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Cha .
MANGLAM oabout the Company
NSULTANCY SERVICES: Geotechnical Solutions

Compan
y Head . .
Established in:qzlcl:%rlter' Vadodara, Gujarat.

Manglam
Consultancy Services, a renowned name for providing

Geotechni :
hnical Solutions, was established in 2001 in the town of

Vadodar : .
2, Gujarat. With a team of experienced and knowledgeable

techno .
crats who are committed to exploring the boundaries of

Geo - .
technical Engineering, we are the leaders of Geotechnical Solutions

and testing of Civil Engineering Materials.

We provide services in the fields of Soil & Civil Engineering Materials:
is, Non Destructive

Investigation, Testing, and Surveying; Chemical Analys

Testing of Structures, Load Testing, Highway Engineering & Road Testing,

Pile Integrity Testing, Quality Assurance: Geophysical Investigation & Third

Party Inspection.

technology equipments and machines for
these are duly calibrated and

maintained throu have grown and
spread out to network our Laboratories across India. We have

Laboratories in Vadodara, Ahmedabad, Gandhinagar, Valsad, Rajpipla,
Godhra, Anand, Bharuch, Surat, New Delhi, Indore, Goa, Udaipur and
These Laboratories are also ISO 9001:2008 Certified, with
State Govt., and other Private

Equipped with the latest

conducting the aforestated tests,
gh NABL approved Laboratories. We

Pune.

approvals from Central Govt., all major

Sector approvals.

Jutions equals Manglam Consultancy Services.”’

“Geotechnical So

(vi)
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C
hapter 2 . About the lab

Manglam
Consultancy Services offers a wide range of laboratory

SeIvices, including:

L. Soil § s .
investigation and testing: This includes collecting and analyzing soil

sampl . . . .
ples to determine their properties, such as bearng capacity,

Compressibility, and permeability.

2. F ; . .
oundation design and analysis: This involves designing foundations

that are safe and economical for a particular soil condition.

3. Earthworks and slope stability analysis: This includes designing and

monitoring earthworks projects, such as dams, embankments, and

retaining walls, to ensure their stability.

4. Pile testing and analysis: This involves testing piles to determine their

load-carrying capacity and to ensure that they are safe to support a

structure.

erground construction: This includes providing

5. Tunneling and und
ction

ce for tunneling and underground ~ constru

geotechnical advi
ating the

Groundwater studies: This includes investig

projects. *
and designing groundwater

occurrence and movement of groundwater,

control measures.

6. Environmental geotechnics: This includes providing advice on the

impact of geotechnical works on the environment.

materials testing: This includes testing the properties of

7. Construction
to ensure that

construction
the required standards.

materials, such as concrete, steel, and asphalt,

they meet

(vii)

|
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Ch .
apter 3 : Gradation of Coarse Aggregate
AIM:

To determine the size of particle distribution

Apparatus:

1. IS sieves used for gradation of coarse
agz‘¥‘°«g=1tt540mm,25mm,20mm,16mm,12.5mm,10mm,6.3mm,
4.75mm,2.36mm,1.18mm.

2. Pan

3. Brush

Procedure:

1. The sample should be oven dried at temperature 100°C to 110°C before weighing

and sieving.
2. The dried sample of coarse aggregate is weighed.
3. The sieve is arranged according to sizes.

4. The sieve with biggest opening is kept on top while the sieve with smallest

opening is kept at bottom.

5. Below the sieve of smallest opening, pan is kept in order to collect the remaining

samples which does not conform to the sieve sizes above.
6. A brush is used to clean the additional particles or impurities remaining on the
sieve shaker.

7. After making all the arrangement the sieve shaker is turned on and it is operated

continuously for around 10— 15 minutes in order to obtain correct results.

8. After operating the shaker is turned off and the sieves are taken out for weighing

the remaining samples on each of the respective sieves.

9. Cumulative weight passing through each sieve sizes are calculated as a

percentage of the total sample weighed.
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Fig.11S Sieve
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Chapter 4 . Impact test of Aggregate

AIM:

To find the impact value of aggregate
Apparatys;

L.
2.

5.
6.

Impact testing machine

A cylindrical steel cup having internal diameter 102
minimum thickness 6.3 mm.

A metal hammer having weight of 13.5 to
shape, 50 mm long, 100 mm in diamete. The hammer is arranged in such a way
that it should slide freely between vertical guides and be concentric with the cup.

It is arranged that the free fall of the hammer should be within 380+5 mm
epth of

mm, depth 50 mm, and

14.0 kg the lower end is cylindrical in

A cylindrical métal measure has an internal diameter of 75 mm and a d

50 mm for measuring aggregates.
One end rounded tamping rod having 10 mm diameter and 230 mm length.

A balance of capacity not less than 500 g.

Procedure:

L.

NS e

Sieve the material through 12.5mm and 10.0 mm IS sieves. The aggregates
passing through the 12.5 mm sieve comprise the test material.

Then, just 1/3 rd depth of the measuring cylinder is filled with aggregate by
pouring.

Compact the material by giving 25 gentle blows with the rounded end of the
tamping rod in the cylinder.

Two more layers are added in a similar manner, to make the cylinder full.

Strike off the surplus aggregates.

Determine the net weight of the aggregates to the nearest gram (W1).

Bring the impact machine to rest without wedging or packing upon the level
plate, block, or floor, so that it is rigid and hammer guide columns are vertical.
25 gentle strokes with a tamping rod are used to compact the test sample by
fixing the cup firmly in position on the base of the machine with placing the

whole of the test sample in it.
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ce ig 380 mm above the surface of

9. Afte :
r that raisc the hammer until its lower fu
gregate gample. 15

(o full freely on the ag

the §
aggregate in the cup and allow it
nd between guccessive falls

such blov
vs at an {nterval of not less than onc §CC0
arc acted on it.

10. Ren
1ove the crushed aggregate from the cup and sicve it through 2.36 mm 19
s in one minute. Weight the

SiCVCS 1 1 1
until no further significant amount pass¢
on retained in

fracti i i
1.0n passing the sieve to an accuracy of 1 g1 (W2). The fracti
the sieve is weighed.
II.N
ote down the observations in the proforma and

Val ¢
ue. The ‘Aggregate Impact Value’ is the mean of two observatio

compute the aggregate impact
ns, rounded

to the nearest whole numbe

Fig.2 Impact Testing Machine
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Chapter 5 ;
Pter S : crushing value test of Aggregate
AIM:

To find the crushing value of aggregate when gradually

Apparatus:

A steel cylinder having 15 cm diameter
Tamping rod having 16mm diameter and 45 to
end.

|
A balance of capacity 3 kg readable and accur

IS sieves of sizes 12.5mm, 10mm and 2.36mm

A compression testing machine (CTM).

S o a

Cylindrical metal measure of s
usage and of 11.5cm diameter and 18cm height.

Procedure:

Coarse aggregate passing 12.5mm IS sie

are selected and heated at 100 to 1

L.

temperature.

At first set the cylinder inp

3. Put the sample in 3 layers, with 25 strokes ea

Care being taken in the case of weak matert

weigh it (W1).

Level the surfiace of aggregate carefully and

horizontally on the surface and ensure

cylinder.
Place the cylinder with plunger
testing machine.

And applied the 400

Release the load and remove the materia

joad is applied.

with plunger and base plate.

60cm long and rounded at one

ate to one gram.

ufficient rigidity to retain its from under rough

ve and retained on al0mm IS sieve

10°C for 4 hours and cooled to room

osition on the base plate and weigh it (W)
ch layer using the tamping rod.

ials not to break the particles and

insert the plunger so that it rests

that the plunger does not jam in the

on the loading platform of the compression

KN load at the pace value of 0.67KN/s.
1 from the cylinder.

-
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8. |
Now pass the crushed material from 2.36mm I8 sieve, care being taken to
avoid loss of fines,

9. i .
Weigh the fraction passing through the IS sicve (W2).

A :
g8regate Crushing value = (w2 x 100) / (W1-W)

Fig.3 Compression Testing Machine
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Chapt
er 6 : Flaki
n . :
Aggregate ess and Elongation index test of coarse
a. When the si
e size of aggregate is less than 0.6 times of mean dimension

is called flaky aggregate
b. When th .
e longer size of aggregate is greater than 1.8 times of

di . .
mension is called elongated aggregate

mean

AIM:

To fin
d the flaky and elongated aggregate from the course aggregate

Apparatus:

1. IS sieve of
25mm,20mm,16mm,12.5mm,IOmm,6.3mm,4.75mm,2.36mm,1.18mm.

2. Pan

3. Balance
4, Metal gauge — Flakiness gauge Elongation gauge:

Procedure:

1. Take the 200 piece of aggregate from each that retained O
2omm, 16mm,12.5mm and 107

20mm retained aggregate and take the total weight of aggregate

e from 25mm 10 20mm range Space:

d weight Non Flaky aggregate .
m elongation gavee:

9. Firstly take
and passed it from flakiness 83U8
Then weight the flaky aggregate . An
Now take the Non Flaky aggregate and passed it fro
Now take the weight of Elongated aggregate .

s with all the retained aggregate pieces from different

And repeat this proces

= SRV NV

sieves.

At last total the all retained weight at different sieve wi1.
f flaky aggregate W2.

ate W3.

C} Scanned with OKEN Scanner



Flaky aggregate = (W2 x 100)/W1
Elongated aggregate = (W4 x 100)/W3

n 30%.
Total of flaky and elongated aggregate should not more tha

i
/
7

7
2

7

4 .
A

7 '4«}’/2/}/)'«/%
L
2

DL ¥

Fig.4 Flakiness Index Apparatus
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Fig.5 Elongation Index Apparatus
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Chapter 7 : consistency test of cement.

ister : ini uired
Consistency - The consistency of cement is the minimufm water req

for cement to just convert into liquid state

AIM:

To find the consistency of cement.

Apparatus:

1. Vicat apparatus — Vicat Apparatus consists of a plunger with a needle, which
used to penetrate the cement specimen up to the depth of 5mm to 7mm and
above. |
Weighing balance — Up to measure 1000g with 1g accuracy
Stop Watch
Measuring Cylinder 200 ml
Glass Plate
Vicat Mould

Tray

e AN S

Trowel

Procedure:

1. Fix and plac; the Vicat apparatus on a flat surface and make necessary
adjustments.

2. Now take 40?gm of cement specimen and add 28% of water by the weight
of cement and mix it for up to 3 to 5 minutes. \

3. Then fill the cement paste into the Vicat mould and remove the excess
cement paste by the trowel.

4, Now place the Vicat mould on the Vicat apparatus and release the plunger
by contacting the cement paste surface.

\

|
10
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netrate the cement paste and note

ottom of the Vicat mould.
water ratio until the

5. Then relense the plunger and allow it to p¢

down the reading from the gauge scale from the b

6. 3 .
Now again, add water with cement paste at a different

reading lies between Smm and 7mm.

Fig.6 Vicat Apparatus

11

e
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Chapter 8 : Density test of cement

Aim;

To Determine the Density and Specific Gravity of Cement

Apparatus:

L.

Ordinary Portland Cement (OPC)

Le-Chatelier Flask of 250 ml or Specific Gravity Bottle / Pycnometer of 100 ml
Weighing Balance with 0.1g accuracy

Heavy Rubber Pad/about 12 in. X 12 in.

Kerosene (free of vYater having a specific gravity not less than 0.731)

Glass Funnel

Constant Temperature Water Bath

Procedure:

. Take the representative sample of the cement as per IS: 3535 -1986 and thoroughly

mix before testing.
Dry the Le-Chatelier flask and fill with kerosene oil or Naphtha to a point on the

stem between the 0 and 1ml mark.

After pouring, dry the inside of the flask above the level of the kerosene oil or
Naphtha if necessary.

Immerse the Le-Chatelier flask in a constant temperature water bath maintained at

room temperature for a sufficient interval before making either of the readings so

as to avoid variations greater than

. 0.2°C in the temperature of the liquid (kerosene or naphtha) in the flask.
. Record the level of the kerosene oil in the flask as initial height reading.
. Introduce a weighed quantity of cement (about 64 g for Portland cement) into the

flask at the same ltemperature as the liquid so that the level of kerosene rises to

about say 22 ml mark.

. Splashing should pe avoided and cement should not be allowed to adhere to the

insides of the ﬂasl% above the liquid (kerosene or naphtha).

12
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9. U pat f
se a vibrating apparatus to accelerate the introduction of the cement into the flask

an
d to prevent the cement from sticking to the neck.

10. A
fter all the cement has been introduced, insert the stopPet into
ment from air until no further

the flask and roll

th S
e flask gently in an inclined position to free the ce

air bubble rises to the surface of the liquid (kerosene Of naphtha).
e level of the liquid (kerosene Or

11.
If a proper amount of cement has been added, th
f the upper series of

naphtha) will be in its final position at some point O
graduations.

12. Keep the Le-Chatelier flask again in constant temper:
cient interval before making eith

ature water bath maintained

at room temperature for a suffi er of the readings

50 as to avoid variations greater than

13. 0.2°C in the temperature of the liquid (kerosene or naphth
14. Note down the new liquid (kerosene oil or naphtha) level in the flask as final height

a) in the flask.

reading.

)
Fig.7 Le-Chatelier Flask

13

—
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Chapter 9 : Initial and final setting time of cement
AIM:

To determine the initial and final setting time of cement, time take to set

Apparatus:;

—

Vicat’s apparatus
2. Balance

3. Measuring cylinder
4. Stop watch

5. Glass plate 1

6. Enamel tray

7. Trowel

Procedure:

1. Consistency test to be done before starting the test procedure to find out the
water required to give the paste normal consistency ®).
2. Take 400 g of cement and prepare a neat cement paste with 0.85P of water

7

by weight of cement.

3. Gauge time 1s kept between 3 to 5 minutes. Start the stop watch at the instant
when the watier is added to the cement. Rebord this time (T1).

4. Fill the Vicat mould, resting on a glass plate, with the cement paste gauged
as above. Fill the mould completely and smooth off the surface of the paste
making it level with the top of the mould. The cement block thus prepared is
called test block.

C} Scanned with OKEN Scanner



a)Initial Setting Time
1. Place the test block confined in the mould and resting on the non-porots plate,
under the rod bearing the needle.
2. Lower the needle gently until it comes in contact with the surface of test block
and quick release, allowing it to penetrate into the test block.
e test block. Repeat this

3. In the beginning the needle completely pierces th
le after every 2 minutes till the needle

procedure i.e. quickly releasing the need
bottom of the

fails to pierce the block for about 5 mm measured from the

mould. Note this time (T2).

b)Final Setting Time

] I
{

1. For determining the final setting time, replace the needle of the Vicat’s

apparatus by the needle with an annular attachment.
2. The cement i considered finally set when upon applying the final setting

needle gently to the surface of the test block; the needle makes an impression

thereon, while the attachment fails to do so. Record this time (T3).

Fig.8 Vicat Apparatus for Initial Setting Time

15
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Fig.9 Vicat Apparatus for Final Setting Time

16
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Chapter 10 : Marsh Cone Test for Viscosity

AIM:

To determine the viscosity and the optimum dosag

e of plasticizers and

superplasticizers for various types of cement.

Apparatus:

1.

3. The Mortar mixer to blend the cement paste with the preferred water-

A conical brass vessel is maintained on a wooden stand with a diameter of 50

cm or 80 cm at its base.
Stopwatch
cement

ratio

Procedure:

1.

First make a cement paste of 1L with a preferred water-cement ratio by

keeping 2 kg of cement to it.

While making the cement paste, the blending should be done in the mortar
mixer. The mortar mixer is utilized to neglect the formation of a lump at the
base of the vessel.

You can carry a water-cement ratio ranging from 0.3 to 0.5.

70 % of water is kept at the start of mixing in the first stage and the remaining
water is kept in the second stage with superplasticizers. The dosage of the
superplasticizer will be 0.1 %.of the weight of cement.

Take 1L slurry and flow it into the marsh cone by completing the aperture
with a finger.

Begin the stop and release the finger. Note the time required measure it in
seconds for thfe entire flow out of cement paste. This time measured in seconds
is called mars;h cone time.

Repeat the pr!evious stages with various quantities of plasticizers with the
desired water-cement ratio. The Saturation point is the dose at which marsh
cone time is minimum, This dose is the optimum dose of superplasticizer of

plasticizer for that brand or type of cement.

17
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Fig.10 Marsh Cone

18
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Chapter 11 : Density tog of ro

¢k piec

| plecey

The objective of 1}

10 to
o 518 to moaguge the dry d
sl ry density of samples of cylindrical of

Apparatus:

1.

Oven (24 br at 105 0C +/-5°C)

2. Desiccator
Caliper with accuracy of 0.1 mm

B
alance with accuracy 0 0.01 9 and range of 100 g

Sample contamer (not-corrodlble) with airtight lid,

Procedure: '

1. The specimen mass should be at least 50 g (cube of 3 x 3 x 3 cm3, or cylinder

with diameter of 2.5 cm and length 5 cm.)

2. The minimum specimen dimension should be at least ten times
the maximum grain size of the rock.

3. The specimen volume (V) is calculated from the average value of several
caliper readings (3 at least, with an accuracy of 0.1 mm) for each
dimension of the specimens.

4. The specimen is located in a container (to avoid loss of mass during
subsequent specimen handling), but without the lid, and dried in an oven to
constant mass (generally 24 hours is enough) at a temperature of 105.0C.
After replacmg the lid, the specimen is cooled in a desiccator for 30 minutes.

5. The mass(C) of the container (and lid) with the specimen is determined with

an accuracy of 0.1 g.

6. The container with the lid are cleaned and dried and its mass (A)is

determined.

19
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Fig.11 Rock Density Test Apparatus

20
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chapter 12

AIM‘

To find the water absorption capacity of R K
ck,

: Water absorptigp ¢ of rock piece

Appal‘atUS:

1. Balance accurate to (0 g
2. A wire basket

3. A container of water

4. A desiccator

5. Aclean, dry ciot

Procedure:

Weigh a clean, dry sample of rock, This is the initial weight of the rock, W1

Place the rock sample in the wire basket and suspend it in the container of
water.

3. Allow the rock sample to soak in the water for 24 hours.

Remove the rock sample from the water and wipe off any excess water with
the clean, dry cloth.

5. Weigh the rock sample again. This is the final weight of the rock, W2.

21

C} Scanned with OKEN Scanner



Fig.12 Water Absorption of Rock
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V. mm ﬂnd a hei t
3. A pair of conical indenters wig 5 radius of s &1t of 100

\ “‘m
4. Aload cell ’ ‘ ,
5. A data logger A

|
\

\

|

1. Mount the rock sample in the point loag testing machip,

2. Carefully align the rock Sample 50 that the

conical indenterg are i
with the same plane, ©1n contact

3. Secure the rock sample in place using the maching's clamps

4, Start by applying a small load to the indenterg,

5. Slowly and evenly increase the load until the Tock sample fajlg

6. Record the load at failure,

. e |
7. Ttis important to repeat the test for several rock g
\

measure of the point load strength index of the rock,

8. The point load strength index can be used to compare the strength of
\ . \

different rocks. It can also be used to assess the suitability of rocks for

various applications.

amples to get an accurate

e
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chapP
ATV

|

ter 14 ¢ Slump test of concrete iy

To determine the workabili
- | &y of concrete mix prepa
construction site during the progress of the work pared at the laboratory o g
work, ¢

Apparatus:

1.
2.
3.

Slump cone,

Scale for measurement,

Temping rod (steel)

o

Procedure:

L.

The mold for the concrete slump test is a frustum of a cone, 300 mm (12 in)
’ in) of

height. The base is 200 mm (8in) in diameter and it has a smaller opening at the

top of 100 mm (4 in).
The base is placed on a smooth surface and the container is filled with concrete

in three layers, whose workability is to be tested .

Each layer is temped 25 times with a standard 16 mm (5/8 in) diameter steel rod,

rounded at the end.

etely filled with concrete, the top surface is struck off

When the mold is compl
and rolling motion of

top opening) by means of screening

¢ firmly held against its base during the entire operation s0

that it could not move due to the pouring of concrete and this can be done by
) .
mold. '

dles or foot - rests brazed to the

(leveled with mould
the temping rod.
The mould must b

means of han
r filling is completed and the conorete is leveled, the con® is

Immediately afte
rted concrete will now slump.

fully lifted vertically, an unsuppo
1led slump:

slowly and care
the slumped concrete is €8

The decrease in the height of the center of
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g, Tho slump is measured by placjyy,

' . P ? S L v s

\
CONE 80 that It should alsa come (6t the deas
of slumped concerete, .

9. The decrease in height of conereye o that of

measured 10 the nearest 5 mm (1/4 in)

mold is noted with scale, (usually

Fig.14 Slump Cone Test Apparatus
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Chapter 15 : Moisture content of Soj]

AIM‘

Determination of Moisture Content in §o;).

Apparatus:
1. Soil Sample,
2. Balance,

3. Oven

4. Trays.

Procedure:

—

|
. Weigh both of the aluminum dishes. |
| |
. Aliquot approximately 50 g of moist soil intoleach aluminum dish and
reweigh the dishes. Hence, the moist weight of the soil sample is now

known.

N

. Dry the soil overnight at 105 °C in the oven.

w

4. Remove the dishes from the oven and allow them to cool.

Reweigh the dishes plus the oven dry soil. Now the weight of the dry soil is

b

known.
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Fig.15 Moisture Content Apparatus
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