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ABSTRACT

The building at a faster pace is the challenge for modern civil engineering construction. Precast construction has come
handy to address this issue. However, the problem faced in precast construction in the CO2 emission that has a big
impact in the environments. Hence to address this issue in this project a material has been proposed based on locally
available material and calcium lignosulphonate. This material if successfully developed would serve as the source of
future construction technology, ie, 3 D printing. From the literature, it was found the calcium lignosulphonate increases
the setting time of the material. This material decreases the content of water in concrete and it also increases the
strength since porosity is reduced. Basic tests in clay like plastic limit, liquid limit, and specific gravity were
conducted. Calcium lignosulphonate was added to clay and compared with the result of the clay and positive result
was obtained. Hence, UCC Test was conducted. UCC Test is used to find out the stress and strain strength of the clay.
Clay was made into the mold by added 0%, 5%, and 10% of calcium lignosulphonate. The UCC test reading was taken
for a different period of 0, 1, 3 days the different stress and strain value was observed in the form of the graph. By
adding calcium lignosulfonate, it was observed that shear failure was not obtained and bulging effect was found.
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INTRODUCTION

Earth has been used for building for thousands of years throughout the world spanning a diverse range of
climates and cultures. Earth itself is a multi-component system usually consisting of stones, sand, silt, clay,
water and, near the ground surface, organic humus. Structural stability of earth buildings is maintained by
the structural integrity of the sand and stone framework, by the pore filling capacity of the silt and, most
importantly, by the binding qualities of the clay, which are in turn influenced by the moisture content of the
soil. The raw material for the production of lignosulphonate is trees. Trees can be grouped as softwood and
hardwood. The wood substance on trees is composed of different cells, which give the mechanical strength
of the trees. The wood cell consists mainly of cellulose, hemicellulose, and lignin. A simplified picture
describes a skeleton of cellulose surrounded by other substances functioning as a matrix (hemicellulose)
and encrusting (lignin) materials. Wood can be separated into two categories of molecules: macromolecules
and low molecular weight substances. Macromolecular substances: Cellulose (45 %) Hemicellulose (20-25
%) Lignin (softwood 27-37 %, hardwood 16-29 %) The properties and chemical composition of lignin and
hemicellulose differ in softwood and hardwood, while the cellulose is a uniform component of all wood.
Low molecular weight substances: Extractives (terpenes, alcohols, aliphatic acids, aromatic compounds).

Wang Proposed the major types of Lignosulfonate (Lignosulphonate) in commercial use are sodium
lignosulfonate, calcium lignosulfonate, and magnesium lignosulfonate. These types depend upon the
extraction process of the complex polymer. Factors driving this market are high volume availability with
low cost, wide-ranging commercial applications, global pulp and paper industry growth, etc. In next few
years, Europe is expected to increase in consumption of lignosulfonate owing to demand from construction,
oil drilling, and mining. In Asia Pacific, China is estimated to become the second-largest consumer of
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lignosulfonates. Since 2001, the US has become net importer from net exporter creating opportunities for
offshore suppliers.

Many materials have been produced to be added to concrete to improve certain of its properties. Admixtures
may be classified as: Accelerators, retarders, waterproofing agents, finely divided workability aids,
pigments surface active agents and pozzolanas. Many admixtures affect more than one property of the
concrete and although they may improve one property they may be harmful to other properties.

A feature of retarding agents to which much attention has been devoted recently is their ability to reduce
the water requirements and to increase the strength of concrete mixes. This subject has been dealt with by
Grieb, vererner and Woolf. They experimented with concrete mixes having - between 5 1/4 and 6 bags of
Portland cement type 1 per cubic yard, using 1-inch maximum size. limestone and natural silica sand
aggregates and having an air content of 5 to 6 percentage and a slump of 2 to 3 inches. Retarders normally
increase the setting time and reduce the subsequent rate of hydration.

The use of pigments in concrete is the subject of British Standard Specification No. 1014 (1942). All 4
pigments must be permanent, and it is essential that they should not be affected by the free lime in the
concrete. As only a small qurultity of some pigments is required, they are sometimes mixed with fillers or
extenders. Common materials used for this purpose are chalk and barium sulphate.

EXPERIMENTAL
A series of tests on the use of air entraining admixtures was conducted. The main purposes of entraining
air in concrete are to increase the workability and to improve the resistance of the concrete to weathering
and to the action of frost. The main disadvantage of entrained air is the reduction in the strength of the
concrete which it causes.
Calcium lignosulphonate is a suitable dispersing agent which does not interfere with the normal hydration
process and does entrain a small amount of air in the concrete. For a fixed ratio of calcium lignosulphonate
to cement, the amount of air entrained is constant irrespective of the mix proportions, or at least falls within
a much closer range than that which would be obtained with foaming agents. For a dispersing agent, which
would normally be used, the percentage of air entrained will usually range between 3 and 4 percent; and if
higher percentages of air than this are required, a foaming agent should be used. A dispersing agent does
not reduce the strength of concrete to the same extent as a foaming agent; it has the same effect as a foaming
agent, although possibly to a smaller extent, of increasing the workability and of improving resistance to
freezing and thawing and of reducing bleeding.
Tuthill, Adams and Hemme, Jr. has published a p~per on the valuation of the compressive strength of
concrete which had various lignosulphonate products combined with sugar as an admixture. The paper
stated that the compressive strength of concrete was increased when a nominal dosage of the
lignosulphonate product was used. It was found that this type of admixture entrains little air. Good
performance of such an admixture, at the same cement content and initial slump, included increased
compressive strength and lower water requirement. However, there was no evidence that the sugar content
of lignin-based admixtures should be a cause for concern.
Currently, different types of other admixtures are being improved, both in performance and reliability. In
this investigation, calcium lignosulphonate was used as an admixture to test for its effect on shear strength
on clay soil

Unconfined Compression Test (UCC)

Loading frame of the capacity of 2 t, with a constant rate of movement. Proving ring of 0.01 kg sensitivity
for soft soils 0.05 kg for stiff soils. Frictionless end plates of 76 mm diameter (Perspex plate with silicon
grease coating). Dial gauge (0.01 mm accuracy) Soil sample of 38 mm diameter and 76 mm length.

Take two frictionless bearing plates of 38 mm diameter. Fig.-1 shows the experimental setup for UCC test.
Place the specimen on the base plate of the load frame (sandwiched between the end plates). Place a
hardened steel ball on the bearing plate. Adjust the center line of the specimen such that the proving ring
and the steel ball are in the same line. Fix a dial gauge to measure the vertical compression of the specimen.
Adjust the gear position on the load frame to give suitable vertical displacement. Start applying the load
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and record the readings of the proving ring dial and compression dial for every 5-mm compression. In UC
test, the commonly used loading rate is 1.25 mm/min. For harder specimens, 1.5 mm/min or 2.25 mm/min
can also be used. Continue loading till failure is complete, and then draw the sketch of the failure pattern
in the specimen.

ADVANCED MOISTURE

i BALANCE

i Dﬂs‘r IN Rs: 28 035
.0.P 20.07.2073,

Fig.-1: UCC Test

Liquid limit test

Mix the soil (paste with the spatulas for at least 10 minutes, distilled water must be added in successive
stages to give a cone penetration of about 15mm and mix well in. Mixing and kneading and must never be
overlooked. Press the soil paste against the side of the cup to avoid trapping air. Adjust the tip of the cone
with a few millimeters of the surface of the soil in the cup. Lower the stem of the dial gauge to contact the
top of the cone shaft. Record the reading of the dial gauge to the nearest 0.1mm (R1). Alternatively, if the
pointer is mounted on a friction sleeve, adjust the pointer to read zero. Set the timer for 5 seconds and then
press the button and release it immediately. Automatic re-locking of the stem is indicated by a click. The
apparatus must remain steady and must not be jerked. Record the dial reading to the nearest 0.1mm (R2).
Record the difference between R1 and R2 as the cone penetration. If the pointer was initially set to read
zero, the reading R2 gives the cone penetration directly. Lift out the cone and clean it carefully. Avoid
touching the sliding stem. Add a little more wet soil to the cup, without entrapping air, smooth off and
repeat procedure. Two consecutive penetrations should be within 0.5mm or three within Imm. Take a
moisture content sample of about 10g from the area penetrated by the cone using the tip of a small spatula.
Penetration range of the soil sample should be within 15-25mm. Repeat the procedure with different volume
of water to get at least 4 points evenly spaced. The moisture content of the soil from each penetration
reading is calculated from wet and dry weighing as in the moisture content test. Each cone penetration (mm)
is plotted as ordinate, against the corresponding moisture content (%) as abscissa, both to the linear scales.

Plastic limit test

Take about 20g of the prepaid soil paste and spread it on glass mixing plate so that it can partially dry. Mix
occasionally to avoid local drying out. When the soil is plastic enough, it is well kneaded and then shaped
into a ball. Mould the ball between the fingers and roll between the palms of the hands so that the warmth
of he hands slowly dries it. When slight cracks begin to appear on the surface, divide the ball into two
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portions each of about 10g. Further divide each into four equal parts, but keep each set of four parts together.
One of the parts is needed by the fingers to equalize the distribution of moisture and then formed into a
thread about 6mm diameter, using the first finger and thumb of each hand. Roll the thread between the
fingers of the one hand and the surface of the glass plate by uniform pressure. Crumbling of the thread
include falling apart in small pieces; breaking into many short pieces tapered towards the ends; longitudinal
splitting from the ends towards the middle and then falling apart. As soon as the crumbling stage is reached,
gather the crumbled threads and place them into a weighed moisture content container. Replace the lid
immediately. Repeat procedure (4) to (8) for other pieces of soil and place in the same container. Weigh
the container and soil as soon as possible, dry in the oven overnight, cool and weigh dry, as in the standard
moisture content procedure. Repeat procedure (4) to (9) on the other set of four portions of the soil, using
a second moisture content container. Calculate the moisture content of the soil in each of the two containers.
Take the average of the two results. The method of the preparation of the soil is reported and so is the
percentage of material passing the 425um sieve if it was sieved. The result is usually reported on the same
sheet as the liquid limit test. The difference between the liquid limit and the plastic limit is calculated to
give the plasticity index :

(Ip)ofthesoil: Ip=WL-WP

The value is also reported to the nearest whole number. If it is possible to perform the plastic limit test, the
soil is reported as non-plastic (NP). This also applies if the plastic limit is equal to or greater than the liquid
limit: the latter can occur in same soils with a high mica content (Tubey and Webster, 1978).

RESULTS AND DISCUSSION
The specimens were tested for O days, 3 days and 7 days and the results were tabulated. Based on the
tabulations discussions were made on the results. Table-1 shows the specific gravity of the clay, where table
2 and table 3 shows the liquid and plastic limit test results of the sample.

Table-1: Specific Gravity of Calcium Lignosulphonate

S. No. Observations an Calculations Determination No.
1 2 3
Observation
1 Pycnometer No. 1 2 3
2 Room Temperature 320 320 320
3 Mass of empty Pycnometer (M1) 0.675 0.675 0.675
4 Mass of Pycnometer and dry soil (M2) 1.112 1.035 1.012
5 Mass of Pycnometer, soil and water (M3) 1.807 1.752 1.652
6 Mass of Pycnometer and water (M4) 1.549 1.522 1.438
Calculations
SPECIFIC GRAVITY 2.441 2.11 1.87
(w2 -w1)
T W2 —w1l) — (W3 —w4)

Liquid limit test
Table-2: liquid limit for various addition of calcium lignosulphonate
S. No. Sieve size 0%calcium 5%calcium 10%calcium
Lignosulphonate Lignosulphonate Lignosulphonate
1 4.75 42 342 27.2
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Plastic limit test

Table-3: Plastic limit liquid limit for various addition of calcium li
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gnosulphonate

Empty weight of Can Weight of Can and Lid + | Weight of Can and lid + (W2 -Ww3)
and Lid (W1) gm Wet Soil (W2) gm Dry soil (W3) gm PL=w3—w
30 65 47 1.05
32 37 34.24 1.48
UCC test
Table-4: 0% Calcium lignosulphonate with Clay on the same day
S. No. | Elapsed | Compression Least Strain % Area=Ao/( | Load Dial | Load (KN) Stress
time Dial Count (e) Strain 1-e) Reading (N/mm2)
Reading
1 0 0 0.01 0 0.0000 11.360 0 0 0.000
2 10 25 0.01 0.25 | 0.0033 11.397 0.5 0.5 0.044
3 20 72 0.01 0.72 | 0.0095 11.469 1 1 0.087
4 30 102 0.01 1.02 | 0.0134 11.515 1.6 1.6 0.139
5 40 127 0.01 1.27 | 0.0167 11.553 2.5 2.5 0.216
6 50 156 0.01 1.56 | 0.0205 11.598 5 5 0.431
7 60 180 0.01 1.8 | 0.0237 11.636 5.8 5.8 0.498
8 70 218 0.01 2.18 | 0.0287 11.695 6.5 6.5 0.556
9 80 280 0.01 2.8 | 0.0368 11.795 6.8 6.8 0.577
10 90 345 0.01 3.45 | 0.0454 11.900 7 0.588
11 100 378 0.01 3.78 | 0.0497 11.955 7 0.586
12 110 415 0.01 4.15 | 0.0546 12.016 6.8 6.8 0.566
13 120 445 0.01 445 | 0.0586 12.067 6.5 6.5 0.539
Table-5: 0% Calcium Lignosulphonate in Clay (1 Day)
S. Elapsed | Compression | Least | Strain % Area=Ao/ | Load Dial | Load (KN) Stress
No. time Dial Count (e) Strain (1-e) Reading (N/mm2)
Reading
1 0 0 0.01 0 0.0000 11.360 0 0 0.000
2 10 49 0.01 0.49 | 0.0064 11.434 0.6 0.6 0.052
3 20 85 0.01 0.85 | 0.0112 11.488 1.5 1.5 0.131
4 30 118 0.01 1.18 | 0.0155 11.539 2.8 2.8 0.243
5 40 157 0.01 1.57 | 0.0207 11.600 4.2 4.2 0.362
6 50 198 0.01 1.98 | 0.0261 11.664 55 55 0.472
7 60 234 0.01 2.34 | 0.0308 11.721 7 7 0.597
8 70 270 0.01 2.7 0.0355 11.778 8.1 8.1 0.688
9 80 318 0.01 3.18 | 0.0418 11.856 8.5 8.5 0.717
10 90 397 0.01 3.97 | 0.0522 11.986 7 7 0.584

To evaluate the percentage of calcium lignosulphonate added with and duration factor. Various composition
such us 0%,5% and 10% for 0,1 and 3 days were studied. Tables-4, 5 and 6 give the 0% composition, that
is bare clay for 0,1 and 3 days. Table-7, 8 and 9 give the 5% composition of calcium lignosulphonate in
clay for 0,1 and 3 days respectively. Finally, Table-10, 11and 12 give the 10% composition of calcium
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lignosulphonate in clay for 0,1 and 3 days respectively. Fig-2, 3 and 4 show the Overall shear stress and
strain in 0%, 5% and 10% of Calcium lignosulphonate in clay for 0, 1 and 3 days.

Table-6: 0% Calcium Lignosulphonate in Clay (3 Day)

S. Elapsed | Compression | Least | Strain | % Strain Area= Load Dial Load Stress

No. time Dial Count (e) Ao/(1-e) Reading (KN) (N/mm?2)

Reading
1 0 0 0.01 0 0.0000 11.360 0 0 0.000
2 10 28 0.01 0.28 0.0037 11.402 1.5 0.5 0.044
3 20 50 0.01 0.5 0.0066 11.435 2.8 1 0.087
4 30 71 0.01 0.71 0.0093 11.467 4 4 0.349
5 40 93 0.01 0.93 0.0122 11.501 4.8 4.8 0.417
6 50 115 0.01 1.15 0.0151 11.535 55 5.5 0.477
7 60 134 0.01 1.34 0.0176 11.564 6.2 6.2 0.536
8 70 155 0.01 1.55 0.0204 11.597 6.7 6.7 0.578
9 80 176 0.01 1.76 0.0232 11.629 7.3 7.3 0.628
10 90 200 0.01 2 0.0263 11.667 7 7 0.600
Table-7: 5% Calcium lignosulphonate with Clay on the same day

S. Elapsed | Compressi | Least Strain % Area= Load Dial Load Stress

No. time on Dial Count (e) Strain Ao/(1-e) Reading (KN) (N/mm?2)

Reading
1 0 0 0.01 0 0.0000 11.360 0 0 0.000
2 10 15 0.01 0.15 0.0020 11.382 0.5 0.5 0.044
3 20 38 0.01 0.38 0.0050 11.417 1.2 1 0.088
4 30 55 0.01 0.55 0.0072 11.443 24 24 0.210
5 40 80 0.01 0.8 0.0105 11.481 2.8 2.8 0.244
6 50 115 0.01 1.15 0.0151 11.535 3.2 32 0.277
7 60 135 0.01 1.35 0.0178 11.565 3.7 3.7 0.320
8 70 160 0.01 1.6 0.0211 11.604 4.2 4.2 0.362
9 80 195 0.01 1.95 0.0257 11.659 4.6 4.6 0.395
10 90 210 0.01 2.1 0.0276 11.683 0.428
11 100 225 0.01 2.25 0.0296 11.707 0.427
12 110 245 0.01 245 0.0322 11.738 4.8 4.8 0.409
13 120 262 0.01 2.62 0.0345 11.766 4.4 4.4 0.374
Table-8: 5% Calcium lignosulphonate with Clay (1 Day)
S. Elaps | Compressi | Least Strain % Strain | Area= Load Dial | Load Stress
No. ed on Dial Count (e) Ao/(1-e) Reading (KN) (N/mm?2)
time Reading

1 0 0 0.01 0 0.0000 11.360 0 0 0

2 10 49 0.01 0.49 0.0064 11.434 6 0.5 0.0044

3 20 85 0.01 0.85 0.0112 11.488 15 1 0.0087

4 30 118 0.01 1.18 0.0155 11.539 28 28 0.2427
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5 40 157 0.01 1.57 0.0207 11.600 42 42 0.3621
6 50 198 0.01 1.98 0.0261 11.664 55 55 0.4715
7 60 234 0.01 2.34 0.0308 11.721 70 70 0.5972
8 70 270 0.01 2.7 0.0355 11.778 81 81 0.6877

Fig.-5 shows the failure pattern of test clay specimen without and with calcium lignosulphonate. The
Maximum stress was increased from 0% calcium lignosulphonate addition in clay to 5% lignosulphonate
addition in clay and then it is decreased when 10% calcium lignosulphonate was added. The optimum
percentage lies between 0% and 5 % of calcium lignosulphonate addition in clay. The failure type also
varies when calcium lignosulphonate was added to clay soil. Shear failure was totally arrested when calcium
lignosulphonate is added as an additive in clay.

Table-9: 5% Calcium lignosulphonate with Clay (3 Day)

S. Elapsed | Compres | Least Strain (e) | % Area= Load Dial | Load Stress
No. time sion Dial | Count Strain Ao/(1-e) Reading (KN) (N/mm?2)
Reading
1 0 0 0.01 0 0.0000 | 11.360 0 0 0.000
2 10 28 0.01 0.28 0.0037 | 11.402 0.9 0.9 0.079
3 20 54 0.01 0.54 0.0071 | 11.441 1.6 1.6 0.140
4 30 72 0.01 0.72 0.0095 | 11.469 23 23 0.201
5 40 94 0.01 0.94 0.0124 | 11.502 32 32 0.278
6 50 120 0.01 1.2 0.0158 | 11.542 3.8 3.8 0.329
7 60 148 0.01 1.48 0.0195 | 11.586 4.4 4.4 0.380
8 70 185 0.01 1.85 0.0243 | 11.643 4.8 4.8 0.412
9 80 215 0.01 2.15 0.0283 | 11.691 5 5 0.428
10 90 252 0.01 2.52 0.0332 | 11.750 4.4 4.4 0.374
11 100 276 0.01 2.76 0.0363 | 11.788 32 32 0.271
12 110 276 0.01 2.76 0.0363 | 11.788 23 23 0.195

—a— 0% 0 day
0.8 - —eo— 0% 1 day
—a— 0% 3 days!

0.7 -
0.6 4
0.5+

0.4 o

Shear Stress

0.3 4
0.2 4

0.1+ A

o
0.00  0.01 0.02 0.03 0.04  0.05 0.06

Shear Stress

Fig.-2: Overall axial stress and axial strain for 0% calcium lignosulphonate in Clay
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—=— 5% 0O days
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—a&— 5 % 3 days
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0.03

v T

0.04

Shear Stress

Fig.-3: Overall 5% of Calcium Lignosulphonate in clay for 0, 1, 3 days

Table-10: 10% Calcium lignosulphonate with Clay (0 Day)

S. | Elapsed | Compression | Least | Strain % Area= Load Dial Load Stress
No time Dial Count (e) Strain Ao/(1-e) Reading (KN) (N/mm?2)
. Reading
1 0 0 0.01 0 0.0000 11.360 0 0 0.000
2 10 15 0.01 0.15 | 0.0020 11.382 0.5 0.5 0.044
3 20 38 0.01 0.38 | 0.0050 11.417 1.2 1 0.088
4 30 55 0.01 0.55 | 0.0072 11.443 24 24 0.210
5 40 80 0.01 0.8 | 0.0105 11.481 2.8 2.8 0.244
6 50 115 0.01 1.15 | 0.0151 11.535 32 32 0.277
7 60 135 0.01 1.35 | 0.0178 11.565 3.7 3.7 0.320
8 70 160 0.01 1.6 | 0.0211 11.604 4.2 4.2 0.362
9 80 195 0.01 1.95 | 0.0257 11.659 4.6 4.6 0.395
10 90 210 0.01 2.1 0.0276 11.683 0.428
11 100 225 0.01 2.25 | 0.0296 11.707 0.427
12 110 245 0.01 2.45 | 0.0322 11.738 4.8 4.8 0.409
13 120 262 0.01 2.62 | 0.0345 11.766 4.4 4.4 0.374
Table-11: 10% Calcium lignosulphonate with Clay (1 Day)
S. | Elapsed | Compression | Least | Strain % Area= Load Dial Load Stress
No. time Dial Count (e) Strain Ao/(1-e) Reading (KN) (N/mm2)
Reading
1 0 0 0.01 0 0.0000 11.360 0 0 0.000
2 10 28 0.01 0.28 0.0037 11.402 1.5 0.5 0.044
3 20 50 0.01 0.5 0.0066 11.435 2.8 0.087
4 30 71 0.01 0.71 0.0093 11.467 4 4 0.349
5 40 93 0.01 0.93 0.0122 11.501 4.8 4.8 0.417
6 50 115 0.01 1.15 0.0151 11.535 55 55 0.477
7 60 134 0.01 1.34 | 0.0176 11.564 6.2 6.2 0.536
8 70 155 0.01 1.55 0.0204 11.597 6.7 6.7 0.578
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9 80 176 0.01 1.76 | 0.0232 11.629 7.3 7.3 0.628
10 90 200 0.01 2 0.0263 11.667 7 7 0.600
Table-12: 10% Calcium lignosulphonate with Clay (3 Day)
S. | Elapsed | Compression | Least | Strain % Area= Load Dial Load Stress
No time Dial Count (e) Strain Ao/(1-e) Reading (KN) (N/mm2)
Reading
1 0 0 0.01 0 0.0000 11.360 0 0 0.000
2 10 12 0.01 0.12 | 0.0016 11.378 0.7 0.5 0.044
3 20 22 0.01 0.22 | 0.0029 11.393 1 1 0.088
4 30 28 0.01 0.28 | 0.0037 11.402 1.3 1.3 0.114
5 40 36 0.01 0.36 | 0.0047 11.414 1.6 1.6 0.140
6 50 45 0.01 0.45 | 0.0059 11.428 1.8 1.8 0.158
7 60 55 0.01 0.55 | 0.0072 11.443 2 2 0.175
8 70 65 0.01 0.65 | 0.0086 11.458 2.1 2.1 0.183
9 80 76 0.01 0.76 | 0.0100 11.475 2.1 2.1 0.183
10 90 92 0.01 0.92 | 0.0121 11.499 2.07 2.07 0.180

—a— 10% 0 day
0.7 5 —eo— 10% 1 day
—a— 10% 3 days

0.3 4

Shear Stress

0.2 4

0.1 4

1| U —
0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035

Shear Stress

Fig.-4: Overall 10% of Calcium Lignosulphonate in clay for 0, 1, 3 days

CONCLUSION

Based on the results and discussions made on the unconfined compressive strength of the clay and addition
of calcium lignosulphonate, the axial shear stress was increasing in the addition of 5 % of lignosulphonate
on 3 days test. Maximum Cohesion value is attained in addition of 5 % calcium lignosulphonate in the clay,
it shows that the interparticle friction of soil particles is increased. The failure type also varies when calcium
lignosulphonate was added to clay soil. Shear failure was totally arrested when calcium lignosulphonate is
added as an additive in clay. Increasing of calcium lignosulphonate added in the clay gives lesser shear
stress and it's having the lesser cohesion in the soil element. It implies that addition of 5% of calcium
lignosulphonate in the clay can be used for 3D printing applications.
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a) Without Calcium lignosulfonate b) With Calcium lignosulfonate

Fig.-5: Failure behavior of Test Specimen (a) without calcium lignosulphonate (b) With Calcium lignosulphonate

Table-13: Calcium Lignosulphonate in %

Percentage o (Vertical Cu (Undrained
stress) Shear strength)
0% 0 0.539 0.2695
0.584 0.292
3 0.599 0.2995
c Cu
5% 0 0.374 0.187
0.584 0.292
3 0.623 0.3115
c Cu
10% 0% 0.043 0.0215
1 0.076 0.038
3 0.064 0.032
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