Cable. - A flexible cable is one in which the 
conductor (or conductors) exceeds 0.007 square inch in cross-
section and comprises a number of wires, the diameter of the 
wires and the material of the dielectric being such as to ensure 
flexibility. 

          14.  Flexible cord. - A flexible cord is a flexible cable of 
cross-section not exceeding 0.007 square inch. 

          15.  Armoured cable. - An armoured cable is one provided 
with a protective metallic covering of wires or tapes, usually of iron 
and steel. 

          16.  Double insulation. - A conductor is said to have double 
insulation when it is provided with insulating material between the 
conductor and its surrounding envelope or immediate support as 
well as between this and earth. 

          17.  Bunched cable. - Cables are said to be bunched when 
more than one is contained within a single duct or groove, or when 
unenclosed cables are not separated from each other. 

          18.  Fitting. - A fitting is an appliance for supporting or 
containing a lamp together with its holder and shade or reflector; 
for example, a bracket, pendant and ceiling rose, electrolier or 
portable standard. 

          19.  Accessory. - An accessory is an appliance other than a 
fitting, associated with the wiring, fittings and consuming devices ; 
for example, a small switch, cutout, plug, sockets or similar device. 
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          20.  Domestic appliance. - A domestic appliance is a current 
consuming device, other than an electric lamp, which is normally 
installed in a dwelling house and in which the electrical energy is 
converted into heat or drives a small electric motor forming an integral 
part of the device. 

          21.  Point. - See special definition in clause 2 of 8-9 
specification No. 31.1. 

          22. Weather proof. - Fittings, accessories and consuming 
devices are said to be weather proof if they are so constructed that 
when installed, rain, snow and splashings are excluded. 

          23.  Switchgear. - The term ‘switchgear’ denotes apparatus for 
controlling the distribution of electrical energy, or for controlling or 
protecting electrical circuits, machines transformers or other 
apparatus. 

          24.  Switchboard. - The ‘switchboard’ denotes and assemblage 
of switchgear, with or without instruments, but does not apply to a 
group of local switches on a final sub circuit (See definition 35), where 
each switch has its own insulating base and protective covering. 

          Notes- In the Home Office Regulations for factories and 
workshops the term ‘switchboard’ includes the distribution board. 

          25.  Single switch. - A single pole switch is a switch suitable for 
making or breaking a circuit on one pole (or phase) only. 

          26.  Double-pole switch. - A double pole switch is a switch 
suitable for making or breaking a circuit on two poles (or phases) 
simultaneously or for making or breaking two separate circuit 
simultaneously. 

          27.  Triple-pole switch. - A triple-pole switch is a switch 
suitable for making or breaking a circuit on three poles (or phases) 
simultaneously, or for making or breaking three separate circuits 
simultaneously. 

          28.  Four-pole switch. - A four-pole switch is a switch suitable 
for making or breaking a circuit on four poles (or phases) 
simultaneously or for making or breaking four separate circuits 
simultaneously. 

          29.  Linked switches. - Linked switches are switches linked 
together mechanically so as to operate simultaneously or in definite 
sequence. 

          30.  Fusible cut-out. - (abbreviation ‘cut-out’). A  fusible  cut-out 
comprises all the separate parts’ e.g. fuse carrier, fuse contacts, fuse 
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 extension and circuit contacts which together with their mountings and 
base, form the complete protecting device. 

          31.  Fuse. - A fuse is the actual wire or strip of metal in a cut-out 
the function of which is to be fused by an excessive current. 

          32.  Circuit Breaker. - A circuit breaker is a switch for opening 
automatically unless otherwise specified, a circuit under abnormal 
conditions such as those of overload. 

          33.  Fuse switch .- A fuse-switch is a switch the moving part of 
which carries one or more fuses. 

          Note.- In every case in which a separate fuse and switch or 
separate fuses and linked switches are required by these 
Regulations, they may replaced by a fuse-switch o-linked 
fuse-switches, as the case may be. 

          34.  Section or distribution board .- A section or distribution 
board is an accessory comprising fusible cut-out with or without 
switches and arranged for the distribution to, and protection and 
control of, branch circuits fed from a main circuit. 

          35.  Sub-Circuit. - A sub-circuit is a branch circuit connected to 
a distribution board fed from a main circuit and may either feed a 
further distribution board or be a final sub-circuit. A final sub-circuit is 
a sub-circuit which does not feed a distribution board and to which 
lamps and/or other current-consuming devices are connected. 

          36.  Systems of wiring (distribution) A-Two wire .- A two-wire 
system of writing is one comprising two conductors between which 
the load may be connected, the wiring being effected by either of the 
following methods :- 

          (a)  Two-Conductor, insulated .- Conductors insulated 
throughout are provided for all connections to both 
poles of the supply, the conductors being separate, 
twin, or concentric. 

          (b)  Two-conductor, earthed .- Conductors are provided 
throughout for all connections to both poles of the 
supply, those connected to one pole being insulated 
throughout, and those connected to the other-being 
uninsulated throughout and efficiently earthed. The 
uninsulated conductor, know as 
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the ‘external’ conductor, completely surrounds the whole 
length of the other, known as the ‘internal’ conductor. 

          Note.- Except with the consent of the Electricity 
Commissioners no conductor directly connected to the 
public supply system may be earthed. 

          B.- Three-wire. - A three wire system of wiring is one 
comprising three conductors, one of which, known as the ‘neutral’ or 
‘middle’ is maintained at a potential midway between the potentials 
of the other two, referred to as the ‘outer’ conductor. Part of the load 
may be connected directly between the outer conductor and the 
remainder divided as evenly as possible into two parts connected 
respectively between the middle and each outer conductor. 

          C.- Two-phase three-wire. - A two phase three-wire system 
of wiring is one comprising three conductors between one of which, 
is known as the ‘common return’ and the other two are maintained 
respectively alternating differences of potential displaced in phase 
by one-quarter of a period. 

          D.- Three-phase three-wire. - A three-phase three-wire 
system of wiring is one comprising three conductors, between 
successive pairs of which are maintained alternating differences of 
potential successively displaced in phase by one-third of a period. 

          E.- Two-phase four-wire. - A two phase four-wire system of 
wiring is one comprising four conductors divided into two pairs which 
have maintained between their conductors alternating differences of 
potential displaced in phase by one-quarter of a period. 

          F.- Three phase four-wire. - A three-phase four-wire system 
of wiring is one comprising four conductors, three of which are 
connected as in a three-phase three-wire system the fourth being 
connected to the neutral point of the supply. 

          37.-Balanced. - A three-wire system of generation or supply is 
said to be ‘balanced’ when:- 

          (a) In the case of direct-current or single-phase alternating-
current systems of generation or supply, the loads 
connected between  the ‘middle’ and each of the outer 
conductors are equal. 

          (b)  In the case of a three-phase system of generation of 
supply, the load carried by the combination of two 
conductors 
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 is equal to the load carried by any other combination of 
two conductors. 

      Note :- In the case of a three-phase four-wire system of generation 
of supply in addition to condition ‘b’ above, the load 
connected between the middle and each of the outer or 
‘phase’ conductors are also equal. 
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APPENDIX NO. XXII  

TABLE OF CONVENTIONAL SYMBOLS  

NAME OF APPARATUS SYMBOL  

1.  Battery   

2. Direct Current Generator   

3. Direct current motor   

4. Alternator   

5. Alternating current motor 
 

 

6. Transformer   

7. Motor Starter   

8. Inductive Coil   

9. Non-Inductive Resistance   

10. Condenser   

11. Post for Over head Wires (Pole)   

12. Service Bracket   

13. Meter Board   

14. Main Distribution Board   

15. Branch Distribution Board   

16. Circuit Fuses on Boards   

17. Lightning Arrester 
 

 

18. Earth Plate or Pipe   

19. Mains.   

20. Sub-Mains   

21. Under Ground Cable   
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 NAME OF APPARATUS SYMBOL 

 22. Arial Line  

 23. Circuits  

 24. Ceiling Fan or Clamp  

 25. Ceiling Fan on strut Between Beams  

 26. Fan Regulator  

 27. Desk or Bracket Fan  

 28. Ventilator Fan (Pressure or Exhaust)  

 29. Switch (Tumbler) 
 

 30. Switch (Iron Clad)  

 31. Switch (Air Break)  

 32. Single Pendant Light.  

 33. Counter Weight Pendant Linght  

 34. Rod Pendant Light  

 35. Special Light Fitting  

 36. Single Bracket Light  

 37. Two Light Bracket  

 38. Batten Lamp Holder  

 39. Water Tight Fitting.  

 40. Light Plug  

 41. Heater Plug 
 

 42. Call Bell 
 

 
 
 



 835

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Notes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 835

 
 

NOTES 
 

Note No. 1  

METHOD OF DESIGN OF CEMENT CONCRETE MIXES  

          Usually when cement concrete mix is specified for a particular 
job, fixed proportions of cement, sand and coarse aggregate are 
mentioned, viz., a mix of 1:4:8 is specified for foundation concrete, 
1:2:4 for reinforced concrete, beams and slabs, etc. This arbitrary 
mix method has certain drawbacks as the exact strength of the 
arbitrary mix method as certain such mixes are usually 
uneconomical. For large-scale works where facilities for quality 
control are available, it is suggested that concrete of a stipulated 
strength is specified and economical mix is worked out by some 
rational method. The object of designing the concrete mix is to 
determine the most economical and practical combination of 
available aggregates cement, water and in some cases admixture 
and/or pozzolana that will produce a mixture having the required 
degree of workability and will develop the required qualities of 
durability and strength on hardening. The object of this note is to 
explain in a simple manner the method to be adopted for designing 
the concrete mix. 

          It is a well established fact that water cement ratio determines 
the strength of concrete. With given materials and ratio of mix, it is 
only the ratio of quantity of water to the quantity of cement which 
determines the strength of concrete, provided the mix is of a 
workable plasticity (i.e. the concrete thus made is capable of being 
fully compacted). The strength of concrete does not depend upon 
the type of grading of the coarse and fine aggregates provided the 
concrete produced is fully compacted and does not have any voids 
left in it. Thus the proportions of coarse and fine aggregate and their 
grading is not important from strength point of view. It is important 
only from the point of view of economy. A well graded mix will 
require less quantity of water cement paste to give proper 
compaction and specified workability. 

Average crushing strength 

          The first step in designing of concrete mix is to fix the average 
crushing strength for laboratory conditions. As the working 
conditions in the field are not as perfect as the conditions in a 
laboratory, the mix should be designed for greater strength than the 
minimum strength specified. There is always variation in actual 
laboratory conditions from ones existing in the field. We have, 
therefore, to design the concrete for greater strength in the 
laboratory so as to cover normal lapses in the field conditions. The 
relation between minimum and average crushing strengths of works 
cubes  
for different working conditions in the field are given in Table No. 1. 
For 
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 works satisfying the condition of fair control with weight batching, 
the percentage between minimum and average crushing strength 
will be 60. For a minimum crushing strength of 3,000 lbs. p.s.i., the 
average crushing strength will be 3000/0.6 = 5,000 lb. p.s.i. and the 
mix will be designed in the laboratory for an average crushing 
strength of 5,000 lbs. p.s.i. 

          The Indian Standard Code of Practice for R.C.C. work in 
buildings specifies that the crushing strength for which mix should 
be designed in the laboratory should be 1¼ times the strength 
actually required. This practice is recommended to be adopted for 
general building construction in the State wherein sufficient quality 
control can be exercised. 

Fixing Water Cement Ratio 

          The next step is to fix cement water ratio for the average 
crushing strength. This ratio can be fixed from Abrams formula 
which is given below:-  

                       14000 

S =    ------------ 

               4x 

          Where S = the average crushing strength. 

                        X = W/C ratio by volume. 

          For S = 5000 lbs./by volume. 

                    X=0.51 by volume from the above formula. 

          Water cement ratio can be fixed from this formula or it can be 
read directly from Table No. 2. While fixing the water cement ratio, 
28 days’ strength should be taken into account. The water cement 
ratio has also a bearing on the consideration of degree of exposure 
to which the concrete is to be subjected. The water cement ratio 
from this consideration is tabulated in Table No. 3. The lower of the 
two values of water cement ratio as given in Table No. 2 and Table 
No. 3 may be adopted. However, the minimum quantity of cement 
to be used in controlled concrete for R. C. C. work shall not be less 
than 12 cwt. per 100 cft. (220 kg. per cu. meter) of concrete. 

Fixing slump for the concrete mix. 

          Having    fixed  the   c/w   ratio,   we    have    to   fix   the    
workability    of    concrete   for   which   mix     is     to   be        
designed.    The    workability    and     consistency    of 
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          concrete is measured by the standard slump test. The slump for 
various working conditions has been recommended in paragraph 7 of 
specification no. 10.4 cement concrete for ordinary structures. Suitable 
slump may be chosen according to working conditions. In case of 
controlled concrete, mechanical vibrators must be used so that 
concrete with comparatively lower slump can be used and economy 
can be achieved in the use of water-cement paste. 

Fixing nominal size of coarse aggregate 

          The next step is to fix the nominal size of coarse aggregate for 
use in the concrete. The size of aggregate may be chosen according to 
the provision made in paragraph 9 of specification 3.29 for coarse 
aggregate. 

Proportion of Aggregates 

          Having fixed the water cement ratio, slump and nominal size of 
coarse aggregate, we have to determine the economical proportion for 
coarse and fine aggregates for which any of the following three 
methods may be adopted:- 

I. Fineness Modulus Method 

          The fineness modulus of coarse aggregate and fine aggregate is 
determined separately by sieving them through the following set of 
sieves and recording result as below:- 

 

Size of 
sieve 

 Weight of 
aggregate 
retained 

Weight of 
aggregate 

coarser than 

Percentage 
of material 

coarser than 

 

 1 2 3 4  

3”      

1½”      

¾”      

3/8”      

3/16”      

No. 7      

No. 14      

No. 25      

No. 50      

No. 100      

Total      
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           The total of column 4 divided by 100 will give F. M. Let 
F. M. of coarse aggregate be called A and F. M. of fine 
aggregate be called C and let the economical value of F. M. for 
combined aggregate be called B. The economical value of 
combined aggregate can be obtained  
from Table No. 4. The percentage of fine aggregate to 
combined aggregate can be worked out from the formula given 
below:- 

P = 100X___A-B___ 

                A-C 

          This will fix the proportions of fine aggregate to coarse 
aggregate. 

Determining the quantity of cement paste required 

          Having fixed the water cement ratio and the proportion 
of fine aggregate to coarse aggregate, we have now to 
determine the quantity of water cement paste to be added to 
the combined aggregate to get the required workability which 
can be tested by the slump test. An easy and  
practical method is to prepare a number of batches of 
combined aggregate in the proportion fixed and add varying 
quantities of water-cement paste having the fixed water 
cement ratio to get the required slump. To start with, the least 
quantity of water is added to the first batch. This least quantity 
of water can be determined from the following formula:- 

          0.3 X plus 0.1 Y plus 0.01 Z=W/C XX  

          Where X = quantity of cement by weight. 

          Y = quantity of fine aggregate by weight. 

          Z = quantity of coarse aggregate by weight. 

          And W/C = Water Cement ratio. 

          To    take    a    practical  example,  let   us   suppose 
F.M.  of   coarse  aggregate  to  be  6.42  and  F.M.  of  fine 
aggregate to  be  1.78. The  average   F.M.  of  combined 
aggregate   for   ¾”   size   is   4.90   according   to  Table No. 
4. Then   P = 32.7   per cent;   that  means   fine   aggregate 
should   be 32.7%   of    the    combined   aggregate    by 
weight   and   coarse   aggregate   should  be 67.3%. Taking 
50 lbs. of    coarse    aggregate, the   weight  of fine aggregate  

                    50 x 32.7 

required is --------------- = Four or five samples of combined 

                       67.3 
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          aggregate in the above proportion may be prepared by weighing. 
Let the water cement ratio be 0.51 then the minimum quantity of water 
for harsh mix is worked out as under :- 

          0.3 x plus 0.1 x 24.3 plus 0.01 x 50 = 0.51 x X = 14 lbs 

          Water required 14 X 0.51 = 7 lbs. (app). Mix 14 lbs of cement and 
7 lbs. of water with the first batch of combined aggregate and 
carry out slump test. The slump may be zero. Then add 15 lbs. 
of cement and 7½” lbs. of water with the second batch of 
combined aggregate and test the slump which may be ¼”. Go on 
increasing the quantity of cement by half a lb. and quantity of 
water by ¼” lb. till the required slump has obtained. Let us 
suppose the required slump was obtained with 15½” lbs. of 
cement and 7¾ lbs. of water. From this ratio of cement, fine 
aggregate coarse aggregate works out by weight to 15.5 : 24.3 : 
50 which is equal to 1:1. 58:3.23. This proportion can be used in 
case weight batching is done. In case mixing is to be done by 
volume, then the above proportion can be easily converted into 
proportion by volume. 

II. Optimum percentage of sand method 

          In this method, the water-cement ratio, the size of aggregate and 
slump are fixed as detailed above. Coarse and Fine aggregates are 
mixed in various arbitrary proportions and quantity of water cement 
paste required is worked out in each case to give the required slump. 
This is done as described in the above method. When the required 
slump has been obtained the quantity of concrete thus made is filled 
into steel cubes and the quantity of cement, concrete produced is 
measured. As an example, fine and coarse aggregates may be fixed in 
the proportions 25 to 75, 30 to 70 and 35 to 65.The results are recorded 
as follows:- 

 

Percent
age of 
sand 
and 
C.A. 

Weig
ht of 
C.A. 

Weig
ht of 
F.A. 

Weight 
of 
cement 
added 
to get 
1” 
slump 

Weig
ht of 
water 
adde
d 

Volum
e of 
ceme
nt 
obtain
ed 

Weight 
of 
cement 
per cft. 
Of 
concret
e 

%age 
of 
sand/C.
A. 

 

 lbs. lbs. lbs. lbs. lbs. Cft. lbs.  

25.75 45 15 11.0 5.5 0.485 22.7 33%  

30.70 42 18 11.5 5.75 0.520 23.0 43%  

35.65 39 21 12.5 6.25 0.542 23.0 54%  
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           For all these three samples, the weight of cement per cft. of 
concrete is worked out as well as the percentage of sand over the 
quantity of coarse aggregate. A graph is plotted with percentage 
of sand over the coarse aggregate as abscissa and lbs. of 
cement per cft. of concrete as ordinate. The lowest portion of this 
curve gives an optimum percentage of sand as shown in figure 
given below:- 

           

 

 

 

 

 

 

 

 

 

 

 

 

 

It shows that when the percentage of sand to coarse 
aggregate is 43, minimum quantity of cement is required to 
produce 1 cft. of concrete. This shows that this percentage of 
sand gives the minimum amount of voids and surface area in the 
concrete and gives the most economical mix. According to figures 
mentioned above, the proportion of cement : fine aggregate : 
coarse aggregate work out to 11 : 5 : 18 : 42 by weight which 
may be converted into proportion by volume if weigh batching is 
not to be done in the field. 

          III Arbitrary Method for Concrete Mix Design 

          In  this  method,  the  average  crushing  strength required  
for  laboratory  conditions,  the  net  water  cement ratio  required  
for  concrete  and  the  slump  required  for various  types  of  
sections  and  the  maximum  size  of aggregate  to  be  used  are  
determined  as  previously described.  The  approximate  sand  
and  water  contents  per cu. yd,  concrete  are  found  out  from  
Table  No 5. Necessary  adjustments  for  the  values  of  sand 
content and 
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water content are made for the variables such as water cement ratio, 
F.M. of sand, and for slump, etc. The procedure is illustrated by means of 
an example. 

          As an example, consider that a project involves an ordinary heavily 
reinforced retaining wall having a minimum thickness of 6”. The wall has 
been designed on the basis of a cube crushing strength of 4,000 lbs. per 
sq. in at 28 days. It is proposed that the concrete will be controlled very 
accurately with weigh batching and good supervision will be carried out. 
The fine aggregate available at site has F.M. of 2.65 and the specific 
gravity of coarse aggregate is 2.8 (saturated surface dry) and the specific 
gravity of sand is 2.65 (saturated surface dry). The specific gravity of 
cement is 3.15 (assumed). Proportions of trail mix using rounded coarse, 
aggregate required are:- 

                                                                          4000 x 100 
(1) Average crushing strength          = ------------------- 
                                                                      75 
                                                         = 5350, say 5400 psi 

(2) Maximum size of aggregate       = 1 inch 

                                                         = 2 inch 

(3) Water cement ratio from Table                                                 
                2 for strength of 5,400 psi.           = 0.49 

(4) From Table NO. 5, for a maxi-                                        
                mum size coarse aggregate         = 1 inch 

     Sand percentage of total aggre-                                         
                gate by absolute volume               = 41% 

Net water content per cu. yd. in lbs.   = 300. 

Adjustment due to variation in slump, water cement ratio and F.M. 
of sand etc.:- 

 

Change in condition (percent sand) Unit water content  

(a) For 0.08% decrease in W/C  - 1.6 0  

(b) For 0.1 decrease in F.M. of 
sand 

- 0.5 0  

(c) For 1” decrease of slump 0 - 3%  

            Total correction - 2.1% - 3%  

5.  Final proportions of sand and water content:-  

Sand content = 41 – 21 = 38.9%  

Water content = 300 – 3x300  = 291 lbs.  

                100   
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6.  Cement content 
      Net water content 
= ------------------------------ 
      Water cement ratio 

        291 
= ---------- - 594 lbs per cu. yd. 
      0.49 

        594 
= ---------- = 5.30 bags per cu. yd. 
      112 

            
7.  (Absolute Volume,    
          (Water plus 
cement) 
 

   water content         cement content 
= -------------------plus--------------------- 
          62.4                 specific x 62.4 
                                    gravity 

     291                       594 
= -------  plus --------------------- 
    62.4               3.15 x 62.4 

  = 4.66 plus 3.04 = 7.70 cft. per cu. yd                     
                                              of concrete 

 8.  Absolute Volume 
             total aggregate 

= 27 – 7.7 = 19.3 cft. per cu. yd. of 
                                                             concrete 

  
9.  Absolute Volume, 
            sand 

                                  Absolute volume 
= percent sand x       total aggregate 

  = 0.398 – 7.7 = 19.3 cft. cu. yd. of 
                                                             concrete 

 10.  Absolute Volume, 
          Coarse aggregate 

= Absolute volume 
    Total aggregate 

-  Absolute                                      
  Volume sand 

  = 19.3 – 19.3 = 11.8 cft. per cu. yd. of 
                                                             concrete 

 11.    Sand                        
         Cement 

= Absolute Volume x specific gravity x 62.4     
= 7.5 x 2.65 x 62.4 = 1240 lb. cu. yd. of  
                                                             concrete 

 12.  Coarse aggregate 
          content 

= 11.8 x 2.8 x 62.4 = 20.60 lbs. per cu. yd. 
                                                  of concrete 

 13. Trial mix proportions: 
       by weight  

      594          1240        2060 
= -------  :  ------------- - ---------- = 1 : 209 : 3.49 
         594            594          594 

 Say  1 : 2.1 : 3.5 
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TABLE – 1   

Estimated relation between the minimum and average crushing 
strength of work cubes for different work conditions 

 

Work conditions 

Minimum 
strength of 
percentage 
of average 

strength 

 

Very good control with weight batching, moisture   
determination of aggregates, etc. constant supervision 

75  

Fair control with weight batching 60  

Poor control on volume of aggregate 40  
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 TABLE – 2 

 Compressive strengths for various water-cement ratio (Ordinary and 
Rapid Hardening Cements) 

 Net water-Cement Ratio Probable Crushing strength, PSI 

 By weight 
Gallons per 

bag of 
cement 

Ordinary Portland Rapid hardening 
Portland 

7 days 28 days 7 days 28 days 

 0.36 4 5,600 7,300 6,800 8,400 

 0.40 4½  5,000 6,700 6,000 7,700 

 0.45 5 4,300 6,000 5,400 6,900 

 0.49 5½  3,700 5,400 4,800 6,300 

 0.54 6 3,200 4,700 4,100 5,600 

 0.58 6½  2,800 4,200 3,700 5,100 

 0.63 7 2,400 3,700 3,200 4,500 

 0.67 7½  2,100 3,300 2,900 4,100 

 0.72 8 1,800 3,000 2,600 3,600 

 0.76 8½  1,600 2,700 2,400 3,300 
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TABLE – 3   

Net water-cement ratios for various types of construction and exposure 
conditions 

 

Mild climate, rain or semi-arid and rarely snow or frost  

Type or location or structure 

Gallons per bag of cement  
Thin 

sections 
Moderate 
Sections Heavy and 

mass 
sections 

 

Rein fed 
plain  

Rein fed 
plain 

A. At the water line hydraulic or water-front 
structures or portions of such 
structures where complete saturation 
or intermittent saturation is possible, 
but continuously submerged -   

   

 

In sea water 5 5½  6  
      In fresh water 5½ 6 6½  
B. Portion of hydraulic or water front 

structures some distance from the 
water line but subject to frequent 
wetting 

   

 

By sea water 5½ 6½  7  
By fresh water 6 7 7½  

C. Ordinary exposed structure, buildings 
and portions or bridges not coming 
under above groups 

6 7 7½ 
 

D. Complete continuous sub-mergence     
In sea water 6 6½  7  
In fresh water 6½ 7  7½  

E. Ordinary exposed structure, buildings 
and portions or bridges not coming 
under above groups 

** 5½ 5½ 
 

F. Pavement slabs directly on ground -      
Wearing slabs 6 6½  **  
Base slabs 7 7 **  

G. Special case; For concrete not exposed 
to the weather such as interiors of 
buildings and portions of structures 
entirely below ground no exposure 
hazard is involved and the water-
cement ratio should be selected on the 
basis of the strength and workability 
requirements. 

--- --- --- 
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 TABLE – 4 

 Economical values of F.M. for Combined Aggregate 

 
Nominal size of coarse aggregate 

F.M. of Combined Aggregate 

Minimum Maximum 

 ¾ inch 4.7 5.1 

 1 inch 5 5.5 

 1¼ inch 5.2 5.7 

 1½ inch 5.4 5.9 

 3 inch 5.8 6.3 

 6 inch 6.5 7 

 Note: - (1) With low values of W/C ratio, higher value of F.M. be adopted 

 (2) With high values of W/C ratio, lower value of F.M. be adopted 
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TABLE – 5   

Approximate sand and water contents per cubic yard of concrete  

          Based on aggregates of average grading and physical characteristic in 
mixes having a water cement ratio of about 0.57 by weight: 3 inch slump, and 
natural sand having a F.M. about 2.75. 

 

Rounded Coarse Aggregate Angular coarse aggregate  

Maximum 
size of coarse 

aggregate 
inches 

Sand percent 
of total 

aggregate by 
absolute 
volume 

Net water 
content per 
cubic yard             

lb. 

Sand percent 
of total 

aggregate by 
absolute 
volume 

Net water 
content per 
cubic yard           

lb. 

 

½  51 335 56 360  

¾  46 310 51 335  

1 41 300 46 325  

1½  37 280 42 305  

2 34 265 39 290  

3 31 250 36 275  

6 26 220 31 245  

Adjustment of values in Table 5 for other conditions  

Changes in conditions stipulated in Table 5 

Effect on values in Table 5  

Percent 
sand** 

Unit Water 
content** 

 

Each 0.05 increase or decrease in water 
cement ratio 

±1 0  

Each 0.1 increase or decrease in F.M. of sand ±½  0  

Each 1 in. increase or decrease in slump -- ±3%  

Manufactured sand (sharp and angular) +3 +15 lb.  

For less workable concrete, as in pavements -3 -8 lb.  

          **(+) indicates an increase and (-) a decrease corresponding to the 
conditions stated in the first column. 
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 NOTE NO. 2 

 Instruction for making Reinforced Concrete Battens 

 (EXTRACT FROM P.W.D. PAPER NO. 78) 

           As the careful moulding and handling of reinforced battens and 
the correct placing of the reinforcement are important the following 
special instructions are issued. 

          2.  In addition to the reinforcement specified in Table as 
necessary to take the tensile, strain, a ¼ inch (6 mm.) diameter rod is 
to be inserted in the compression side of all battens. 

 

 

 

 

 

 

 

 

3. This rod will be placed ½ inch (13 mm.) below the upper 
edge of the batten and in order to ensure that the tension 
reinforcement also accurately placed in position, the two rods will be 
secured together by a series of vertical stirrups of loops of no. 12 
S.W.G. (2.50 mm.) soft wire spaced 12 inch (30 cm.) apart and 
twisted right round each rod as sketched below. 

 

 

 

 

 

 

 

          This will ensure that the rods are securely fastened at the correct 
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 distance before being placed in the mould. The rods will also be bound 
together at the ends with no. 16 S.W.G. (1.60 mm) wire. 

 

 

 

                                        Fig. VII (c) 

          4.  Uniformity is ensured in the shape of the stirrups and 
consequently in the spacing of the reinforcement by bending the 
stirrups round a ¼ inch (6 mm.) peg made of a short length of the 
reinforcing rods, driven into a sleeper the correct distance apart. The 
reinforcement itself can be similarly bent round steel pegs suitably 
arranged and firmly fixed in a rail the end of a joist or even in a block 
of hard wood. The end of the reinforcing rod is inserted in the place 
between pegs nos. 2 and 3 where the bend is to start (vide sketch) 
and then bent cold round five others pegs (nos. 4 to 8) while peg no. 1 
keeps the end of the rod in position. These pegs should project about 
¾ inch (20 mm.). A separate “bender” is needed for each section of 
rod. 

          5.  The moulding must be done on a carefully leveled plastered 
platform, between, planks 2 inch to 3 inch (50 mm. to 75 mm.) thick 
and placed to give a smooth surface on the inner face and also along 
the top and bottom at the exact height of the finished batten. It would 
probably pay on big job to have the top and the inner faces lined with 
metal. The ends of the moulds are filled in with distance pieces which 
keep the side planks the correct distance apart. Beyond the distance 
pieces are bolts to hold the planks together. The sketch given below 
shows how the distance pieces are screwed to opposite ends of  

 

 

 

 

the planks so that when the bolts are removed and planks are gently 
struck with wooden mallets in opposite directions as shown by the 
arrows these end blocks come away with them. If the planks used are 
not of adequate section they will be forced out in the centre when 
ramming the concrete but this can be counteracted by giving them 
lateral support.  

           6.  When a mould is ready, half an inch of concrete will be 
spread uniformly along the bottom. This can be checked by running a 
“badheli” of which the depth is 1 inch (25 mm) less than the depth of 
the mould, along the top of the mould. The reinforcement prepared as 
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described above, will then be inserted with the tension reinforcement 
upper most care being taken to see that this tension reinforcement is 
everywhere ¾ inch (20 mm) below the top of the mould. To ensure 
that the distance is correct, pairs of holes are bored in the sides of the 
mould exactly opposite one another and about two feet (60 cm) apart. 

 

 

 

 

 

 

Through these ¼ inch (6 mm) diameter pin or short piece of rod are 
inserted as shown below:- 

 

 

 

 

 

 

 

          The lower rows of holes are exactly ¾ inch (20 mm) from the 
bottom of the mould; the upper rows are at the distance necessary for 
the pins to hold the upper rod in position so that, when the concrete is 
filled in. it will have exactly ¾ inch (20mm) of concrete over it. The 
concrete is then filled in after which the pins are withdrawn while all the 
time a flat trowel (karandi) is worked up and down between the 
concrete and the side of the mould so as to ensure a good finish along 
the sides of the batten. 

          7.  When filling the mould the concrete must be well packed 
round the reinforcement, with small iron bars and trowels as well as 
being worked in along the faces of the mould, and finally it should be 
smoothed off along the top with a metal coat and the edge pressed 
down to form the level. 

  8. The batten will then be allowed to remain undisturbed for a couple 
of  hours  after  which  will  it be  found  possible  to remove the mould 
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 without disturbing the concrete. This can be done by removing the end 
bolts and gently tapping the planks as already described in paragraph 
5. Any irregularities in the exposed surfaces can then be gently 
smoothed down with a trowel and should there be any surface pitting 
(there should be done if the concrete has been carefully worked up 
against the side of the mould in the first instance) this can be filled in 
with a little sand cement mortar (2:1) and the level finally touched up 
with a special metal tool of the kind sketched below:- 

 

 

 

 

 

 

 

 

 

 

 

Made to any desired radius, the date (day and month) should then be 
scratched on the end of the finished batten. 

          9.  As each batten is finished off it should be covered carefully 
with wet gunny bags and left undisturbed for 48 hours during which 
time the gunny bags must be kept wet. The batten can then be turned 
over carefully and further touched up if necessary and again covered 
with wet gunny bags. The following day, the batten can be carefully 
tilted into a carrying sling and carried to a maturing tank with a flat 
bottom, where it should be carefully placed with the beveled (tension) 
edge downwards and left for at least four weeks to mature under 
water. 

          10.  From the above it is clear that if work to go on 
uninterruptedly the moulding platform must be large enough to take at 
least three days outturn of battens and sufficient side moulding boards 
must be prepared to ensure a full day’s output by the labour employed. 
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 NOTE NO. 3 

 Precautions to be taken to prevent cracks in Buildi ngs 

          In order to minimize cracks in buildings, the following measures 
shall be adopted subject to the approval of the Engineer-in-charge. 

 1.  Horizontal cracks in masonry and plaster at the floor or roof slab level 

 (a) A smooth bearing for R.C.C. slabs and beams on the wall with 
¼ inch (6 mm) cement plaster 1:3 (1 cement 3 fine sand) finished with a 
floating coat of neat cement shall be provided and then finished with a 
thick coat of lime wash or Kraft paper. The sides and top of slabs and 
beams in contact with walls shall be painted with thick coat of hot 
bitumen. 

(b) The slab shall not bear on full thickness of external walls. A 
gap of about 3/8 inch (10 mm) shall be kept between slab and the 
external masonry and filled with bituminous filler of impregnated fibre 
board such as shalitex of Shalimar Tar Products Ltd., or equivalent in 
case of superior buildings, and bituminous filler (80 kg. hot bitumen: 1 kg 
cement: 0.25 cubic metre coarse sand), in other buildings. The external 
masonry of wall beyond the expansion joint should not be less than 4½ 
inches (10 cm). 

(c) A similar gap of ⅜ inch (10 mm) wide shall be provided and 
filled with impregnated fibre or bituminous filler when two slabs abut 
against each other and bear on an internal wall. Such expansion joints 
should always be provided at ridges (and not in valleys). 

(d) Ceiling plaster shall be done first and then the wall plaster. 
When the ceiling plaster is done it shall be finished with a chamfered 
edge at an angle at its junction with the wall at bearings with a trowel 
while the plaster is still green. Similarly when the wall plaster is being 
done it shall be kept separate from the ceiling plaster by a thin straight 
groove drawn with a trowel at an angle with the wall, while the plaster is 
still green. 

(e) R.C.C. or plain cement concrete 1:2:4 bed plate with smooth 
surface and thick coat lime wash or laid with Kraft paper shall be 
provided under the beams. The plaster of wall and the bed plate shall be 
kept separated from that of the beam. 

 2.  Horizontal cracks at the junctions of sun shades with the wall 

          Wall plaster shall be kept separate from that of the R.C.C. sun 
shade as in Para 1 (d) above. 
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          3.  Inclined cracks in masonry and plaster on the sides of lintels.  

          (a) Flat Brick arches shall be constructed for opening up to 3½ 
feet  (1.2 metres). 

(b) R.C.C. lintels shall be allowed to dry and shrink as much as 
possible before plastering the wall. 

 

4. Vertical cracks at the bearings of R.C.C. beams or pillars  

          These cracks occur when R.C.C. beam has an expansion joint 
over the masonry pillar. These can be avoided by designing a 
continuous beam on the pillar. Where however, expansion joint in 
beams is essential a R.C.C. bed plate may be provided over the pillar 
for its full length and width. 

 

5.  Transverse cracks in R.C.C. slab in sun shades, verandahs 
and room. 

 

Expansion joints shall be allowed at 15 to 20 feet (5 to 6 metre) 
intervals in case of sun shades 40 to 45 feet (12 to 14 metres) in case 
of covered verandah slabs and 40 to 50 feet (12 to 15 metres) in case 
of slabs continuous over rooms in a row of quarters. 

 

6. To prevent cracks in the masonry, below or above the 
expansion joints, the following measures shall be taken. 

 

(a) Sun Shades:- In this case, the expansion joint shall not 
extend to the portion embedded in masonry but shall stop short of the 
face of the wall by 2 inches (5 cm.) and the distribution reinforcement in 
the embedded portion and in the 2 inch (5 cm) portion of the chajja slab 
where there is no expansion joint, shall be increased to 40 percent of 
main reinforcement. The gap of expansion joint in the projected portion 
shall not be filled with any material. 

(b) Verandah Slabs:- In this case, the expansion joint shall be a 
neat butt joint which shall be finished straight. The joint shall be carried 
right through the portion embedded in the masonry also. It is desirable 
to provide a vertical butt joint in the masonry supporting the verandah 
slab at the expansion joints right from plinth level. Where this is not 
possible R.C.C. or plain cement concrete bed plates shall be provided 
on the bearing. To prevent cracks in the masonry above, the 
longitudinal wall shall have also a butt joint with gap running in the 
same vertical plane as the joint in the slab. The gap can, in the case of 
roof slabs, be sealed by copper cradles. 

(c) Room Slabs:- In load bearing structures, expansion joint in 
room slabs shall be similar to that in verandah slabs. Where slab is 
combined with T-beams, the expansion joint shall be provided by 
substituting one of the T-beams with rectangular beam and slabs. 
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           7.  In R.C. framed structures, the expansion joint is generally 
provided in conjunction with twin beams and twin columns. The 
expansion joint shall be provided with copper cradle and its top filled 
with bituminous material. The underside of the beams shall be provided 
with sheet of asbestos or any other suitable material, which shall be 
fixed on one side and shall be free to move on the other side within oval 
shaped holes; in case of twin columns the expansion joint is similarly 
covered on the inside and outside. 

The gap between the twin columns and the gap below copper 
cradle in twin beams need not be filled with any bitumen filler but may 
be kept unfilled. Before, however, the joints are covered on the outside 
with asbestos or any other suitable sheets, the gap should be cleaned 
thoroughly of all rubbish, mortar droppings, etc. 

 8.  Cracks at the junction of new buildings with old. 

When making additions to an old building, if new masonry is 
toothed with old masonry, there is a likelihood of cracks occurring at the 
junction because of differential settlement. Toothing therefore shall be 
avoided and new masonry shall be laid with a slip joint, for thick walls. 
Where tongued and grooved joint is not possible as in 9 inch (20 cm.) 
walls, the joint shall be straight butt joint only. 

 9.  Cracks in General 

(a) Masonry work shall be proceeded systematically and uniformly 
at all levels. 

(b) The plaster work on walls shall be deferred as much as 
possible so as to let shrinkage in R.C. and masonry take place before 
plastering.  
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NOTE NO. 4  

LEAK-PROOFING OF ROOFS  

In building construction the problem of leak-proofing the roofs is a 
very important one and it is recommended that building engineers should 
pay special attention towards this aspect of building construction. Apart 
from providing leak-proofing treatment, the following precaution, if taken, 
go a long way in making any leak-proofing treatment successful:- 

 

(a) The roof surface should be given ample slope so that rain 
water does not get time to soak into the roof but is quickly 
drained off. The top of the roof must, therefore, have a slope of 
not less than 1:40. Half of this slope may be given in the roof 
structure by placing the joists, battens or even by constructing 
the R.C.C. slabs at a slope. The remaining half of the slope 
may be given in the usual earth filling and tile terracing, etc. 

(b) Sufficient number of down-pipes or water spouts may be 
provided which should not be less than one for every 400 sft.  
of roof area. Apart from the consideration of the roof area the 
placing of the outlets should be so planned that water has not 
to travel long distances over the roof to reach an outlet. If due 
to peculiar design of a building the provision of outlets at the 
rate of one per 400 sft. of roof area does not permit this 
planning, there is no harm in increasing the number of outlets. 
Additional expenditure incurred on extra outlets will be well 
paid for by preventing leakage in the roof. After planning the 
position of outlets, the roof area should be divided into portions 
which are to be drained by each outlet and the slope of that 
portion should be so arranged that every outlet has to drain 
approximately an equal area. 

(c) Wherever earth-filling is to be done over the roof, soil should 
be well graded having a P.I. of 10 to 12.5 and sand content of 
10 to 20%. The soil should be got tested for sand content and 
P.I. before selecting it for earth-filling over roofs. The practice 
of using any soil available at the site without any distinction 
should be strongly deprecated. 

 

Leak-proofing Treatments:-  Normal method of water-proofing  of 
roofs is to paint  the structural roof with 2 coats of blown bitumen  85/25 
grade applied at the rate of 34 to 54 lbs. per %sft. This method  has not 
proved   entirely  satisfactory  and  therefore,  the  following leak-proofing 
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 treatments are suggested as alternatives for roofs of various types:- 

 (i) Bituminous Felt Treatment:-  This treatment is the best one 
and has been described in details in Specification No. 13.12. 
However, this is a costly treatment and it may not be possible 
to provide it for cheaper buildings. 

(ii) Lime Concrete Terracing:-  This method has been described 
in detail in Specification No. 10.3. 

(iii) Providing Alkathene or Polythene layers:-  Alkathene and 
Polythene films are being manufactured in India for water-
proofing purposes in general building construction. This 
material is chemically inert, impervious to water and contains 
no plasticizer and is claimed to have an indefinite life when 
protected from direct sun-light. These films are being 
manufactured in thicknesses ranging from 0.001f inch to 
0.007 inch. The thickness suitable for water-proofing of roofs 
is 0.004 inch. 

           The top of structural roof is covered with 1 inch thick layer of fine 
sand to serve as a cushion for the film. Over this sand layer, is laid a 
single film of Alkathene or Polythene 0.004 inch thick. The ends of the 
film are taken along the parapet and tucked into masonry of the parapet 
for a depth of 3 inches. The film is taken along the parapet for the full 
depth of mud and mud plaster. Another 1 inch layer of fine sand is laid 
over the film over which is given the usual mud phaska and tile terracing 
treatment. 

Alkathene and Polythene films are available in widths up to 72 
inches. Before actual installation of the film layer, it may be 
prefabricated to the desired area either by heat-sealing or by 
overlapping two layers with 3 inch overlaps. Heat sealing can be done 
with the help of an ordinary iron used for ironing of clothes. When 
overlapping method is used, joints can be strengthened by using an 
adhesive tape. The Fig. No. 1 given on the next page shows the method 
of folding the overlaps. 

 (iv) Treatment with Soap Solution over Brick Tile Roofs: - In 
case of first class and second class mud roofing, the ordinary 
water proofing consisting of two coats of bitumen painting 
over ¼ inch thick cement sand plaster 1:4 should be replaced 
by the following specifications:- 

After the tiles have been laid, they should be covered by ½ an 
inch thick cement sand plaster 1:4 mixed with 2% soap 
solution. Soap solution can be prepared by dissolving 
ordinary  sunlight  soap  at  the  rate  of  2%  by  weight  of 
water. This  soap  solution  should  be  used  for  making  the  
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    Fig No. 1 

cement sand mortar instead of ordinary water. cement 
plastering when done with this soap solution develops 
excellent water proofing properly and proves much more 
effective than two coats of bitumen. This plaster should also be 
done on the side of the parapet against which the mud and 
mud plaster abut. 

Where tile terracing is provided on roofs soap solution can also be 
used in making cement sand slurry with which the joints in the 
tile terracing are grouted. If pointing is done on tile terrace the 
mortar pointing should also be prepared with soap solution. 

Sometimes moisture penetrates from the parapets into wall below 
the roof and wetness becomes visible form inside the rooms. 
To guard against this, the last 4 courses of the outer-walls may 
be constructed with cement sand mortar mixed with soap 
solution. 
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 Soap Solution treatment on R.C.C. Slabs:-  In the normal 
specifications, the top of R.C.C. slabs are jointed with two coats of 
bitumen before laying mud and mud plaster with or without tile terracing. 
Instead of this treatment the top surface of the R.C.C. slab should be 
treated with 10 to 15% concentration of soap solution while the work is 
yet green. Normally 200 grams of soap dissolved in suitable quantity of 
water to give a fluid solution may be sprinkled over the top surface of the 
slab and rubbed over it. This treatment will give better results than 
ordinary bitumen painting and will prove to the cheaper.  

 Water-proof Mud Plaster:- In case of cheap buildings water proof 
mud plaster has also proved very effective. This treatment is described 
briefly below:- 

Mud plaster is prepared in ordinary way by mixing graded soil 
having sand content 35 to 40% with ‘bhusa’ at the rate of two 
seers per cft. of soil and with sufficient quantity of water. this 
mixture is allowed to rot for about a week and is worked every 
day with shades and labourers feet. A special emulsion is then 
locally prepared by mixing 80 parts of bitumen grade 80/100 
with20 parts of kerosene oil. To this is added paraffin wax at 
the rate 1% of the weight of bitumen and kerosene oil. This 
emulsion is prepared on slow fire and is added to the mud 
mortar at the rate of 8 gallons per 25 cft. of mortar. The whole 
thing is mixed by spades and labourers feet so that a uniform 
plastic mixture is obtained. This mortar is then applied in an 
ordinary manner to proper slope under careful supervision. The 
surface of the mud layer being sprinkled with water before 
applying the mud plaster. The mud plaster is lightly sprinkled 
with water for about a week to slow down the rate of drying 
during hot season. When the mud plaster has dried gobri is 
applied on its top. Gobri is prepared with75% soil and 25% 
gobri to which is added cut-back at the rate of 5% by weight of 
sol and gobri. Gobri leeping is done only when the mud plaster 
is not to be covered with the tile terracing. In case it is to be 
covered with tile terracing gobri leeping is not required to be 
done. 

 Treatment of Expansion Joints:- Expansion joints can be of two 
types - firstly those occurring on a brick wall and secondly those which 
are not supported on any wall. The construction of both the types is 
similar except that in latter case copper sheet is inserted in the slab as 
shown in Fig. No. 2 to contain the hot pour between the two adjacent 
slabs. The  ends  of  the  slabs  are  thickened in a width of 3 inch with a  
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gap of 0.6 inch per hundred feet length or less. The corner between the 
thickness portion and the slab is splayed with a rise of 3 inches in a width 

 

 

 

 

 

 

 

Fig. 2: Unsupported Expansion Joint 

of 2 inches. The height of the thickened portion of the slab is so adjusted 
that is becomes flush with the top of mud plaster. If tile terracing is to be 
done, it shall cover the thickened portion of the slab with a joint coming 
vertically on top of the expansion joint and filled with bituminous hot pour. 

          After the slab has cured and dried and before starting mud filling, 
the gap between two slabs should be dried and cleaned of all dust and 
then filled with hot pour which is specially manufactured by firms like 
Shalimar Tar and is available under the trade name of Expansion Jointing 
Compound or Bituminous Hot Pour. A coat of bitumen is given is given 
on the expansion joint and on the slab up to a width of 18 inches on 
either side of the expansion joint. A layer of bitumen felt is laid starting 
from a distance of 18 inches from one side of the joint and covering the 
thickened portion of slab on the other side. The second layer is similarly 
started from a distance of 18 inches on the other side of the expansion 
joint and is finished at the thicked end of the first slab (This is clearly 
shown in the Fig. No. 3). The thickened portion of both the slabs is then 
covered by third layer of bituminous felt. This treatment gives a perfect 
water proofing treatment to the expansion joint and is not damaged by 
the expansion and contraction of the R.C.C. slabs due to temperature 
variation. Where, however, the complete roof is being covered with 
bituminous felt the first two layers shall be  the continuation from the 
bituminous felt from either side of the expansion joint and a third extra 
layer shall be provided to cover the overlaps of the first two layers as 
shown in the Fig. No. 2. 

In case of cheap buildings instead of giving three layers of 
bituminous felt, only layer can be laid which should extend up to the width 
of 18 inches of each side of the expansion joint. In certain cases still 
cheaper  treatment  can  be  provided  by  covering  thickened  portion  of  
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Fig. 4: Treatment At Ends of Roof Slabs 

 

the slabs with galvanised G.I. plain sheet 24 gauge. This sheet can be 
bent to slightly greater width than the thickened portion of the slabs so 
that a margin for expansion and contraction is available. Where no tile 
terracing is provided and the thickened portion of the slab is finished flush 
with mud and mud plaster, the bituminous felt shall be covered with pea 
size gravel to prevent drainage of the felt. 

          Treatment of Junction of Roof and the Wall:-  In case of R.C.C. 
slabs it is better to provide 3 inch thick dowel monolithic with the slab 
where it bears on the end wall as shown in fig. No. 4. The height of the 
dowel should be such that it projects 9 inches above the top of the slab. 
A 3 inch x 3 inch splay should be provided at the junction of the slab and 
the dowel to permit of water proofing treatment. While constructing the 
masonry in parapet walls a clear gap of at least ⅜ inch (10 mm) should 
be kept to allow the expansion of the slab. This gap should be filled with 
usual hot pour. This bearing of the slab on the wall should be finished 
with plaster and covered with G.I. plain sheet of 24 gauge which should 
be oiled before laying the concrete. Where the thickness of the parapet is 
less than the thickness of the wall below, the monolithic dowel should be 
covered with a brick drip-course as shown in Fig. No. 5. 

In case of brick tile roof a concrete block should be made at the 
junction of the roof with the parapet wall and covered with drip-course as 
shown in Fig. No. 6. 
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Fig. No. 5: Treatment at Ends of Roof Slab 

 

 

 



 863

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                    Fig. 6: Arrangement Of Water Proofing 
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 NOTE NO. 5 

 DURABLE DAIRY AND GHEE FACTORY FLOORS 

           The lactic acid found in some milk products reacts un-favourably 
with concrete. The rate of attack will depend upon the quality of the 
concrete, but in the case of dense floor finish, the reaction is very slow. 
Complete immunity from acid action may be obtained by using one of 
the following surface treatments. Irrespective of which method is used, 
the concrete floor is first allowed to dry out thoroughly at the end of the 
curing period before proceeding with the acid-proofing. 

The simpler treatment of the two consists in applying warm linseed 
oil to the floor and working it around with a mop or brush. In order to 
facilitate penetration into the concrete the oil should be thin. No attempt 
need be made to build up a surface film. All excess oil on top may be 
removed with a squeegee before the oil begins to get tacky. When 
properly applied the oil will effectively seal the floor surface. 

The other treatment consists in applying a paraffin mixture to the 
surface of the floor. Experience has shown that the paraffin should have 
a melting point of 150o F. It is made into a paste by melting 4 parts by 
weight with 1 part of turpentine and 16 parts of toloul. Toloul is a 
common solvent obtained from coal tar, and may be purchased from 
any chemical supply house or wholesale druggist. The mixture is spread 
on the floor and allowed to penetrate for 24 hours. At the ends of this 
time the residual layer should be driven into the concrete by heat. A free 
flame should not be used due to fire hazards; hot irons will be found 
safe and effective in forcing the paraffin into the pores and capillaries of 
the finish for some distance below the surface. 

After either treatment, the floor should be given a good waxing 
with any standard floor wax suited for this purpose. As the wax film is 
worn away through use, it is replaced by a fresh coating with the use of 
a polishing, machine. Neither of these methods of acid proofing 
creamery floors will change the colour of the finish appreciably. 

Concrete floor finish in receiving rooms and unloading platform of 
creameries may be made resistant to impact by embedding correctly 
designed steel grating  in  the  floor  in  such  as  way  that  the  top  of 
the  metal is flush  with  the wearing  surface. Grating consisting of strip 
of steel held together by rivets or  by  tie  rods, should  be  placed  on 
the  concrete  base  before  it  has  hardened. The   concrete   should  
be  stiff enough  so  that  the  grating  will  be  held  true  to  grade  and  
will not  sink   into   the  base. Spaces  in   the   grating   should be  filled  
with   the  same   quality  of concrete  as  that  used   in   the  rest  of  
the   wearing  course. Particular  care  should  be  taken   in  placing  the  
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          concrete between the metal strips of the grating so as to surround 
all metal surfaces. Tapping of the metal with a mallet will help to secure 
good bond by making the concrete compact into all corners. The 
concrete is then trowelled to hard finish in the usual way, with the added 
precaution that the entire top surface of every bar in the grating be kept 
exposed. 
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 NOTE NO. 6 

 DEPTH OF SCOUR AND SECTION OF STONE APRONS                       

(From Central Board of Irrigation Publication No. 12 “D esign of                        
Weirs on Permeable Foundations”*) 

 According to Lacey Formula the depth of scour is given by  

R = 0.9 (q2/f) ⅓                                                          (i) 

        Where  R = depth of scour, 

                    q = discharge per foot run, ends of impervious floor 
                              (outside the piers), 

        and         f =  Lecey’s silt factor 

         The Lacey formula has been accepted in preference to that of 
Kennedy as the former is hydro dynamically more rational and takes 
note of different grades of bed material. 

The values of R for the different values of q and f can be obtained 
from tables. The values of f can be obtained from Lacey’s formula 
connecting Q, slope and f. The total discharge and slope at that 
discharge for any site can be observed and therefore f can be 
determined. 

The relationship is given by 

         1            f ⅝  
S = -------- x  --------- 
      1788        Q 1/6  

Where S = slope, 

            F = silt factor 

and      Q = Total discharge 

This formula can be re-written in terms of q the discharge per foot 
run for: 

            Pw = 8/3 √Q 

            Q = Pw x q = 8/3 √Q x q. (This applies where width is large 
                                                               compared to depth). 

or         √Q = 8/3 q, so that  

                    1          1            ( f5 )⅓                        1            ( f5 )⅓ 
           S = -------  -----------   -----------     =   ---------    ----------- 
                  1788     (8/3)⅓       (q)                  2480        (q) 

 

* Design of weirs on permeable foundations by R.B.A.N. Khoals. Dr. 
N.K. Bose and Dr. E. Mckanzine Taylor 
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          The length and depths of pervious protections to the pacca floor will 
now be considered in relation to flood scour. 

According to Spring* the quantity of stone in the aprons should be 
sufficient to afford approximately 3 feet cover over a slope of 2:1 below the 
level at which the apron is originally laid to the bottom of the deepest scour 
that is likely to occur at the particular locality. 

 

 

 

 

 

 

 

 

 

Fig I: Weir And Guide Bank Aprons 

If T be the thickness of stone on the slope (see Figure I), the depth 
of covering over the slope made by the falling apron due to scour should 
according to Spring be 1.24 T. In the Punjab weirs, T is generally 2.5’ so 
that 1.24 T – 3.1 feet. 

The following tables given the thickness of stone pitching necessary 
to protect sand surfaces for various grades of sands  and slopes of rivers. 

 

Fall per mile in inches 3 9 12 18 24  

Sand Classification Thickness of Stone Pitching in inches  

Very coarse 16 19 22 25 28  

Coarse 22 25 2 318 34  

Medium 28 31 34 37 40  

Fine 34 37 40 43 46  

Very fine 40 43 46 49 52  

“By the hand packing and careful gradation of the stone, that is by 
keeping the smaller stuff, such as quarry refuse or even bricks next to the 
sand and the large 80 to 160 lb. stone for the outside, these thicknesses 
may perhaps be safely reduced by 6” to 9” all round”. According to Spring 
the design of apron should be based on the unreduced thickness of the 
slope stone and that any reduction due to graded packing should be  

------------------------------------------------------------------------------------------------- 
* Technical Paper No. 153 Government of India Training and Control on 
Guide Bank System F.J.E. Spring, C.I.E. 
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 confined to the slope stone only. The gradation of stone will be as 
desirable in the aprons as it is on the slopes, as by this means, the 
suction of sand from between the interstices of stones, by the high 
velocity jets, will be reduced to a minimum. 

          Now, if D be the depth of scour below the level at which the apron 
stone is laid, the length of sand face to be covered on a slope of 2:1 will 
by √5D = 2.23 D. 

The necessary quantity of stone per foot run will be  

             3.1 x 2.26 D = 6.93, D say 7 D                                      (ii) 

Before attempting to determine values of D, it will be desirable to 
decide the class of scour that is likely to be met with at different places 
along the weir and guide banks. The following values are offered as a 
provisional guide which may have to be modified subsequently as a 
result of more exact knowledge. 

 Depth of scour for Design of Aprons 

 Locality Range Mean 

 1. Upstream of Pacca floor 1.25 R to 1.75 R 1.5 R 

 2. Down stream of Pacca floor 1.75 R to 2.25 R 2.0 R 

 3. Noses of Guide Banks 2.00 R to 2.25 R 2.25 R 

 4. Transition from Nose to Straight 1.25 R to 1.75 R 1.5 R 

 5. Straight reaches of Guide Banks 1.0 R to 1. 5 R 1.25 R 

 The value of R is calculated on the normal discharge per foot run 
at the section concerned, without allowing for any concentration of flow. 
If the usual 20 percent is allowed for concentration, the above 
coefficients will need to be reduced correspondingly. 

The values of D can now be determined from  

            D – XR – (High flood level – floor level) = XR – Y  

where X is the multiplier in the above table, and R is given by 
equation… (i) 

At the upstream end of further protection of blocks over loose 
stone should be given so as to protect the soil adjoining the upstream 
end of the pacca floor. The length of this protection should be nearly 
equal to D and the thickness the same as that of the stone apron at this 
end. It is generally 4 feet in the major Punjab weirs and consists of 2 
feet deep concrete blocks over 2 feet of graded stone. 
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          At the downstream end, there should be an area of inverted filter of 
length equal to 1.5 D to 2 D and depth equal to that of the downstream 
stone apron. This should be made up of deep blocks (3 to 4 feet) over 2 
feet of graded filter bed made up to fine bajri laid over the sand of the bed. 
Wide shallow blocks are apt to carried away by the current of water. Deep 
blocks get wedged in and resist dislocation. The interstices between the 
blocks are filled up with bajri. 

The total quantity of material per foot run in the pervious protections 
upstream and downstream, comprising the loose stone, blocks and 
inverted filter sections, may suitably be equal to 10 D as against 7 D for the 
loose stone protection only. 

The upstream block protection and the downstream filter area are 
meant to be immovable. They are flexible and are supposed to adjust 
themselves to slight subsidence but they are not intended to fall in the 
same way as the loose aprons. Whenever these protections are damaged 
they should be made good at once. Their existence, in fact, will be definite 
safeguard against any damage to pacca floor. 
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 NOTE NO. 7 

 USE OF KILN – Seasoned Timber 

 When kiln seasoned timber is being used, the maximum permissible 
limit of moisture content before it is wrought shall not exceed the following 
figures:- 

  Maximum permissible 
moisture content 

 1. Beams and rafters 14 

 2. Doors and windows –  
(a) two inches (50 mm) and above in thickness 
(b) thinner than 2 inches (50 mm) 

 
12 
12 

 3. Flooring  10 

 4. Furniture and cabinet making 12 

 The above limits shall not apply to timber intended for centering, 
shoring or, form work. 

The moisture content in the timber shall be checked in the field by 
electronic instruments base on resistance or dielectric measurements. These 
electronic instruments shall be suitably calibrated for moisture content for 
specific species of timber by the standard method given in I.S. 287 and 
reproduced in annexure 884. A very rough guide for the moisture content 
may be exercised by weighing samples and comparing the weight per unit 
volume with the values given in the following table. The values given are 
average values and do not cater for local variations, which depend upon the 
locality of extraction of timber. These values are, therefore, not quite reliable 
and normally the electronic method shall be employed for determining the 
moisture content. 

 

Serial 
No. Name of timber 

Approximate weight of timber with 
moisture content of 12 percent 

Non-metric units 
(lbs. per cft. 

Metric units 
(kilograms for cubic 
metre) 

 1 Deodar 35 56 

 2 Teak 40 64 

 3 Sal 55 88 

 4 Kail 32 51 

 5 Chir 37 59 

 6 Shisham 48 77 
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          In all cases of doubt in the mind of Executive Engineer the standard 
method for determination of moisture content given in Para 4 of Indian 
Standard: 287, reproduced as annexure shall be followed. 

If kiln-seasoned timber is used, the dimensions as given in the 
following table regarding joinery work shall be adopted. Since the wood is 
seasoned, the joinery sections like chowkat, etc., have been slightly 
reduced. The saving on account of reduced sections will be offset by the 
cost of kiln-seasoning, extra carriage to seasoning kiln, etc. 
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ANNEXURE   

          Determination of Moisture Content  

Para 4 of Indian Standard 287 is reproduced below: 

The percentage moisture content of timber is based on the over-dry 
weight of wood, and shall be calculated as follows:- 

                                                  W1 – Wo 
          Percentage of moisture ---------------- x 100 
                                                       Wo 

Where  W1 = original weight; and 

             Wo = oven-dry weight 

For the determination of moisture content according to the formula 
given above an adequate number of representative sections of wood of 
suitable size depending upon the type of store, but not less than three, 
shall be taken at random, and each accurately weighed (W1). They shall be 
dried in an oven at a temperature of 100o to 105o C till the dry weight of 
each is constant (Wo). Care should be taken to prevent changes in 
moisture content between the cutting of the section and the first weighing, 
or between removal from the oven and subsequent weighing. 

Increases where a sample cannot be obtained in the manner 
described above, it shall be obtained by the use of an auger or bit boring to 
a depth of half the thickness of the piece, the borings being collected in a 
proper receptacle to guard against moisture loss before they are weighed. 
The borings shall be dried in an oven in the manner described above till a 
constant dry weight is attained. 
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 NOTE NO. 8 

 TERMITE SHIELDS 

 Termite shields may be provided in localities infested with termites 
where untreated timber is being used. Termite shields shall be fixed all round 
the top of the masonry foundations and below woodwork. They shall be fixed 
in the manner shown in figure below: 

  

 

 

 

 

 

 

 

Fig.: Termite Shield 

 The termite shield shall be constructed of copper sheet not less than 
1/56 inch (0.45 mm.) thick. The width of the shield clear of the bends at either 
edge shall be such as to allow a clear space of at least 2 inches (5 cms) 
between these edges and the wall or pillar on which the shield is placed. The 
bent portions at either edge of the shield shall extend at least 2 inches (5 
cms) away from their junctions and the bend shall be at an angle of 45o. 
Where more than one length of sheet is to be used or where junctions are to 
be made as at walls, corners, etc., all the joints shall be carefully soldered so 
that there is no possibility of termites being able to gain entry through breaks 
in the constructions. Preferably a lap of 1 inch (2.5 cm.) shall be provided for 
the joints. 
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NOTE NO. 9  

SUGGESTED SPECIFICATIONS FOR CONSTRUCTION OR 
RECONSTRUCTION OF ROADS IN WATER-LOGGED AREAS 

(Drafted by Shri S. R. Mehra, Director, Central Roa d Research 
Institute, New Delhi) 

 

(a) The existing sub-grade should be levelled and rolled. 

(b) A loose 4½ inches thickness of soil free from sodium sulphate 
should be spread over it in moist condition and rolled with 
ordinary power roller, while it is still moist, but not wet. 

(c) Shell Primer No. 2(30% Mexphalte 80/100 plus 70% Diesel oil) 
should be warmed up to 100o F, if necessary, and spread over 
the hot surface at the rate of 40 lbs. per 100 sq.ft.  in two 
independent spreading’s and allowed to soak down each time. 

(d) Immediately above the shell primer, a 6 inches loose thickness 
of sulphate-free base course soil should be compacted with 
sheep foot roller at optimum moisture. 

(e) Over this, the ordinary specification could then be used with new 
materials or in the case of old roads, with the existing bricks and 
metal plus any additional quantities necessary, after getting rid of 
the visible sulphate. 

(f) The sides of the trench should be treated with primer in the same 
way as the top of the sub-grade. 

(g) Surface treatment should be done with a least three reasonably 
heavy coats. 

(h) A brick on end should be used on the sides. 
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 NOTE NO. 10 

 WIND PRESSURE TO BE CONSIDERED FOR DESIGN OF STRUCTURES 

 The basic equivalent pressure in the windward direction depends upon 
the height of the building above the general ground level and the degree of 
exposure. Local authorities will need to determine the degree of exposure 
appropriate to the area within their jurisdiction having regard to local 
meteorological records. As a general guide the basic wind pressures in 
pounds will be taken as given in table:- 

 TABLE (a) 

 Wind velocities and wind pressures 
 H V P 

 0 50 8 

 10 60 12 

 20 67 15 
 30 72 18 

 40 77 20 

 50 80 22 
 60 83 23 

 70 86 25 

 80 88 26 

 90 90 28 

 100 92 29 

 125 96 31 

 150 100 34 
 175 102 36 

 200 105 38 

 250 109 41 
 300 113 43 

 350 16 46 

 400 119 48 

           Where –  

H – the height in feet of the exposed surface above the mean retarding 
surface. 

In case of sloping roofs the height ‘H’ shall be measured to a point half-
way between the caves and ridge level of the roof. 
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V-Horizontal velocity of wind in miles per hour at height H  

P-total horizontal effect of wind in lb. per sq. ft. which is made up of 
pressure on windward surface and suction on the reward surface in equal 
proportions.  

Notes.-(1) For conversion from feet to metres, multiply by  0.3048.  

(2) For conversion from miles per hour kilometer per hour multiply by 

      1.6093.  

(3) For conversions from lb per square foot to kg. per square meters, 
               multiply by 4.8824. 

A building and its foundations shall be designed to resist the 
combined effects as well as separate effects of the imposed loads and 
wind loads on vertical surfaces and the wind loads on roofs and on any 
part of the building above the general roof level, having due regard to the 
internal pressure.  

A surface inclined at 70° or more to the horizontal  shall be deemed to 
be vertical.  

The walls of the buildings should be sufficiently strong to resist a total 
pressure outwards or inwards, of 0.7 p. for normal openings, but ‘p' for very 
large openings.  

For flat and pitched roofs, the wind pressure :and sections shall be 
found by multiplying the unit pressure ‘p’ given in table-(a) by the factor -
given in table (b) a negative factor denoting suction.  

 

TABLE (b)  
Wind Pressure on Roofs (Wind Normal to Eaves)  

Slope of roof on windward side 
External widths pressures  

Windward slope Leeward slope**  
0o - 1.00p - 0.75p  

10o - 0.70p - 0.50p  
20o - 0.40p - 0.45p  
30o - 0.10p - 0.45p  
40o Plus 0.10p - 0.45p  
50o Plus 0.30p - 0.45p  
60o Plus 0.40p - 0.45p  
70o Plus 0.50p - 0.45p  
80o Plus 0.50p - 0.45p  
90o Plus 0.50p - 0.50p  

*The wind pressures to be assumed over intermediate roof slopes may be 
interpolated linearly.  

** Windward and leeward halves in the case of a flat roof.  

 



 880

 

 In case of sheet roofs, the roof shall be designed for a minimum 
wind pressure of 10 p.s. f. (0.5 x 102 Kg./m2) on the windward side and a 
minimum suction of 10 p.s. f. on the leeward sides. Structures shall also 
be checked for a minimum uplift of 10 lb. per sq. ft. on the whole area 
where necessary  

In multi span roofs of the spans, heights and slopes and 
approximately the same and in which the windward span gives shelter to 
the succeeding spans, the spans being adjacent the following reduction 
of wind pressure shall be taken calculating the horizontal zone on the 
structure:- 

(a) on the span adjoining the windward span           50 per cent. 

(b) on the next span                                                 75 per cent. 

(c) on the remaining span                                         87½  per cent. 

Wind pressures on structures of various shapes on plans chimney 
shafts on buildings, projection. Projection above the roof level-for 
structures of various plan shapes other than rectangular plan shape, the 
external pressures shall be computed in table (a) for wind pressures 
multiplied by the factors given in table (b).  

 TABLE (c) 

SHAPE (IN PLAN) FACTORS 

Plan shape of the Structure 
Factor 

Ratio of Height to Base Width 

 0 – 4 4 – 8 8 or over 

Circular 0.7 0.7 0.7 

Octagonal I 0.8 0.9 1.0 

Square (Wind perpendicular to diagonal) 0.8 0.9 1.0 

Square (Wind perpendicular to face) 1.0 1.15 1.3 

 Note,— In the case of square plan shapes, the stability of the 
structure shall be tested in both cases, viz. when wind 
blows perpendicular to the diagonal and when it blows 
perpendicular to the face.  
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TABLE No. I BASIC UNITS AND CONVERSION FACTORS 

(a) Length  

 

TABLE-BASIC UNITS OF LENGTH  

British Units Metric Units  

12 inches = 1 foot 10 millimeters (mm) = 1 centimetre (cm.)  
3 feet = 1 yard 10 centimetres = 1 decimetre  
220 yards =1 furlong 10 decimetres = 1 metre                                                         

=(1 m=100 cm) = 1000 mm.) 
 

8 furlongs = I mile    
  10 metres = I dekametre  
  10 dekametres = I hectometre  

  10 hectometres = 1 kilometre                                 
   (1 km. = 1000 m.) 

 

Conversion Factors  

1  inch = 25.4 mllimetres (exact)  

1  foot = 30.48 centimetres (exact)  
1  yard = 0.9144 metre (exact)  
1  mile = 1.609344 kilometres (exact)  
1  centimetre = 0.393701 inch.  
1  metre = 1.09361 yards  
1  Kilometre = 0.62137 mile  

          (b) Area  

TABLE BASIC UNITS OF AREA  

British Units Metric Units.  

144 square inches = 1 squarefoot 100 square milimetres 
(sq.mm.) 

= 1 square centimetres 
(sq.cm.) 

 

9 square feet) =. I. square yard 100 square centimetres = 1 square decimetre  

4840 square yards = 1 acre 100 square decimetres 1 square metre                      
(1 sq.m. 10000 sq. cm.)  

 

640 acres = I square mile 100 square metres = 1 acre or 1 square 
    dekametre 

 

  100 acres 
=1 hectare or 1 square 
    Hectometers                            
    (1 ha.=10000 sq.m.) 

 

  100 hectares =1 square kilometre  
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 British Unit Metric Units 

 1 square inch. = 6.4516 square centimetres (exact.) 
 1 square foot = 9.2903 square decimeters 
 1 square yard = 0.83613 square metre 
 1 acre = 0.404686 hectare 
 1 square mile = 2.58999 square kilometres 
 1 square centimetre = 0.15500 square inch. 
 1 square metre = 1.19599 square yards 
 1 hectare = 2.47105 acres 
 1 square kilometre = 0.386101 square mile 

 TABLE NO. 1 

          (c) Weight 

 TABLE:  BASIC UNITS OF WEIGLT 

 British Units Metric Units Indian Units 

 16 drams = 1 ounce 10 miligrams 
         (mg) 

= 1 centigram 80 tolas =1 seer 

 16 ounce =1 pound (mg.)   40 seers =1 maund 

 28 pounds = 1 quarter 10 centigrams = 1 decigram   

 4 quarters = 1 hundred 
    weight 

10 decigrams = 1 gram (1g= 
          1000mg) 

  

 20 hundred 
weights 

= 1 ton 10 grams = 1 dekagram   

   10 dekagrams` = 1 kilogram 
(1kg = 1000g.) 

  

   10 kilograms 1 microgram   

   10 myriograms 1 quintal   

   10 quintals 1 metric tonne                
(1 
tonne=1000kg) 

  

 Conversion factors 

 1 gram = 0.0352740 ounce = 0.085735 tola 

 1 kilogram = 2.20462 pounds = 1.07169 seers 

 1 metric tonne = 0.98420 ton = 26.7923 maunds 

 1 ounce = 28.3435 grams = 1 tola = 11.6638 grams 

 1 pound = 0.4535924 kilogram = 1 seer = 0.93310 kilogram 

 1 ton = 1.01605 metric tones = 1 maund = 0.373242 quintal 

  9 pounds = 350 tolas (exact.) 
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           (d) Capacity 

 TABLE:  BASIC UNITS OF CAPACITY 

 British Units Metric Units 

 4 gills = 1 pint 10 milliliters (ml.) = 1 centilitre  

 2 pins = 1 quart 10 centilitres = 1 decilitre 

 1 quarts = 1 gallon 
    (lmp.) 

10 decilitres = 1 litre                                
   (1 litre = 1000 ml.) 

   10 litres = 1 dekalitre 

   10 dekalitres = 1 hectolitre 

   10 hectolitres = 1 kilolitre 

 Conversion factors 

 1 pint = 0.56824 litre 

 1 quart = 1.13649 litres 

 1 gallon 
(IMP) 

= 4.54596 litres 

 1 litre = 1.75980 pints 

 1 litre = 0.87990 quart 

 1 litre = 0.219976 gallon (Imp.) 

          Note:- In addition to Imperial gallon, gallon as recognised in the 
United States was also used in India. The conversion factors for 
gallons (US) to litres and gallons (Imp) are:- 

 1 gallon (US) = 3.78533 litres 

= 0.83268 gallon (Imp) 

 



 884

 

T
A

B
LE

 N
O

. 2
 

N
on

-m
et

ric
 

w
ei

gh
t 

pe
r 

S
q.

ft.
 

S
q.

ft.
 

cu
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

 

cu
. f

t. 

lb
. 

2.
41

 to
 2

.6
8 

2.
9 

to
 3

.2
 

69
  

10
0 

to
 1

20
  

11
0 

to
 1

15
  

75
 

63
  90
 

84
  

11
0 

to
 1

35
 

14
0 

to
 1

50
 

 

14
4 

to
 1

54
 

N
om

in
al

 
si

ze
 o

r 
th

ic
kn

es
s 

in
 in

ch
es

 
or

  
S

.W
.G

. 
N

o.
 

N
o.

 4
 

N
o.

 2
 

--
  --
 

--
 

--
 

--
  --
 

--
  --
 

--
  --
 

M
et

ric
 W

ei
gh

t 

P
er

 

S
q.

m
. 

S
q.

m
. 

cu
. m

. 

 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

 

cu
. m

. 

cu
. m

. 

 

cu
. m

. 

cu
. m

. 

 

cu
. m

. 

K
g.

 

12
 to

 1
3.

3 
 

14
.1

 to
 1

5.
5 

11
10

 

 

16
00

 to
 1

92
0 

17
60

 to
 1

84
0 

12
00

 

10
10

 

 

14
40

 

13
50

 

 

17
60

 to
 2

16
0 

22
40

 to
 2

40
0 

 

23
10

 to
 2

47
0 

N
om

in
al

 s
iz

e 
or

 
th

ic
kn

es
s 

m
m

. 

6 7 --
  --
 

--
 

--
 

--
  --
 

--
  --
 

--
  --
 

M
at

er
ia

l 

  A
sb

es
to

s 
ce

m
en

t s
he

et
in

g 
C

or
ru

ga
te

d 
(1

45
 

m
m

. o
r 

66
 p

itc
h)

 

 A
sp

ha
lt 

B
ric

ks
 

C
om

m
on

 b
ur

nt
 c

la
y 

br
ic

ks
 

P
re

ss
ed

 B
ric

ks
 

B
ric

ks
 c

hi
ps

 a
nd

 b
ro

ke
n 

br
ic

ks
 

B
ric

k 
du

st
 (

S
ur

kh
i) 

C
em

en
t  

O
rd

in
ar

y 
an

d 
A

lu
m

in
ou

s 

R
ap

id
 h

ar
de

ni
ng

 

C
em

en
t c

on
cr

et
e,

 p
la

in
 w

ith
 

B
ric

k 
ag

gr
eg

at
e 

S
an

d 
an

d 
gr

av
el

 o
r 

cr
us

he
d 

na
tu

ra
l s

to
ne

 

C
em

en
t c

on
cr

et
e,

 R
ei

nf
or

ce
d 

w
ith

 s
an

d 
an

d 
gr

av
el

 o
r 

cr
us

he
d 

na
tu

ra
l s

to
ne

 a
gg

re
ga

te
 

W
ith

 1
 p

er
ce

nt
 s

te
el

 

S
. N

o.
 

  1.
  2.
 

3.
   4.
 

5.
 

6.
   7.
   8.
  

 



 885

 

cu
. f

t. 

cu
. f

t. 

sq
. f

t. 

sq
. f

t. 

sq
. f

t. 

sq
. f

t. 

sq
. f

t. 

sq
. f

t. 

cu
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

sq
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

14
8 

to
 1

58
 

16
0 

to
 1

70
 

0.
65

 

1.
04

 

1.
37

 

1.
66

 

2.
08

 

3.
52

 

15
5 

to
 1

70
 

 

80
 to

 9
0 

55
 to

 6
5 

36
 to

 4
0 

50
 

74
 

64
  

10
0 

to
 1

15
 

13
0  

13
0 

11
0 

0.
14

 

 

10
0 

10
0 

to
 1

17
 

--
 

--
 

N
o.

 1
8 

N
o.

 1
4 

N
o.

 1
2 

N
o.

 1
0 

N
o.

 8
 

N
o.

 3
 

--
  --
 

--
 

--
 

--
 

--
 

--
  --
 

--
  --
 

--
 

N
o.

 1
9 

 --
 

--
 

cu
. m

. 

cu
. m

. 

sq
. m

. 

sq
. m

. 

sq
. m

. 

sq
. m

. 

sq
. m

. 

sq
. m

. 

cu
. m

. 

 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

 

cu
. m

. 

cu
. m

. 

 

cu
. m

. 

cu
. m

. 

sq
. m

. 

 

cu
. m

. 

cu
. m

. 

23
70

 to
 2

53
0 

25
60

 to
 2

72
0 

3.
4 

5.
0 

6.
6 

8.
0 

10
.0

 

17
.2

 

24
80

 to
 2

72
0 

 

12
80

 to
 1

44
0 

88
0 

to
 1

04
0 

58
0 

to
 6

40
 

80
0 

11
80

 

10
20

 

 

16
00

 to
 1

84
0 

20
80

 

 

20
80

 

17
60

 

0.
68

 

 

16
00

 

16
00

 to
 1

87
0 

--
 

--
 

1.
3 

2.
0 

2.
6 

3.
2 

4.
0 

6.
4 --
 

--
 

--
 

--
 

--
 

--
 

--
 

--
  --
 

--
  --
 

--
 

1  --
 

--
 

W
ith

 2
 p

er
ce

nt
 s

te
el

 

W
ith

 5
 p

er
ce

nt
 s

te
el

 

G
la

ss
 fl

at
 

     G
la

ss
 b

ric
ks

, w
in

do
w

 g
la

ss
 a

nd
 lo

ok
in

g 
gl

as
s 

Li
m

e 
 

Li
m

e 
st

on
e 

in
 lu

m
ps

, u
n-

ca
lc

in
ed

  

F
re

sh
ly

 b
ur

nt
 in

 p
ie

ce
s 

Li
m

e 
sl

ak
ed

 fr
es

h 

Li
m

e 
sl

ak
ed

 a
fte

r 
10

 d
ay

s 

Li
m

e 
un

-s
la

ke
d 

(k
an

ka
r)

 

Li
m

e 
sl

ak
ed

 (
ka

nk
ar

) 

m
or

ta
r 

lim
e 

ce
m

en
t 

P
la

st
er

 

C
em

en
t 

lim
e 

pl
yw

oo
d 

S
oi

ls
 a

nd
 g

ra
ve

ls
  

A
llu

vi
al

 g
ro

un
d 

un
di

st
ur

be
d 

B
ro

ke
n 

st
on

e 
ba

lla
st

 

D
ry

 w
el

l s
ha

ke
n 

  9.
       

10
.       

11
.   

12
.   

13
. 

14
.   

 



 886

 

T
A

B
LE

 N
O

. 2
 (

C
on

td
. …

…
…

…
..)

 

U
ni

t W
ei

gh
ts

 o
f B

ui
ld

in
g 

M
at

er
ia

ls
 a

nd
 B

ui
ld

in
g 

P
ar

ts
, e

tc
. 

N
on

-m
et

ric
 

w
ei

gh
t 

pe
r 

cu
. f

t. 

  

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

lb
. 

12
0 

to
 1

40
 

  65
 

90
 

11
0 

13
0 

12
0 

13
0  

88
 to

 1
15

 

10
0 

to
 1

25
 

 

10
0 

12
0 

to
 1

35
 

80
 to

 9
0 

 

96
 to

 1
00

 

11
5 

N
om

in
al

 
si

ze
 o

r 
th

ic
kn

es
s 

in
 in

ch
es

 
or

  
S

.W
.G

. 
N

o.
 

--
   --
 

--
 

--
 

--
 

--
 

--
  --
 

--
  --
 

--
 

--
  --
 

--
 

M
et

ric
 W

ei
gh

t 

P
er

 

cu
. m

. 

  

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

 

cu
. m

. 

cu
. m

. 

 

cu
. m

. 

cu
. m

. 

cu
. m

. 

 

cu
. m

. 

cu
. m

. 

K
g.

 

19
20

 to
 2

24
0 

  

10
40

 

14
40

 

17
60

 

20
80

 

19
20

 

20
80

 

 

14
10

 to
 1

84
0 

16
00

 to
 2

00
0 

 

16
00

 

19
20

 to
 2

16
0 

12
80

 to
 1

44
0 

 

15
40

 to
 1

60
0 

18
40

 

N
om

in
al

 s
iz

e 
or

 
th

ic
kn

es
s 

m
m

. 

--
   --
 

--
 

--
 

--
 

--
 

--
  --
 

--
  --
 

--
 

--
  --
 

--
 

M
at

er
ia

l 

  P
er

fe
ct

ly
 w

et
 

C
la

y 

C
la

y 
fil

ls
: 

D
ry

 lu
m

ps
 

D
ry

 c
om

pa
ct

 

D
am

p,
 c

om
pa

ct
 

W
et

, c
om

pa
ct

 

U
nd

is
tu

rb
ed

 

U
nd

is
tu

rb
ed

, g
ra

ve
lly

 

E
ar

th
 

D
ry

 

M
oi

st
 

G
ra

ve
l 

Lo
os

e 

U
nd

is
tu

rb
ed

 

R
ip

ra
p 

S
an

d 

D
ry

 c
le

an
 

R
iv

er
  

S
. N

o.
 

                     

 



 887

 

cu
. f

t. 

 

cu
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

 

cu
. f

t. 

11
0 

to
 1

25
 

 91
  

10
0 

13
0 

11
0 

to
 1

20
 

 

10
0 

to
 1

17
 

16
4.

4 
to

 1
72

.5
 

 

10
0 

12
0 

15
0 

85
 to

 9
2 

13
0 

to
 1

50
 

15
4 

to
 1

78
 

17
0 

16
5 

14
0 

to
 1

75
 

16
5  63
 

63
 

63
  36
 

--
  --
  --
 

--
 

--
  --
 

--
  --
 

--
 

--
 

--
 

--
 

--
 

--
 

--
 

--
 

--
  --
 

--
 

--
  --
 

cu
. m

. 

 

cu
. m

. 

 

cu
. m

. 

cu
. m

. 

cu
. m

. 

 

cu
. m

. 

cu
. m

. 

 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

 

cu
. m

. 

cu
. m

. 

cu
. m

. 

 

cu
. m

. 

17
60

 to
 2

00
0 

 

14
60

 

 

16
00

 

20
80

 

17
60

 to
 1

92
0 

 

16
00

 to
 1

87
0 

26
30

 to
 2

76
0 

 

16
00

 

19
20

 

24
00

 

13
60

 to
 1

47
0 

20
80

 to
 2

40
0 

24
70

 to
 2

85
0 

27
20

 

26
40

 

22
40

 to
 2

80
0 

26
40

 

 

10
10

 

10
10

 

10
10

 

 

58
0 

--
  --
  --
 

--
 

--
  --
 

--
  --
 

--
 

--
 

--
 

--
 

--
 

--
 

--
 

--
 

--
  --
 

--
 

--
  --
 

W
et

 

S
hi

ng
le

s:
- 

A
gg

re
ga

te
 3

 m
m

. t
o 

38
 m

m
. o

r 
 1

/6
” 

to
 1

½
” 

F
in

e 

D
ry

 

sa
tu

ra
te

d 

S
ilt

, w
et

 

S
to

ne
s 

B
al

la
st

, w
el

l s
ha

ke
n 

G
ra

ni
te

 

G
ra

ve
l 

Lo
os

e 

M
od

er
at

el
y 

ra
m

m
ed

 d
ry

 

G
yp

su
m

 

K
an

ka
r 

La
te

rit
e 

Li
m

e 
st

on
e 

M
ar

bl
e 

Q
ua

rt
z 

ro
ck

 

S
an

d 
st

on
e 

S
la

te
 

T
ar

, C
oa

l 

C
ru

de
 

R
oa

d 
ta

r 

P
itc

h 

T
im

be
r 

C
hi

r 

       

15
.              

16
.    

17
.  

 



 888

 

T
A

B
LE

 N
O

. 2
 (

C
on

td
. …

…
…

…
..)

 

U
ni

t W
ei

gh
ts

 o
f B

ui
ld

in
g 

M
at

er
ia

ls
 a

nd
 B

ui
ld

in
g/

pa
r

ts
 e

tc
. 

N
on

-m
et

ric
 

w
ei

gh
t 

pe
r 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

sq
. f

t. 

sq
. f

t. 

sq
. f

t. 

sq
. f

t. 

sq
. f

t. 

sq
. f

t. 

sq
. f

t. 

sq
. f

t. 

cu
. f

t. 

  

cu
. f

t. 

lb
. 

35
 

39
 

54
 

43
  

62
.5

 

5 
to

 1
2 

3.
3 

4.
3 

2.
3 

2.
7 7 

7 
to

 1
0 

1.
09

 

1.
38

 

4.
1   

12
0 

N
om

in
al

 
si

ze
 o

r 
th

ic
kn

es
s 

in
 in

ch
es

 
or

  
S

.W
.G

. 
N

o.
 

--
 

--
 

--
 

--
  --
 

--
 

7/
8”

 

--
 

11
/8

” 

--
- --
  

N
o.

 2
6 

N
o.

 2
3 

3/
8”

 

  --
 

M
et

ric
 W

ei
gh

t 

P
er

 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

 

cu
. m

. 

cu
. m

. 

sq
. m

. 

sq
. m

. 

sq
. m

. 

sq
. m

. 

sq
. m

. 

sq
. m

. 

sq
. m

. 

sq
. m

. 

sq
. m

. 

  

cu
. m

. 

K
g.

 

56
0 

62
0 

86
0 

69
0  

10
00

 

80
 to

 1
90

 

15
.9

 

20
.6

 

11
.1

 

13
.4

 

34
 

34
 to

 4
9 

5 7 21
   

19
20

 

N
om

in
al

 s
iz

e 
or

 
th

ic
kn

es
s 

m
m

. 

--
 

--
 

--
 

--
  --
 

--
 

22
 

28
 

22
 

28
 

--
 

--
 

0.
43

2 

0.
63

5 

10
   --
 

M
at

er
ia

l 

  D
eo

da
r 

M
an

go
 

S
al

 

T
ea

k 

W
at

er
 

F
re

sh
  

S
no

w
 fr

es
hl

y 
fa

lle
n 

F
lo

or
s,

 w
oo

d:
 

H
ar

d 
w

oo
d 

S
of

t w
oo

d 

R
oo

fin
g 

S
la

te
s 

on
 b

at
te

ns
 

T
ha

tc
h 

w
ith

 b
at

te
ns

 

R
oo

f f
in

is
he

s:
 

Le
ad

 s
he

et
 

M
or

ta
r 

sc
re

ed
in

g 

W
al

lin
g 

B
ric

k 
M

as
on

ry
 

C
om

m
on

 b
ur

nt
 c

la
y 

br
ic

ks
 

S
. N

o.
 

      

18
.   

19
.   

20
.      

21
.   

 



 889

 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

 

sq
. f

t. 

sq
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

  

cu
. f

t. 

14
0 

13
0 

16
0 

14
0  90
 

3.
1  60
 

50
 to

 6
0 

63
 

43
  

57
 to

 6
0 

57
 to

 5
8 

60
  19
 

62
.5

 

75
 

44
 

53
 

60
 

25
 

43
   

54
9 

to
 5

59
 

--
 

--
 

--
 

--
  9”
 

--
  --
 

--
 

--
 

--
  --
 

--
 

--
  --
 

--
 

--
 

--
 

--
 

--
 

--
 

--
   --
 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

 

sq
. m

. 

sq
. m

. 

 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

 

cu
. m

. 

cu
. m

. 

cu
. m

. 

 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

  

cu
. m

. 

22
40

 

20
80

 

25
60

 

22
40

 

 

38
5 

15
  

96
0 

80
0 

to
 9

60
 

10
10

 

69
0  

91
0 

to
 9

30
 

91
0 

to
 9

30
 

96
0  

30
0 

10
00

 

12
00

 

70
0 

85
0 

96
0 

40
0 

69
0   

87
90

 to
 8

94
0 

--
 

--
 

--
 

--
  

20
0 

--
  --
 

--
 

--
 

--
  --
 

--
 

--
  --
 

--
 

--
 

--
 

--
 

--
 

--
 

--
   --
 

P
re

ss
ed

 b
ric

ks
 

S
to

ne
 m

as
on

ry
: D

ry
 

G
ra

ni
te

 

S
an

d 
st

on
e 

P
ar

tit
io

ns
: 

B
ric

k 
w

al
l 

G
.I.

 S
he

et
 

C
he

m
ic

al
s 

an
d 

A
lli

ed
 M

at
er

ia
ls

 

P
ai

nt
s 

pa
ra

ffi
n 

pe
tr

ol
eu

m
 

R
ed

 le
ad

 a
nd

 le
th

ar
ge

 d
ry

 

R
ub

be
r 

 

R
aw

  

V
ul

ca
ni

ze
d 

 

V
ar

ni
sh

es
 

F
ue

ls
  

C
ha

rc
oa

l  

C
oa

l, 
un

tr
ea

te
d,

 n
in

e 
m

oi
st

 

C
oa

l, 
in

 w
as

he
rie

s 

C
oa

l d
us

t 

C
oa

l, 
al

l o
th

er
s 

so
rt

s 

D
ie

se
l o

il 

F
ire

w
oo

d 
ch

op
pe

d 

pe
tr

ol
 

M
et

al
s 

an
d 

A
llo

y 

C
op

pe
r 

 

C
as

t 
 

       

22
.         

23
.         

24
.   

 



 890

 

T
A

B
LE

 N
O

. 2
 (

C
on

td
. …

…
…

…
..)

 

U
ni

t W
ei

gh
ts

 o
f B

ui
ld

in
g 

M
at

er
ia

ls
 a

nd
 B

ui
ld

in
g 

pa
r

ts
 e

tc
. 

N
on

-m
et

ric
 

w
ei

gh
t 

pe
r 

cu
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

cu
. f

t. 

lb
. 

55
2 

to
 5

59
 

 

43
9 

to
 4

45
 

47
4 

to
 4

82
 

50
0  

70
9 

71
0  

43
9 

to
 4

46
 

44
9  

69
 to

 1
00

 

40
 to

 6
0 

 

15
0 

to
 1

70
 

1 
to

 7
.5

 

16
2 

57
 

62
.5

 

N
om

in
al

 
si

ze
 o

r 
th

ic
kn

es
s 

in
 in

ch
es

 
or

  
S

.W
.G

. 
N

o.
 

--
  --
 

--
 

--
  --
 

--
  --
 

--
  --
 

--
-  --
 

--
 

--
 

--
 

--
 

M
et

ric
 W

ei
gh

t 

P
er

 

cu
. m

. 

 

cu
. m

. 

cu
. m

. 

cu
. m

. 

 

cu
. m

. 

cu
. m

. 

 

cu
. m

. 

cu
. m

. 

 

cu
. m

. 

cu
. m

. 

 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

cu
. m

. 

K
g.

 

88
40

 to
 8

94
0 

 

70
30

 to
 7

13
0 

75
80

 to
 7

72
0 

80
00

 

 

11
34

0 

11
36

0 

 

70
30

 to
 7

16
0 

71
90

 

 

11
00

 to
 1

60
0 

64
0 

to
 9

60
 

 

24
00

 to
 2

72
0 

16
 to

 1
20

 

26
00

 

91
0 

10
00

 

N
om

in
al

 s
iz

e 
or

 
th

ic
kn

es
s 

m
m

. 

--
  --
 

--
 

--
  --
 

--
  --
 

--
  --
 

--
  --
 

--
 

--
 

--
 

--
 

M
at

er
ia

l 

  W
ro

ug
ht

  

Ir
on

: 

G
re

y 
ca

st
 

W
hi

te
 c

as
t 

W
ro

ug
ht

  

Le
ad

  

C
as

t 
 

W
ro

ug
ht

  

Z
in

c 
 

C
as

t 
 

W
ro

ug
ht

  

M
is

ce
lla

ne
ou

s 
m

at
er

ia
ls

 

A
gg

re
ga

te
, c

oa
rs

e 

A
sh

es
 (

he
ap

s)
 

G
la

ss
: 

G
la

ss
 s

ol
id

 

W
oo

l  

In
 s

he
et

s 

Ic
e 

 

Li
m

e 
in

 s
ac

ks
 

S
. N

o.
 

             

25
.         

 



 891

 

 TABLE NO. 3 

 Showing Indian Standard Sieves with their other Equ ivalent Standard Selves 

 (a) Fine Test Services 

 
IS Sieve 

Designation 

Sieve Opening or width of 
aperture Equivalent ASTM, BS or Tyler Sieve 

 mm. In. ASTM BS Tyler 

 1 2 3 4 5 6 

 570 5.660 0.2230 3½  -- 3½  

 480 4.760 0.1870 4 3/16” 4 

 400 4.000 0.1570 5 -- 5 

 340 3.353 0.1320 6 5 6 

 320 3.180 1.252 --  1/6” -- 

 280 2.818 0.1109 7 6 7 

 240 2.399 0.0945 8 7 8 

 200 2.032 0.0800 10 8 9 

 170 1.676 0.0659 12 10 -- 

 160 1.600 0.0630 -- 1/16” 10 

 140 1.405 0.0553 14 12 12 

 120 1.201 0.0473 16 14 14 

 100 1.000 0.0394 18 16 16 

 85 0.842 0.0332 20 18 20 

 80 0.790 0.0311 -- 1/32” -- 

 70 0.708 0.0279 25 22 24 

 60 .592 0.0233 30 25 28 

 50 .500 0.0197 35 30 32 

 40 0.420 0.0165 40 36 35 

 35 0.351 0.0138 45 44 42 

 30 0.296 0.0117 50 52 48 

 25 0.251 0.0099 60 60 60 

 20 0.211 0.0083 70 72 65 

 18 0.177 0.0070 80 85 80 

 15 0.151 0.0060 100 100 100 

 12 0.124 0.0049 120 120 115 

 10 0.104 0.0041 140 150 155 
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 TABLE NO. 3 (Contd. …………….) 

 (a) Fine Test Services 

 1 2 3 4 5 6 

 9 0.089 0.0035 170 170 170 

 8 0.075 0.0030 200 200 200 

 6 0.064 0.0025 230 240 250 

 5 0.053 0.0021 270 300 270 

 4 0.044 0.0017 325 -- 325 
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 TABLE NO. 3 

 Showing Indian Standard Sieves with their other Equ ivalent Standard Selves 

 (b) Coarse Test Sieves 

 
Sieve Designation 

Sieve opening or width of 
aperture (side of Square) 

Equivalent ASTM or BS 
Sieves 

 m.m. In. ASTM BS 

 1 2 3 4 5 

 4" P 101.60 4.000 4 in. 4" 

 3½"P 88.90 3.500 3½” in. 3½" 

 3"P 76.20 3.000 3 in. 3" 

 2¾" P 69.85 2.750 --- 2¾" 

 2½"P 63.50 2.500 2½ in.  2½" 

 2¼"P 57.15 2.250 --- 2¼" 

 2"P 50.80 2.000 2 in. 2" 

 1⅞"P 47.63 1.875 --- 1⅞" 

 1¾"P 44.45 1.750 1¾ in. 1¾" 

 1⅝"P 41.28 1.625 --- 1⅝" 

 1½"P 38.10 1.500 1½ in. 1½" 

 1⅜"P 34.93 1.375 -- 1¼ " 

 1¾"P 31.75 1.250 1¼ in. 1¼" 

 1⅛"P 28.58 1.125 --- 1⅛" 

 1"P 25.40 1.000 1 in. 1" 

 ⅞"P 22.23 0.875 ⅞ in. ⅞" 

 ¾"P 19.05 0.750 ¾ in. ¾" 

 ⅝"P 15.88 0.625 --- ⅝" 

 ½"P 12.70 0.500 --- ½" 

 ¾"P 9.52 0.375 -- ⅜" 

 5/16"P 7.94 0.313 5/16 in. 5/16" 

 ¼"P 6.35 0.250 ¼ in. ¼" 

 3/16"P 4.76 0.187 --- 3/16" 
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 TABLE NO. 4 

 Showing the Equivalent of Various Standard Gauges ( Non-Metric Units) 
Thickness of decimal parts of an inch 

 Mark or 
No. of 
gauge 

British 
Imperial 
S.W.G. 

Birming-
ham wire 

gauge 

Birming-
ham plate 
to gauge 

Whit-
worth 

standard 
wire 

gauge 

Sheet 
and hoop 

iron 
gauge 

U.S. 
standard 
plate iron 
and steel 

gauge 
 7/0 0.500  --- --- 0.6666 0.50000 

 6/0 0.464  --- --- ---- 0.46875 

 5/0 0.432 0.500 --- --- --- 0.43750 

 4/0 0.400 0.454 --- --- --- 0.40625 

 3/0 0.372 0.425 --- --- --- 0.37500 

 2/0 0.348 0.380 -- --- --- 0.34375 

 1/0 0.324 0.340 --- --- 0.3964 0.31250 

 1 0.300 0.300 0.004 0.001 0.3532 0.28125 

 2 0.276 0.284 0.005 0.002 --- 0.265625 

 3 0.252 0.259 0.008 0.003 --- 0.25 

 4 0.232 0.238 0.010 0.004 0.2500 0.234375 

 5 0.212 0.220 0.12 0.005 --- 0.21875 

 6 0.192 0.203 0.013 0.006 ---- 0.203125 

 7 0.176 0.180 0.015 0.007 --- 0.1875 

 8 0.160 0.165 0.016 0.008 --- 0.171875 

 9 0.144 0.148 0.019 0.009 --- 0.15625 

 10 0.128 0.134 0.024 0.010 0.1250 0.140625 

 11 0.116 0.120 0.029 0.011 --- 0.125 

 12 0.104 0.109 0.034 0.012 --- 0.109375 

 13 0.192 0.095 0.036 0.013 --- 0.09375 

 14 0.080 0.083 0.041 0.014 --- 0.078125 

 15 0.072 0.072 0.047 0.015 --- 0.070312 

 16 0.064 0.065 0.051 0.016 0.0625 0.0625 

 17 0.056 0.058 0.057 0.017 --- 0.05625 

 18 0.048 0.049 0.061 0.018 0.0495 0.05 

 19 0.040 0.042 0.064 0.019 --- 0.04375 

 20 0.036 0.035 0.067 0.020 0.0392 0.0375 

 21 0.032 0.032 0.072 0.021 --- 0.034375 

 22 0.028 0.028 0.074 0.022 0.0312 0.03125 
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TABLE No. 5 
 

Thickness of Sheet and Diameter of Wire in Millimet ers  
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5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

1 3x1½" 4 529 307 -- --

2 3"x3" 8.5 1295 693 -- --

2 4"x1¾" 5 878 609 425 285 --

4 4"x3" 9.5 1795 1247 377 535 --

1 4"x3" 10 1850 1291 904 605 -- --

3 4½"x2" 7 1412 982 721 518 363 --

5 4¾"x1¾" 6.5 1352 941 691 523 368 267

4 5"x2½" 9 -- 1448 1065 825 596 434

6 5"x3" 11 -- 1805 1325 1014 744 542

7 5"x4½" 18 -- 3010 2214 1684 1240 904
H 2 5"x4½" 20 -- 3320 2440 1870 1368 960 H-New 

Standard 
beam.

British 
heavy

5 6"x3" 12 -- -- 1710 1309 1032 835 627 484

9 6"x4½" 20 -- -- 2820 2160 1705 1380 1034 800

H 3 6"x5" 25 -- -- -- 2810 2220 1795 1349 1039

6 7"x3½" 15 -- -- -- 1915 1515 1228 1015 827 649 520

11 7"x4" 16 -- -- -- 2090 1650 1338 1105 904 710 568

7 8"x4" 18 -- -- -- -- 2056 2664 1375 1154 985 806 655 540

13 8"x5" 28 -- -- -- -- 3300 2670 2200 1855 1580 1292 1050 870

H 4 8"x6" 35 -- -- -- -- -- -- 1840 2384 2034 1670 1356 1118

8 9"x4" 21 -- -- -- -- -- 2156 1783 1497 1275 1100 954 788 652 554

H 5 9"x7" 50 -- -- -- -- -- -- -- -- 3278 2820 2256 2022 1687 1420

16 9"x7" 58 -- -- -- -- -- -- -- 4235 3610 3110 2708 2230 1860 1565

9 10"x4½" 25 -- -- -- -- -- -- -- 2030 1730 1490 1300 1141 990 835 710 609

17 10"x5" 30 -- -- -- -- -- -- -- -- 2060 1775 1545 1359 1179 994 845 725

H 6 10"x6" 40 -- -- -- -- -- -- -- 3400 2898 2498 2176 1910 1659 1396 1186 910

18 10"x6" 42 -- -- -- -- -- -- -- -- -- 2580 2246 1975 1709 1410 1223 1150

H 7 10"x8" 55 -- -- -- -- -- -- -- -- -- 3520 3070 2690 2340 1970 1675 1435

19 10"x8" 70 -- -- -- -- -- -- -- -- -- -- 3664 3220 2790 2354 2000 1715

10 12"x5" 30 -- -- -- -- -- -- -- -- -- 2102 1830 1610 1427 1271 1141 1030 890 775 678 596 -- --

20 12"x5" 32 -- -- -- -- -- -- -- -- -- -- -- 1710 1516 1351 1213 1094 945 824 720 632 -- --

21 12"x6"L 44 -- -- -- -- -- -- -- -- -- -- -- 2458 2176 1938 1740 1566 1351 1179 1030 906 -- --

22 12"x6"H 54 -- -- -- -- -- -- -- -- -- -- -- -- 2590 2310 2074 1868 1610 1404 1230 1080 -- --

8 12"x8" 65 -- -- -- -- -- -- -- -- -- -- -- 3790 3360 3000 2690 2426 2095 1825 1596 1404 -- --

11 13"x5" 35 -- -- -- -- -- -- -- -- -- -- -- 2040 1805 1610 1445 1305 1181 1059 927 815 721 642 --

12 14"x5½" 40 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1610 1460 1330 1278 1084 960 854 762 83

23 14"x6"L 46 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1880 1700 1552 1412 1269 1120 1000 892 798

24 14"x6"H 57 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2276 2060 1880 1720 1534 1355 1208 1079 966

H 9 14"x8" 70 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3012 2734 2492 2280 2030 1796 1597 1428 1278

25 15"x5" 42 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1705 1549 1410 1290 1185 1090 970 866 775 700 631

13 15"x6" 45 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1779 1621 1484 1361 1250 1114 995 881 803 725

26 15"x6" 59 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2070 1894 1736 1600 1442 1270 1135 1026 926

14 16"x6" 50 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1745 1600 1477 1364 1250 1120 1008 911 826 751

27 16"x6" 62 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2240 2050 1882 1735 1605 1467 1315 1185 1070 970 882

H 10 16"x8" 75 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2750 2523 2330 2150 1968 1762 1590 1434 1300 1181

15 18"x6" 55 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1651 1533 1425 1327 1240 1125 1021 933 853 781 718

28 18"x7" 75 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2258 2096 1946 1810 1692 1532 1395 1270 1160 1065 980

H 11 18"x8" 80 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2540 2360 1870 2020 1905 1728 1571 1431 1308 1200 1102

16 20"x6½" 65 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2192 1740 1630 1525 1429 1346 1240 1138 1046 965 889 822 762

29 20"x7½" 89 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2550 2374 2210 2078 1950 1835 1689 1547 1422 1310 1208 1118 1039

17 22"x7" 75 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2030 1900 1780 1675 1578 1488 1407 1319 1215 1124 1041 969 901 840 784 -- -- -- --

18 24"x7½" 90 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2532 2378 2236 2104 1989 1880 1780 1685 1600 1519 1411 1311 1221 1140 1066 1000 937 880

30 24"x7½" 100 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2560 2428 2285 2158 2040 1930 1830 1735 1830 1532 1425 1328 1210 1159 1087 1018 956

Weight in 
lb. per rft.

                                                                                       Spans in feet

TABLE - 6 (A)

TABLE OF MILD STEEL JOISTS

Note: Stress in steel - 8 Tons 
per square inch. Deflection 
Maximum 1/30 in per foot of 
span.

Joists divide the loads 
shown in the table by the 
weight per square foot of 
roof covering plus load.

Depth of joist to be not less than 
1/20 span.
The loads shown are fully 
distributed and include the 
weight of the joist.

To calculate the spacing 
of roof

                                           Safe Loa ds in the Running Foot of Span (Non-Metric Units)
Reference 

marks
Section 
of joist
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 TABLE NO. 7 

 Live loads on Floors of various types of buildings 

          Live loads on floors shall comprise all loads other than dead loads. The minimum 
live loads on different floors for different uses shall be as given in Table I of I.S. 875 – 
1957 which is reproduced below for guidance. The loads specified in this table are 
uniformly distributed static loads in lbs. per square foot on the plan area and provide for 
normal effect of impact and acceleration, but do not take into consideration special 
concentrated loads. 

In this Table, minimum load for slabs becomes operative at spans of less than 8 
feet (2.44 metres). Minimum load for beams becomes operative on areas less than 64 
square feet (5.9 square metres). Beams, ribs and joists spaced not more than 3 feet (0.9 
metres) centres shall be calculated for slab loadings:- 

 

Loading 
Class No. Types of Floors 

Minimum 
Live 
Loads  lb. 
per sq. ft. 
of floor 
area 

Alternative Minimum live 
loads 

 Slabs lb. 
Uniformly 
Distributed 
Over Span 
per Foot 
width 

Beams lb. 
Uniformly 
Distributed 
Over Span 

 1 2 3 4 5 

 40a Floors for residential purposes 
including dwelling houses. 40 320 2560 

 40b Floors of tenements, hospital 
wards, bed rooms and private 
sitting rooms in hostels, and 
dormitories 40 320 2560 

 50 Office floors other than entrance 
halls floors of light work-rooms *50 – 80  *400 – 640 *3200 – 5120 

 60 Floors of banking halls, office 
entrance halls and office floors 
below entrance halls and reading 
rooms. 60 480 3840 

 80 Shop floors used for the display 
and sale of merchandise; floors of 
work-rooms generally; floors of 
class rooms in schools, garages 
for vehicles not exceeding 2½ 
tons gross weight floors  of places 
of assembly with fixed seating, 
churches, chapels, restaurants, 
circulation space in machinery 
halls power stations, etc., where 
not occupied by plant or 
equipment. 80 640 5120 

           *The lower value of 50 Psf should be taken where separate storages of facilities are 
provided and the high value of 80 Psf should be taken where such provisions are lacking. 
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1 2 3 4 5 

100 Floors of warehouses, work-shops 
factories and other buildings of 
similar category for light weight loads 
office floors of places of assembly 
without fixed seating, public rooms in 
hotels, dance halls waiting halls, etc. 

 

 

 

 

100 

 

 

 

 

600 

 

 

 

 

6400 

150 Floors of warehouses,  workshops, 
factories and other buildings of parts 
of buildings of similar category, for 
medium weight loads, floors of 
garages for vehicles not exceeding 4 
tons gross weight  

 

 

 

150 

For garage floors only 1.5 
x maximum wheel load 
but not less than 2000 lb. 
considered to be 
distributed over a floor 
area 2’6’’ square. 

200 Floors of warehouses, workshops, 
factories and other buildings of 
similar category for heavy-weight 
loads, floors of book stores, roofs 
and pavement. Lights over 
basements projecting under the 
public foot path  

 

 

 

200 

 

 

 

… 

 

 

 

… 

 Stairs, corridors, landings and bal-
conies not liable to over-crowding :-  

… … … 

 For class 40 a loading 40 … … 

 For Class 40 b loading 60 … … 

 For all other classes 100 … … 

 Balconies liable to over-crowing 100 … … 

Notes :- 1. For conversion from lb.. per sq ft . to kg. sqm multiply by 4.8824. 

2. For conversion from lb.. per foot width to kg. per meter width, multiply 
by 1.4882. 

3. For Conversion from lb. to kg. multiply by 0.4536. 

4. For conversion from inches to centimeters, multiply by 2.54  
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                                                                                                                                                       TABLE NO. 9 

R.C.C. Battens first roofs Batten spaced 12 inches C/C 
CLASS OF ROOF FIRST CLASS MUD ROOFS SECOND CLASS MUD ROOF 

REMARKS NOTES Effective span in feet 
(I.) 

3’ 4’ 5’ 6’ 7’ 8’ 9’ 10’ 3’ 4’ 5’ 6’ 7’ 8’ 9’ 10’ 

Weight of roof per sq. 
ft. including weight of 
batten 

123 125 127 130 132 135 139 143 113 115 117 119 121 125 128 130 (1) Allowing a tensile stress (fs) in 
steel of 18,000 lbs. per square inch 
and compressive stress (fc) 
concrete of 750 lbs. per square 
inch.) 

                  M 
D = ------------------------------ 
               126 x b 
 
                 WL 
M = --------------------- where  
                  8 
M = Maximum bending moment 
       in inch 
b = Width in inches 
d = Effective depth in inches 
W = Total load in lbs. 
L = Effective span in feet. 
 
                     S 
 (2) S = ------------------- 
               b x (d – n/3) 
 
                     S 
          = ------------------- 
                  0.872 bd. 

Notes:- 
(1) This loading adopted in as per detail given below and is exclusive of the 
weight of batten:- 
First Class Mud roof 
Tiles 2(1x5/48)x120=25 lbs. 
6” mud plaster and earth)    
                        = 55 lbs. 
½” lime mortar = 5 lbs. 
Live load          = 30 lbs. 
                    -------------------- 
                      115/lbs./sq./ft.     
or 115 lbs./ft. run of batten since 
spacing of batten is 12” c/c. 

Second class mud roof 
Tiles 2(1x5/48)x120=25 lbs. 
6” earth and mud                  55 lbs. plaster       
= 55 lbs. 
Live load               = 30 lbs. 
                       ------------------ 
                      105 lbs./sq.ft. 
 
or 105 lbs./ft. run of batten since spacing of 
batten is 12” c/c. 

Bending moment in 
lbs. 

650 3,000 775 7,000 9,700 13,000 16,900 21,500 1,526 2.760 4,380 6,420 8,900 11,900 15,600 19,500 

Width of batten in 
inches (b) 

2” 2¼” 2¼” 2½” 2½” 2¾” 3” 3¼” 2¼” 2¼” 2¼” 2½” 2½” 2 ¾”  3” 3” 

Effective depth in 
inches (d) 

2.625 3.39 4.09 4.81 5.53 6.03 6.75 7.25 2.375 3.09 4.09 4.56 5.31 5.78 6.50 7.25 

Full section of batten 
(b x d) 

2”x3¼” 2¼”x4¼” 2½”x5¼” 2½”x5
½” 

2½”x6
½” 

2¼”x7” 3”x7¾” 3⅓”x8¼
” 

2¼”x3¼” 2¼”x4” 2¼”x5” 2½”x5½
” 

2½”x6¼
” 

2¾”x6
¾” 

3”x7½” 3”x8¼” 

(2) In case of 5/16” dia and 7/16” dia bars are not available these may be 
replaced by 3/8” dia bars for span 4’ and 5’ and by ½” dia for 8’ span, 
respectively. Area of steel required 

in sq. inches 
0.4 0.056 0.075 0.093 0.11 0.138 0.16 0.19 0.041 0.57 0.068 0.09 0.107 0.151 0.155 0.172 

Nature of 
reinforcement, i.e. dia 
of rod and its weight 
per ft. length 

¼” dia @ 
0.167 lb. 

5/16” dia 
@ 0.261 
lb. 

5/16” dia 
@ 0.376 
lb. 

⅜” dia 
@ 0.376 
lb. 

⅜” dia 
@ 0.376 
lb. 

7/16” dia 
@ 0.511 lb.

½” dia 
@ 0.668 
lb. 

½” dia @ 
0.668 lb. 

¼” dia @ 
0.167 lb. 

5/16” dia 
@ 0.261 
lb. 

5/16” dia 
@ 0.261 
lb. 

⅜” dia 
@ 0.376 
lb. 

⅜” dia 
@ 0.376 
lb. 

7/16” dia 
@ 0.511 
lb. 

½” dia 
@ 0.668 
lb. 

½” dia @ 
0.668 lb. 

Unit of shear stress in 
lbs. per sq. inch (es) 

40.5 37.6 39.5 37.2 38.4 37.4 35.6 34.8 36.6 37.9 36.5 36 36.6 35.8 34 34.4 

Content in cubic feet 
of one batten 

0.146 0.266 0.39 0.597 0.788 1.07 1.45 1.87 1.152 0.25 0.39 0.574 0.76 1.03 1.41 1.72 

SKETCH 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Where, 
S = Total shearing force (lbs.) 
S = Unit shear intensity (lbs. per sq. in.) 
n = Distance of neutral axis from 
       compression edge of beam = 0.385 d. 
 (3) Percentage reinforcement = 0.8 
(4) Weight of concrete taken as 150 lbs.       per 
cft. 
 
 
 

SKETCH 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Actual length and 
weight or 
reinforcement rod 

3’ – 6” 
=0.58 lbs. 

4’ – 6” 
=1.18 lbs. 

5’ – 9” 
=1.50 lbs. 

6’ – 9” 
=2.54 
lbs. 

7’ – 9” 
=3.01 
lbs. 

9’ – 0” 
=2.54 
lbs. 

10’ – 0” 
=6.68 
lbs. 

11’ – 3” 
=7.52 
lbs. 

3’ – 6” 
=0.53 
lbs. 

4’ – 0” 
=1.18 
lbs. 

5’ – 9” 
=1.50 lbs. 

6’ – 9” 
=2.54 lbs. 

8’ – 0” 
=3.01 lbs. 

9’ – 0” 
=4.6 
lbs. 

10’ – 0” 
=6.68 lbs. 

11’ – 3” 
=7.52 lbs. 

Weight of one batten 
in lbs. 

22 
40 

58.5 89.5 118 160 218 280 22.8 37.4 58.5 86 114 154 212 258 

 

Section of battens 
with bottom edges 
chamfered (A) or 
rounded off ¾” radius 
(B) where they are 
exposed to view 

Longitudinal section showing how 
ends of rods are bent and 
chamfering stopped short of bearing 
in 1st batten for ‘A’ first class roof. 

(1) in addition to the reinforcement shown in the table, ¼ 
diameter rod is to be inserted in the compression side of 
All battens. This rod will be placed 2” below the upper edge 
of the batten and will be bent round at the ends to the 
same outer radius as the tension reinforcement and bound 
to it at each end with No. 16 S.W.G. wire. It will be the 
same length as the tension reinforcement and will be 
secured to it by a series of vertical stirrups or loops of No. 
12 S.W.G. soft wire, spaced 12” apart and twisted round 
each rod. 

(2) Special provision must be made for the reverse bending 
moment in the case of battens continuous over more than 
one span and in the case of verandah battens having an 
eaves projection. 

(3) Every batten must have atleast 2” bearing on a edge on a 
joist (rolled steel beam) or on a wall plate properly 
designed to distribute the pressure and 4” to 6” bearing if 
resting directly on a wall. Chamfering or rounding on the 
bottom edges should be stopped short on the edge of the 
bearing by 2 inches. 

 (4) All battens should be left to nature for at least a month 
before being moved. They should be handled as little as 
possible and lifted directly on roof in a cradle or by inserting a 
sling under each and due care being taken to see that the 
batten is not turned on its side in the process. 
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TABLE – 11 (a) 

Safe Loads on Deodar and Kail Planking (Non-Metric Units) 

Span 

 in Feet 

Safe superimposed load in lbs. per square foot 
Remarks 

1” 1½ ” 2” 2½ ” 3” 

1.5 356 - - - - This table is taken 
from the “Diagrams of 
struts and Beams”, 
Copies of which were 
supplied to 
superintending 
Engineer with chief 
Engineer’s No. 96-D = 
of 3rd March, 1909 

2.0 150 506 - - - 

2.5 77 259 614 - - 

3.0 44 150 356 694 - 

3.5 - 94 224 437 756  

4.0 - 63 150 293 506  

4.5 - 44 105 192 356  

5.0 - - 77 150 259  

5.5 - - 58 112 195  

6.0 - - 44 87 150  
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TABLE – 11 (b) 

Safe Loads on Kail Planking (Metric Units) 

Thickness 
mms 

Span in 
meters 25 

Safe Superimposed load in Kgs.per Sq.meter 

40 50 60 75 Remarks 

0.5 1,500 4,700 - - -  

0.6 870 3,300 5,100    

0.8 370 1,500 2,900 4,100   

1.0 180 760 1,500 2,600 5,100  

1.2  440 850 1,500 2,900  

1.4  280 540 940 1,860  

1.5 - - 440 750 1,500  

1.6 - - 350 620 1,200  

1.8 - - 250 440 850  

2.0 - - - 320 640  

Safe Loads on Deodar Planking 

Thickness 
mms 

Span in 
meters 25 

Safe Superimposed load in Kgs.per Sq.meter 

 25 40 50 60 75 Remarks 

0.5 2,000 7,500 - - -  

0.6 1,200 4,800 - - -  

0.8 500 2,000 4,000 - -  

1.0 250 1,000 2,000 3,600   

1.2 150 600 1,200 2,000 4,050  

1.4 - 380 750 1,300 2,500  

1.5 - 300 600 1,050 2,000  

1.6 - 180 500 860 1,700  

1.8   350 600 1,200  

2.0 - - 250 450 860  

 


