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SYNOPSIS

Based on tho results of tosts carried out on different types of aggregates
obtained from all over India, this study stresses the importance of testing the
adhesion characteristics of tho road aggregates, in addition to their physical
properties, for use in Llack top surfacing, 1t is found that even aggregates
of the samo geological group have widely varying adhesion properties. The
petrographic analysis is carried out to see as to how far the surface texture,
grain size and mineralogical composition of the road aggregate aro responsible
for the adhesion botween it and the binder. Suitable binders are also recom-
mended for aggregates with very low stripping resistance. The findings of this
study will help to & great extent in tho proper choice of an aggregate and
binder for use in black top surfacings.

* Central Road Research Institute, New Deolhi.
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2 NAiR & GoeTE ON

1. INTRODUCTION

1.1. The progress of a country is usually linked with the length
of all-weather roads it has. On area basis, India has at present only

about 28 miles of roads per hundred square miles. This is likely
to be increased to over 50 miles in 1980-81.

L2 Of t'h.e various types of the road surfacing, the black top
paving comprising of the surface dressing and the premix open tex-
ture carpet ha.s the greatest length. For the construction of the dense
graded bituminous and concrete roads, though far superior, costly
machinery as well as efficient quality control and knowledge of
modern laying techniques are essential. Uptill 1951, there were
only 1,075 and 12,845 miles of concrete and black top surfaced roads
respectively in India, while, in 1956, the figures rose to 2,400 and
30,940 miles respectively? which clearly shows the rz,upid and
considerable increase in the length of black top surfacing.

L.3. Availability of suitable road stones (which form over

90 per cent of the surfacing) is the foremost requisite in a road
project. It has to withstand the detrimental efiects of traffic and
weather and thus affect the life of the road. In a vast country like
ours, numerous varieties of stones are used for surfacing of the
roads. ' Some. of these especially of the granite sand quartzite groups,
are quite satisfactory as far as their physical standards are concer-
ned, but have comparatively lower stripping resistance compared
 to the trap or charnockite varieties. However, due to their existence
in abundance, they have to be made good use of for construction of

roadg from economy point of view, after choosing the best binder
to withstand stripping.

1.4. To avoid failure of the surfacing due to physical drawbacks
or stripping, the aggregate to be used in road making, should be
tested in advance. With this object in view, samples of road
aggregates were obtained from all over India and were tested for
their suitability based on their physical properties and resistance to

stripping when coated with bitumen and tar. Suitable bind
also recommended for those a . © binders are
resistance. ggregates with very low stripping

1.5. While the physical : . i
as crushing, abrasi%n}: & studies deal with the properties such

: : absorption, adhesion with ~bituminous
bm;lers, ;stc., d}etmlo@ petrological study was also made de;ling with
s:r acef extulq, grain size and mineralogical composition of the
stones from which suitability of an aggregate for use in black top
pavements can be predicted to a certain extent.
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2. THE ROAD AGGREGATES RECEIVED

2.1. 108 samples of road aggregates being used for black top
pavements were received for this study from various Highway
departments of the country. Data regarding the name of the quarry
and the source or area where available were also collected.

Details based on experience about the suitability of the
aggregates for bituminous road construction are available only for
a few samples all of which invariably show satisfactory behaviour.

2.2. Maximum number of samples were received from Bombay
(Maharashtra and Gujarat) (34), followed by Andhra Pradesh (26),
Madras (14), Madhya Pradesh (9), Bihar (7), Mysore (6), Punjab (4),
Rajasthan (2), Assam (1), West Bengal (1), Himachal Pradesh (3) -and
Delhi (1). No samples were received from Uttar Pradesh, Kerala,
Orissa and Kashmir., Where more than one sample was sent from a
place, though geologically belonging to the same group, they were
tested separately, especially when the quarries from where obtained
were different. In the case of mixture of two or more varieties,
based on the type of rock, colour or surface texture, e.g., the samples
from Durg (M.P.) contained both limestone and sandstone ; the sam-
ples from Dadri (Punjab) contained 7 types of quartzites and 2 of
dolerites ; the grey and pink granites from Karim Nagar (A.P.) and
three varieties of granites from Bhiwani (the granite gneiss a
medium to coarse pink variety as well as a medium textured and
weathered grey type) were separated and tested. The granite samples
from Darjeeling were also separated into three groups for stripping
tests. In this connection it is of interest to note that ¢ Shergold”
is alzo of the view that results obtained on a sample from one part
of a quarry sometimes differ from those obtained on a sample taken
at the same time from another part of the same quarry and consi-
ders only the tests made recently as valid®.

2.3. Samples of aggregates received from 12 sources were t00
small in quantity for testing purposes. Three samples could not be
separated into their constituents. Thus, while physical tests could
not be carried out on samples from 15 sources, stripping test could not
be done on samples from 13 sources only (Tables 1 and 2). On the
whole, 122 samples were tested for evaluating their adhesion charac-
teristics with bitumen and tar, while 114 samples were tested for
specific gravity, absorption, crushing value and abrasive resistance.
111 samples were put to a megascopical examination, while 100 sam-
ples were cut in thin sections and analysed microscopically. 30 sam-
ples representing various types of road stones were examined in-
detail for the quantitative study of the mineralogical composition..
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TasrLe 1

Results of Physical Tests
Type of Aggregate

Specific | Absorp- , Crushing| Wear ’
8. No.| gravity tion value Per Remarks
Bulk 8.8.D.| Per cent 1 (L.8.) cent
‘A’ Trap
1 2.89 14 24.0 12.9
2a. 2.99 0.6 16.7 8.9
2b. 2.90 0.8 14.3 8.9
3. 2.82 LO 18.8 9.4
4, 2.97 1.0 16.2 7.9
5 2.89 1.2 17.2 9.5
6 2,94 2.3 17.1 10.7
7. 2,71 5.2 22,0 16.0 Vesicular
8 2.94 1.6 16.8 11.0
9 3.05 0.4 15.9 8.0
10. 2.97 1.2 16.3 10.4
11, 2,94 1.3 16.7 10.0
12, 2.89 0.9 14.8 8.5
12, 2.90 0.7 15.0 8.8
14, 2.88 11 174 8.6
15. 3.00 11 16.4 10.2
16. 2,04 1.1 121 8.2
16a. 2.95 1.1 17.2 10.7
117. 2.90 0.3 11.2 8.1
18. 301 . 0.4 13.3 8.7
19, 2.81 1.3 21.6 134 Vesicular
20. 2.87 Lo 17.4 9.0
21, 2.92 Lo 15.6 1.7
22, 2.96 1.0 16.0 9.2
23a, 2.99 15 16.3 9.3
23b. 2.95 1.0 13.1 8.6
24a. 2.90 0.8 17.3 10.3
24b. 2.88 1.0 18.1 10.3
26, 2,89 16

18,2 10,4
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TABLE 1 (contd.)

x| Sreite | Abgore- [ Crisbingl wane | gy
Bulk 8.8.D.| Per cent (LS.)

26. 2.83 1.6 17.8 11.4

27. 2.85 1.7 16.0 10.2

28, 2.95 1.4 15.1 9.1

29, 2,95 1.1 16,1 a5

30. 2.86 1.4 16.2 10,0

31. 2,95 0.9 15.5 8.4

32, 2.80 14 27.8 23.9

33. 3.01 0.9 16.4 7.5

34. 2.98 0.7 26.3 19.5

35a. 3.28 0.3 18.4 16.7

35h. 3.36 0.3 22.0 21.9

‘B’ Granite

36. 2.67 1.1 16.9 12.8

37. 2.69 0.3 22,0 13.4

38a. 2.67 0.3 22,9 154

38h. 2.62 03 27.2 21.2

39a. 2.72 0.2 29.5 25.9 Quartz fissured

39b. 2,64 0.3 25.0 17.9

40. 2.75 0.4 20.5 17.6

41, 2.65 0,3 26.1 144

42. 2.67 0.5 32.5 272  Alteration ~ of _ potash
feldspar and mica

42a. 2,63 0.4 27.3 20.0

43, 2,71 0.4 21.1 14.0

44a, 2.63 0.4 29.8 26.0 Microclinic, alteration of
feldspar

44b. 2.70 0.2 23.0 20,0

45, 2.68 0.3 22.7 15.56

486, 2.63 0.7 31.6 354  Quartz fissured, altera-
tion of bulk minerals

47a. 2.66 0.8 27.1 19.7 Gneiss

4, 2,13 1.3 20,9 15,1  Pink coloup
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TABLE 1 (contd.)

Specific Absorp-~ | Crushing ‘
S. No. gravity tion value | Wear R
Bulk 8.8.D.!| Per cent (L.S.) ‘Per cent emarks
470. NO TEST Grey colour
48. 2.65 0.5 20.6 31.8 Micaceous, alteration in
bulk minerals
Oa, ~
19;‘)' } 2,64 0.5 27,0 20.1
30, 2.64 0.4 20,8 4.5
51. 2,61 0.7 31.3 30.7 Weathered, grey and
light brown
a2 2.69 0.3 278 214
33. 2,74 0.5 24.5 19.5
54, 2.64 0.3 27.9 19.6
55, 2.66 0.3 22.2 154
56 2.65 0.4 29.6 23.9 D(;,composition factor
vigh, highl tassic
a7, 2.64 0.2 26,0 19.6 ¢ By potassi
58a. Wenthered
;:zb. } NO TEST Micaceous
5Re, Pegmatite
59, 2,73 0.5 19.8 14.3 Schists
60, 2.75 0.4 18.1 12,8 Do,
61, 2.76 0.3 15.0 115 Do,
‘C’ Quartzite
62, 2.62 1.6 18.3 23.0
63a, 2,59 0.6 25.4 25,2
63b, 2.65 0.4 24,0 18.5
63c. 2,65 0.5 25.3 20.5
63d. 2,
m( 2?; 0.6 28.9 207 Leached, pink colour
Jde. . 5°
0.5 28.7 29,6 Grey, leached
63f, 2.61 0.4 257 214
63g. 2.60 0.7 23.1 19.8
64, 2.60 0.6 21.8 17.8
65. 2,56 2, 5
0 315 33.1  Micaceous
66. 2.78 0.5 24.7 23.6
617, NQ TEST

Roap AcGREGATES 1IN Brack Tor Surracines

TABLE 1 (contd.)

8. No. Zf:frf; Algz&r‘p- C:;Tlﬂ:ang P:yzg; 4 Remarks
Bulk 8.8.D. | Per cent (L.S.)
68, 2,65 0.4 19,7 15.1
69. 2,70 0.6 15.3 10.3
70. 2.68 0.2 23.7 23.8
‘D’ Charnockite

1. 3.10 1.0 25.6 28.8
72, 2.78 0.2 19,1 14.2
73. 2.75 0.3 20.3 13.5
. 2.83 0.3 19.6 176
75. 2,79 0.3 19.4 14.5
76. 2.75 0.2 22,7 14.0
7. 2.1 0.2 22,2 14.9
78. 2.68 0.2 21.2 16.0
79, 2.69 0.4 21.4 16.1
80. 2,73 0.3 22.2 13.7
81. 2,92 0.2 18.9 14.1
82, 2.68 0.2 22,4 16.3
83. 3.00 0.3 23.5 18.3

‘E’ Limestone
84a. 2.1 0.3 24,7 16.0
84b, 2,73 1.8 23.0 14.4
84c. 2.76 0.9 20.2 119
85, 2,80 0.4 22.9 19.4
86, 2.75 0.8 24.8 15.5
87. 2.65 1.3 15.0 18.2
88, NO TEST

‘F’ Sandstone
89. 2.72 0.8 18.8 16.4
90, 2.96 0.9 57 7.6 Rounded
91, 2.59 1.0 213 174
02, 2.62 14 27,6 319  Light violet colour,
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TaBLE 1 (contd.)

Specifie ! Absorp- | Crushing Wear
S. No. gravity tion value Remark
Bulk S.8D.| Percent | (LS, (Por cont e
93. NO TEST
94a. 2,65 0.3 16.6 13.3
04b. 2.60 0.4 24,2 20,1
093, 2.83 0.5 15.2 11.5
‘G’ River Shingle
6. 2.90 0.8 15.4 9.1 Rounded, smooth (Trap)
97, 2.68 0.8 18.4 16.2 " (Quartzite)
08. 2.67 0.9 23.6 22,7 . (Pitted and
weathered)
‘H’ Laterite
99, 2.81 5.5 40.3 33.8

ROAD AGGREGATES NOT TESTED
(1) Insufficient Quantity :

Samples from :

Pudukkottai, Madras
Attur West - do,
Madurantakam  do.
Satna, Bombay
Kheralu do.
Ahwa do.
Chalisgaon do,
Akola, do.
Guntur,

Andhra Pradesh

Seraikella, Bihar
Durg, Madhya Pradesh
Darjeeling, West Bengal
(2) Mixtures:
Samples from :
Kandaghat, Madhys, Pradesh

Vijayawada, Andhrg Pradesh
. Adoni

do,

Roap AGGREGATES IN Brack Tor SURFACINGS 9
TasLE 2
Results of Adhesion Tests
Type of Aggregates
Per cent
Stripping
S, No. Source Quarry 807100 R.T.
bitu- |Grade
men| 3
‘A’ Trap
il Nil
1. Nagpur, Bombay Boregaon N511 51
j Asambia, M. 23, Bhuj~-
2a. Bhuj, Bombay sambia, 1. 2
2b. Bhuj, Bombay Viri, 2 M., South of Nil Nil
. ’ Anjar
' Sevalia, 1 M. from Do. Do.
3. Dakor, Bombay Sevalia Station
4. Khamgaon, Bombay M. 31/5, Akola-Kham- Do, Do.
. ' gaon Road
. Do
5. Himmatnagar, Andhra Pradesh — 1130 o
. 0.
6.  Akola, Bombay — ? o
7. Panwel, Bombay M. 44/7, Bombay-Poona 25 0.
' ’ Road 4
ii Do.
8. Malikapur, Madhya Pradesh — Nil DO
0.
9. Dhandhuka, Bombay — go o
10. Murtizapur, Madhya Pradesh —_ Do. Do.
11. Khamgaon, Bombay — DO- Do~
12.  Sevalia, Bombay Sevalia P.W.D. Do. Do.
13. Navasari, Bombay —_ DO- o
0. .
14.  Surat, Bombay —_— o o
15.  Amravati, Bombay —_ 5 DO DO.
Bhandrup, M. 19, Bom- ) .
18. Thana, Bombay e Foad
— Do. Do.
16a. Bhiwandi, Bombay - DC; o
desh M. 5/2, Yerraghusia- .
17.  Cuddapah, Andhra Prades e IL [;alli orrag
i D Do.
18.  Baroda, Bombay Devriver o o
19. Nirmal, Andhra Pradesh Mﬂllaoobghat, M. 140/ Do 0.
Do.
20. Amreli, Bombay — 0 ]:;0 o
M. 19 and 87, FPoona= 0 .
2. Poona, Bombay Noar Road
i . Do
22.  Morvi, Bombay Daladi Do

2
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TABLE 2 (contd.)

8. No.

Source

(23&.
23b.

24a.,
24b.

25,
26.
27,
28,
29.

30.
31.

32.
33.

34.

35b.

36.
37,

38a.

38hb.
39a.
39b.

40,
41,

42

Naldurg, Bombay
Naldurg, Bombay

Gondal, Bombay
Gondal, Bombay

Netrang, Bombay
Dohat, Bombay
Godhra, Bombay

Bhusawal, Bombay
Dalim, Bombay

Kallapardi, Bombay
Pakur, Bombay

Jamtara, Bihar
Sokdel, Madhysa Pradesh

Ambikapur, Madhya Pradesh

Dadri, East Punjab
Dadri, East Punjab

‘B’ Granite

Simla, Himachal Pradesh
Kangayam, Madras
Kandi, Andhra Pradesh

Kandi, Andra Pradesh

Karimnagar, Andhra Pradesh
Karminagar, Andhra Pradesh
Kawali, Andhra Pradesh

Madanapalli, Andhra Pradesh

‘West Chittoor, Andhra Pradesh

Por cent
Stripping
Quarry }\8——-———'—0”00 =T
| bitu~ (Grade
| men 3
— Nil Nil
— Do. Do.
4 M, from Gondal in Do. Do.
N.H. 8-B. Do. Do.
Near Arethi Viilage Do. Deo.
— Do. Do.
Timba, Bank of Mahi Do. Do.
River
Kandari, Bank of Taptti Do. Do.
River
M. 120/3, NNH. 9, Osma- Do. Do.
nabad District
- Do, Deo.
Lilatalab, 2 M. from Do. Do.
Pakur Railway Sta-
tion
Nutandih Do. Do.
Goparu, M. 85/0, Rewa- Do. Do.
Shahdol Road
Luchki, M. 3/3, Ambika«= Do. Do.
pur-Pathalgaon Road
Kalyana Do. De.
Kalyana Do. 5
— 15 5
Sivamalai 40 70
Bandlaguda, M. 20/4, 30 10
Hyderabad-Sholapur
Road
Do, 20 15
Do. 156 20
Do, 0 b
Gadhin 15 10
M. 158/1, Madras-Bom- 25 50
bay Road
Vangapalli, M. 09/, 15 15

adrag-Chittoo r-
Bangalore Road

Roap AcGREGATES IN BLack ToP SURFACINGS 11
TaBLE 2 (contd.)
Per cent
- Stripping
S. No. Source Quarry m
bitu- [Grade
men 3
428, Chittoor, Andhra Pradesh Annaswami Palli 20 25
43, Dhamtari, Madhya Pradesh — 30 - 10
44a. Hyderabad, Andhra Pradesh — 10 20
44b, Hyderabad, Andhra Pradesh — 35 60
43. Dhone, Andhra Pradesh M. 25/1, Benares-Cape 15 20
Comorin Road
46,  Sullurpetta, Andhra Pradesh — 5 15
47a. Bhiwani, East Punjab 10 25
47b. Bhiwani, East Punjab}» Khanak 10 25
47¢. Bhiwani, East Punjab Nil ‘Nll
48, Nellore West, Andhra Pradesh — Do. ADo.
49a. Kanigiri, Andhra Pradesh —_ Do. 10
49b. Kanigiri, Andhra Pradesh — 5 20
50, Bhongir, Andhra Pradesh —_ 10 30
51.  Gudur, Andhra Pradesh Patriguntam, M. 77/4, .
Madras-Calcutta Road Nil 8
52.  Bangarapet, Mysore — Do. Nil
53. Khammameth, Andhra Pradesh —_ Do, 10
54.  Tumkur, Mysore Siddaganga, M, 5 from
Tumkur, N.H. No. 4. 5 10
55.  Bhongir, Andhra Pradesh —_ Nil Nil
56.  Jangaon, Andhra Pradesh M. 49/7, Hyderabad- '
Hanamkonda Road 40 25
57.  Kazipet, Andhra Pradesh —_ 30 . 90
'58a. Darjeeling, West Bengal —_ Nif 30
58b. Darjeeling, West Bengal —_— Do. 80
68c. Darjeeling, West Bengal — 5 50
59.  Haliyal, Mysore — Nil Ni]
60. Dharwar, Mysore —_ Do. Do.
681,  Hubli, Mysore —_ 6 20
‘G’ Quartzite
62, Nargund, Mysore Nargund Hill 0 (Y
63a. Dadri, East Punjab Kapuri 10 15
63b. Dadri, East Punjab Kapuri Nil 25
630, _ Dadri, East Punjab Adalpur 28 50
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TABLE 2 (contd.)

Per cent
Stripping
S. No. Source Quarry 80/100] BT,
bitu- [Grade
__{men 3
63d. Dadri, East Punjab Adalpur 15 5
63e. Dadri, East Punjab Khudana 40 Nil
63f. Dadri, East Punjab Khudana 10 Do.
63g. Dadri, East Punjab Kalyan 30 Do.
64, Cuddaph, Andhra Pradesh M. 118/6, Nollore~
Bombay Rd. Nil 5
65, Nuzvid, Andhra Pradesh —_ 5 Nil
66. Kanke, Bihar Kanke, M. 7 from Ranchi 15 Do.
67, Walajabad, Madras Kovalukkad Nit 25
68.  Baria, Bombay — 15 50
69. Ranchi, Bihar Bania Thesa, M. 128/1, 15 Nil
Simdiga-Birmitrapur
Road
70.  Delhi, Delhi Badarpur Nil  Do.
‘D’ Charnockite
71. Kawali, Andhra Pradesh —_ Do. Do.
72. Tholudur, Madras Veppur, M. 137, Madras-
Trichy Road 5 Do.
73. Madras North, Madras Lihile Royapuram, 15 M,
from Madras Nil Do.
74. Madras, Madras — Do. Deo.
5. Namakkal, Madras Goolipally Do. Do.
76. Walajabad, Madras Kunnavakkam and
Pattumalai Do. Deo.
. Thirukalikundram, Madras Thirukalikundram Do. 5
78.  Acharapakkam, Madras Pallipettai Do. Nil
79. Walajabad, Madras _— Do. Do.
80. Dumka, Bihar Pagabha] Do. Do.
81.  Coonoor, Madras M. 9/8, Ooty-Mettu-~
palayam Road. Do. 10
82.  Chinglepet, Madras — Do, Nil
83,  Daltonganj, Bihar — Do. Do.
‘E’ Limestone
84a. Rewa, Madhya Pradesh Kalihai 5 20
84b, Rewa, Madhya Pradesh Saman Nil

10

ROAD AGGREGATES NOT TESTED

(1) Insufficienc Quantity

Samples from :
Pudukkottai,
Attur West,
Madurantakam,
Satna,
Kheralu,
Ahwa,
Chalisgaon,
Guntur,
Seraikella,

(2) Mixtures:

Samples from :
Kandaghat,
Vijayawada,
Adoni,

Madras

Madras

Madras

Bombay
Bombay
Bombay
Bombay
Andhra Pradesh
Bihar

Madhya Pradesh
Andhra Pradesh
Andhra Pradesh

RoAD AGGREGATES IN Braox Top SORFACINGS 13
TABLE 2 (contd.)
Per cent
Stripping
S. No. Souroce Quarry m
bitu- |Grade
men | 3
84c. Rewa, Madhya Pradesh Ramnai Do. Nil
85,  Simla, Himachal Pradesh — Do. 70
86. Raipur, Madhya Pradesh Rajun Do, &
87. Bhiwani, Bast Punjab —_ Do. 5.
88,  Durg, Madhya Pradesh —_ Do. Nil
‘R’ Sandstone
89, Simla, Himachal Pradesh Sanjauli, M. 6 from
Simla 10 Do.
90. Bhind, Bombay — Nil  Do.
91. Kotah, Rajasthan —_— Do. Do.
92. Dhamtari, Madhya Pradesh —_ 2(.) Do.
93.  Durg, Madhya Pradesh —_ Nil Do.
94a, Chinthala, Andhra Pradesh M. 86/1 Kurnool-
Guntur Road Do. Do.
94b.  Chinthala, Andhra Pradesh M. 5/8, Dornal-Srisailam
Road Do. Do.
95.  Palanpur, Rajasthan Chitrasani and Amirgadh Do.  Do.
‘G’ River Shingle
96. Khamgaon, Bombay M. 7, Khamgon-Nander Do. Do,
Road
97.  Dharamshala, E, Punjab —_ Do. Do.
98.  Silliguri, Bihar Mahananda & Kalihara Do. Do.
River
‘H’ Laterite
99. Malidhar, (Cachar) Assam — Do. Do.
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3. NATURE OF TEST SAMPLES

3.1. The road aggregates received are classified into seven main
groups, viz., trap, granite, quartzite, charnockite, sandstone, lime-
stone and river-shingle, One laterite sample was received from
Assam. The aggregate size in most of the samples varied from 2 to
6 in., hence, had to be broken afresh to the required sizes, while,
those received in broken state were used as received if of the

required sizes. The river-shingles, round and smooth, were tested
without breaking the same.

3.2, The sizes of road stone which are commonly employed
for surface dressing and open premix carpet are standard % in.
and } in. However, under identical conditions of testing stripping
is more as the size decreases, mainly because the smaller sizes in
most stones are flaky with sharp edges. Further, it is found that
nearly all the natural stones are weaker in the larger sizes and,
therefore, give higher aggregate crushing value than the smaller sizes
of the same material (I.S. 383—1952). Therefore, for the various
physical tests such as Los Angeles Abrasion test (3{4 in.to } in.
and § in. to 3/8 in.); Aggregate Crushing test (} in. to 3/8 in.);
Static Water Immersion test (1 in. to } in.) and Specific Gravity and
Absorption test (1 in. to 3/8 in.) were used. The sizes of the aggregatos

were 50 chosen that they represent as far as possible the size usually
used in surfacing of roads.

3.3. For the stripping test, the aggregates are not washed so
as to simulate figd condition, where the stones are probably never
washed, It is however desirable that there should not be any
dust coating on the aggregates; and that the maximum amount of
dust on looge dry aggregate for black top should not exceed 2 per
cent by weight of the aggregates'®. Washing of the aggregates

should be done in case of excessive amount of dust especially in the
form of coating on the aggregate.

3.4, The binders usually used for surface dressing and open
premix carpet are Road Tar Grade 3 and bitumen 80/100 penetra-

tion. For premix work with bitumen, the aggregates were heated

to a temperature of 280—300°F. Prior to coating with the binder
heated up to 350°F. Under these conditions any ql%estion about the
presence of moisture in the aggregates does not arise. In surface
dressing work where the aggregates are spread over the hot binder
sprayed on the prepared road bed, the initial moisture in the

aggregates plays an important part, especially as far as stripping is
concerne

. It is well-known that the affinity between stone and
water is bettex_' than that between stone and b%,nder and as such the
higher the moisture, the lower the ability of the binder to coat the
aggregate. However, when the aggregates are wet, some of the
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dhesive agents could very usefully be employed for the proper
wdhesion of binder with the wet stone surface.

3.5. When Road Tar Grade 3, used for the stripping test was
wated to 225°F. and mixed with the aggregates kept in an oven ab
L00°F. for an hour, it was found difficult to coat the aggregates well
it atmospheric temperature, Even under these conditions it was

ound that for perfect coating, effected in the laboratory, the mixing
0ok about two minutes over a flame.

4. PHYSICAL PROPERTIES OF THE AGGREGATES

4.1. Standard specifications are available for road aggregates
according to ASTM, B.8. or 1.8. Among the common general physical
characteristics may be mentioned that all aggregates shall be clean,
tough, durable, free of thin or elongated, soft or disintegrated
pieces, and shall not be coated with dirt or other objectionable
matter. Crushed gravel shall consist of fragments having two or
more fractured surfaces. Crushed slag shall be aircooled blast-

furnace slag with minimum compacted unit weight of 70 1b per
on. ft.

4.2.1. According to ASTM designation, D1139—b55T* the
maximum per cent wear in Los Angeles Abrasion test can be 40
for aggregates used for single or multiple surface treatments. For
coarse aggregates in bituminous concrete base and surface courses,
it is given that the coarse aggregate for the base coat shall not have
Los Angeles Abrasions test value exceeding 40 per®centthat for the
sub-base course not exceeding 50 per cent, shall not lose weight
exceeding 12 to 18 per cent when subjected to five cycles of
the soundness tests using sodium sulphate and magnesium sulphate.
According to the Indian Standard® (I.S. 383—1952) the important
tests to be carried out on the mineral aggregates are specific gravity,
water absorption, soundness, crushing and abrasion tests. It is
stated in Research Notes No. RN/3581 of Road Research Laboratory’,
that in the new British Standard (revised B.S. 812—1951) aggregate
tests include ten per cent Fines test and Accelerated Polishing test in
addition to the specific gravity, water absorption, crushing, impact
or abrasion, etc. The Deval Attrition test, Dorry Abrasion test and
Page Impact tests, etc., most widely used tests for road stones in the
past are seldom used now. British Standard Specifications for
road-making materials and processes apart from grading and shape

rarely specify for universal application limits to the physical
properties of aggregates. .

4.2.2. TIn a specification under consideration of the Indian
Roads Congress® for single coat bituminous surface dressing, the
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following limits are being considered for the physical standards of
the road aggregates.

Per cent wear max., Los Angeles Abrasion Test ... 40
Aggregates crushing value, max. 30
Flakiness Index, max. 25
Per cent stripping (area exposed) max.

(Static Water Immersion Test, CRRI) 25
Soundness test, } Na, 80, Mg SO,
Per cent loss in weight in 5 cycles, max. 12 18

4.3. Surface textures of aggregates may be classified as glossy,
smooth, granular, crystalline fine, medium and coarse, pitted,
honey-combed and porous. Of these, for adhesion with binder,
crystalline texture from fine to medium was found to be quite
guitable. Typical examples of surfaco textures of the road stones
gtudied are given in Photos 1 to 8.

4.4. Different particle shapes came across were rounded,
irregular, angular and flaky. Though rounded and smooth particles
can be easily coated with binder it was found that when stripping
gtarts, the binder film peels off more easily. As the rounded
aggreggtes get more easily dislodged by traffic than the crushed
stones, they should preferably be used in a crushed form having

two or more fractured surfaces or containing at least 60 per cent
of fractured particles.

For minim#n stripping, irregularly shaped aggregate is
- preferable because with angular stones having well-defined sharp

edges there are chances for the edges to remain uncoated. Moreover
in the case of flaky pieces there is the additional drawback of their
easily getting crushed under traffic.

4.5.1. Though several standard specifications for the physical
properties of the road aggregate are laid, its most important proper-
ties for bituminous pavement are resistance to abrasion, crushing,
stripping, specific gravity and water absorption. Soundness test
is of importance for aggregates used in surface dressing. The water

absorption value of aggregates can be taken as an index of the -

resistance to frost action. Water absorption value exceeding 1.5
can be harmful where the aggregates are likely to be subjected to
freezing and thawing. Brief details of the physical tests conducted

on the different types of aggregates received are given below and
test results are given in Table 1.

452. The Specific Gravity and Absorption of Aggregates: L.S:
383-1952°:  For this test, aggregate of 1 in. to 38 in.ggsizg is used.

Photo 2

Photo 1

Photo 3



Photo 4 Photo 7

Photo 8

Photo 9

Photo 6



Photo 11

i

Photo 12

Photo 10
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The bulk specific gravity on a saturated surface dry basis is given
along with the percentage of water absorption of the aggregate.

4.5.3. Aggregate Crushing Test : 1.5 :383-1952°: TFor this test
1/2 in. to 3/8 in. aggregate is used with total applied load of 40 tons,
mean of the observation of two tests was taken as the aggregate
crushing value, (the percentage of the total sample weight,
of fines passing No. 240 L.S test sieve or No. 7 B.S Sieve),

4.5.4. Abrasion of Coarse Aggregate : 1.S: 383-1952°: In this
test grading ¢ B’ 2500 grams each of 3/4 in. to 1/2 in. and 1/2 in. to
3/8 in. aggregate was used with an abrasive charge consisting of 11 steel
spheres weighing 4584 25 grams. After 500 revolutions the difference
between the original weight and the final woight of the sample
retained on No. 170 LS sieve (No. 12 ASTM sieve) is expressed as
a percentage of the original weight of the sample and reported as
the per cent wear. Duplicate tests were carried out for confirmation.

5. ADHESION WITH BINDERS

5.1. Details of studies dealing with the principles of adhesion,
factors involved in the adhesion of binder to stone, methods for
estimating stripping as well as standardisation of a qualitative test
to suit conditions prevailing in India are given in Road Research
Papers No. 14 and No. 18 of Central Road Research Institute and
published in the Journal of the Indian Roads Congress. > 1°

5.2, The failure of a bituminous surfacing due to stripping
of binder from the freshly coated aggregate by water is more
pronounced and wide spread in open textured surfaces such as
single sized premix carpets or surface dressing than in dense graded
mixtures. The size of the aggregate in the test for adhesion was
1 in. to 1/2 in. only ; smaller sizes wore discarded because informa-
tion regarding stripping characteristics of the finer fractions is not
always applicable to the behaviour of the coarser aggregates of the
same stone for the reasons already mentioned in paras 3.2 and 4.4

. 5.3. The test procedure adopted for the Static Water Immer-
8ion test consisted of coating the aggregate of 1 in.to % in.
With 5 per cent by weight of the binder ; the mixing was done as
Specified for the binder ; curing for 2 hours at atmospheric tempera-
ture and keeping the sample immersed in distilled water at 40°C.
for 24 hours. The extent of stripping is estimated sfter this period.
A maximum of 15 to 20 per cent of stripping by this method is sti-
pulated for successful performance of the surfacing. Aggregates with
stripping upto 5 per cent only may be considered as good; 5 to 20

T8
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per cent as satisfactory and
showing good, ;
to 12,

o above that as poor. Typical examples
Test r ‘j&l:f?()tory and poor adhesion are given in Photos 10
St results for the various samples are given in Table 2.

5.4, an artiala @ -
In an article in « Crushed Stone Journad? June 195911 it is

14 . LN N

;:}Yg?ﬂ?i:{z ofn; i’tr‘Stzrt‘ttlc Imm(.zrsfion Test ” using cuthack asphalt the

stripping of 5 ¢ ég‘l,l (‘gjwtrc remmnmg‘ coated should he 95, that 18, 3

some lahorat b oot only (AASHO  Designation 'P-142-57) but, in
atories the asphalt is considered to have stripped exoes-

sively only if £ . %
LY v 1€ area remaining conted j b t

i { oated is below 70 per cent, that 18,
stripping of more than 30 por cont.” w T i

6. PETROLOGICAL EXAMINATION

6.1, “The usu
bility of road
fundament

acre al Ph.VSi‘Cal tests carried out o assess the suitas
aggregates disclose very little with respect to the

al properties : ¢} .

: 5 they reflect only hehaviour nnder particulal
. aviour nnaer patr

ons, however intrin y 1 pé

test condit
ait . .
Sic properties of aggregates are obtan:

able throul, ti i i
1¢ SCop o 1 i i ]
methods of %etrogl‘a]l)llg%f Plnﬁ, application of the principles i

6.2, Hene .
beon nmdeHe\:;iL&; t}m Ir»‘etrologlcal examination of road aggrogates has
Phenomenon of adl‘: View to study as to Low far it can cxplain the
can forecast the be}emc-m between binder and stono and whether it
the following tegts 1l§bv_louf of the coated stone. The study includes
{c) Mineralogic;;lkéo (@) Petrological nomenclature; (b) Trade groups
sition factor - ®) I\‘Il}lI)Osltmn; {d) Average grain size: (¢) Decompo-
d}lcted with the hel icr(f) t}extur.& The petrological analysis i con-
rising Microscope a% scl)xofvlg il;lelzt;f;(}t‘(‘f%gr afing Stage and Leitu Pola-
.63 1 ‘
ing four geoloé?él;lr{él’tmnd. aggegates received fall under the follow-
(3) Meta,mgrp]ic (fJ ?gorleg, viz., (1) Igncous, (2) Sedimentary,
the geological fo;m' )t\ Ollc’;mm. Their use is found in conformity Wi
road aggregates aion 248 shown in Table 3. In all, the mineral

% are classified ingo 7 groups given bo](,w);

Type

) | Trade group Category
Deepan Traps and Dole-  Bas; anie
ron asalt Voleanic
2, Granitey Gnei
=y VNelsses, Sehicte i
3 ()hand G)ra,nOdioreiﬁt’e: chists, Granite fgneous
4j Quz?;:;;;tes Gabbro bo.
5. Sa.ndstones rrite Selimaniey
6, Limestoneg G_rit stone Sedimentary
y Limestone

River-Shingles

»”

TABLE 3

Geological Formations of India
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TaBLE 4-A

Relation between Petrological Properties of Roadstones and their Adhesion with Bituminous Binders

‘ ! | ‘ | i
‘ ‘ | 1 1 ; ADHESION
{ : : ‘ i Average Surface f
No. | 8. No. Locality Rock type P, I P.L.T. Q. M.M. MDY r. G. grain text o Remarks
‘ ! ! ! i size W€ | 80/100 | Road Tar
i ; 1 \ Bitumen |Grade RT-3
o \ 4 | ; | - I _
1 44h  Hyderabad Granite 34.69 13.53 42.89 7.00 LO4 — —_ Coarse Coarsely Poor Poor 1. P.F. = Potash
: Cry. feldspar
2 56 Jangaon Granodiorite 20.23 22.50 48.2 .10 1.95 — — Do. Do. Do. Do. 2. P.L.F.= Plagio-
clase feldspar
3 37 Kangayam Do. 1.28 48.30 47.00 2.10 0.40 — — Do. Do. Do. Do.
] 3. Q = Quariz
4 57 Kazipet Granite 63.88 2.55 32,03 0.03 — — — Do. Do. Do. Do.
4. MM. = Mica-
5 41 Madanapalli Do, 58.39 8,77 22,98 1.59 3.38 — — Do. Do. Do. Do, ceous minerals
6 46 Sullurpetta Do. 35.32 13.79 43.56 5,40 1.80 — — Medium Medium Satisfac- Satis- 5. MF. = Mé.ﬁc
Cry. tory factory minerals
7 48 Nellore West Do, 35.20 5.35 48.59 6.15 2.96 1.66 —_— Do. Do. Do. Do. 6. P = Perthite
8 53 Bhongir Do. 34.34 10.24 36.68 4,51 1.27 12.93 — Do. Do. Good Do. 7. G = Garnetes
9 54 Tumkur Do. 32.75 9.38 52,03 3.60 1.14 0.83 — Do. Do. Satisfac- Do. 8. Cry. = Crystal-
i tory line 0\
10 77 Thirukalikundram  Charnockite 0.86 28.11 59.80 0.58 10.43 - — Coarse Coarsely Good Good /)/ o\ \X
) . Cry. J 52- )
. ‘ ) ot ) 4.
11 79 Walajabad Do. 430 3720 49.05 1.24 8.19 — — Do. Do. Do. Do. \\ /7
12 8l  Coonoor Do. 486 2150 62.04 002 1134 — 0.83 Do. Do. Do \; N '
13 83 Daltonganj Do, — 22.41 25.99 0.17 51.41 — 0.92 Fine Finely Do.
Cry.
14 72 Tholudur Gneiss 5,52 15.06 49,01 20.27 4.03 — 6.08 Medium Medium Do:
Cry.
15 73 Madras N. Charnockite 15.70 23.49 44.38 0.62 16.38 — 0.01 Do. Do. Do.
16 1 Nagpur Deccan trap —_— 45.00 3.00 — 52.00 — — Fine Finely Cry. Do.

17 4 Khamgaon Do. 1.12 48.89 4.50 — 45.70 —_— — Do. Do. Do.
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pact than sandstones. They are found to vary in colour from
sample to samples; occurring in grey, pink, blue, violet and flesh
colours. This may be duo to the leaching and weathering of iron
contents in the rock. They have been found to vary in grain size
from coarse to medium and fine grained. Small quantities of mica
are found in most of the quartzite samples examined microscopi-
cally. Though acidic in nature some quartzites are found to have
good adhesion with bituminous binders, especially in the medium
and fine grained in types.

6.8. Sandstones are also monomineralic like quartzites and
mainly contain quartz grains cemented by silicious or calcarious
materials. In most of the sandstones, the shape of the quartz
grain is angular to sub-angular, and the grain size varying from
.coarse to medium and fine. With coarse grained sandstones theré is
likelihood of stripping of binder.

6.9. Most of the limestones that are subjected to petrolo-
gical study are cither dolomitic in nature or are purely caleitic
ones. They vary in colour from white to grey and black. They are
mainly fine grained and have smooth surface texture.

6.10. River-shingles, round and smooth, tested are derived
from trap, sandstones or quartzite.

6.11. The only laterite sample received from Cachar is quite
compact and free from weathering which is evident from its high
specific gravity of 2.84. '

Actual physical tests rather than petrological data should be
made use of in the selection of laterite as a road stone.

7. DISCUSSION

7.1. The number of samples tested from each of the seven
groups of mineral aggregates give an approximate idea of the extent
of their use as road aggregates in India. As some States have
not sent any samples, and some have sent only a few, a fair generali-
sation cannot be made about their nature and use in the whole
country,

7.2, From the physical properties such as specific gravity,
absorption, crushing value and abrasive resistance of the various
road aggregates tested, it is found that nearly all the samples come
within  the specified limits and thus satisfy the requirements for
their use as good road stones. The average specific gravity varies
from 2,64 to 2.95, the lowest for quartzite and highest for trap,
while the absorption varies from 0.3 per cent for charnockite to 1
per cent for trap as given in Table 5, Usually when the water



TABLE 5

Results of Physical Tests on the various Types of Road Aggregates (Average and Range)
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1.0

2.71-3.36

Traps

1

29

29

11.5—35.4

0.0

-,

15.0—32.5

3.0

D

0.2—1.3

™~

el

261—

.67

0

Granites

14

10.3-—-33.1 13

S

15.3—31.5

3.0

3

0.2—2.0

0.6

»
2
el

Quartzites

13

)

15.0 13.5—

5.6

3

18.9—

21.0

0.2—1.0

0.3

2.68—3.10

o
~-
Y]

Charnockites

4

6

11.9—19.4

16.0

1.8

D)

15.0—

22,0

0.3—1.8

0.9

2.80

65—

3

2,73

Limestones

7.6—31.9 6

18.0

7.6

2

3. 7—

21.0

0.3—1.14

2.60—

I~

]

Sandstones

9.1—-227

16.0

15.4—23.6

9.0

0.8—0.9 1

River-shingles

7%

* Belong to diffcrent trade groups—vide Table 1
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absorption is above 2} per cent, the bulk impregnated specific
gravity is adopted so as to allow for the absorption of bituminous
binder by such aggregates.

7.3. The high specific gravity of traps may be due to the
presence of ferro magnesium minerals in large quantites, so is the
case of charnockites, the bulk minerals in granites, sandstones anfl
Quartzites are quartz, feldspar ete., which aro of Ipw spec.lﬁc gravi-
ties. Absorption of water by traps is comparatively higher due
to the vesicular structure, for cxample, the trap samples from
Panwel (No. 7), Nirmal (No. 19) and Akola (No. 6) show 5.2 per cent,
3.3 per cent and 2.3 per cent absorption respectively and is clearly
indicated by the dull or brownish look instead of a black glossy
appearance when coated with bitumen.

7.4. It is cvident from Table 5, that trap has the lowest
erushing value followed by the river-shingle, while, sandstong, char-
nockite and limestonc have a value around 21 and granite and
quartzite around 24. A high crushing value indicates the lr}ferlor
quality of the aggregate. The low value for trap can be attributed
to it’s ophitic texture and presence of tough minerals like pigmatite,
augite, etc. Crushing value of some granites and quartzites are quite
Near or beyond the maximum of 30 specified, it would be seen
from Table T that in all those cases the high values are due to
weathering, alteration in the bulk minerals or fissuring. The speci-
fic gravities in those cases are also comparatively lower than others
of the same group. The wear due to abrasion is also very high for
the samples with high crushing values. The oqu laterite sample
tested has a crushing value of 40 and hence, unsuitable based on the
maximum of 30 specified, though its per cent wear is only 34, well
below the maximum of 40 stipulated.

7.5.1. The most satisfactory aggregate tests are those which
simulate as closely as possible the condition of service required of
the aggregate. “ From the ¢ laboratory roller test’ Goldbeck has
concluded that the Los Angeles Test does agree exceptionally well
with service behaviour. The results of the test are of value as
indications of aggregate break down under rollers and wheel-loads
in traffic, in the case of water bound, or low type bituminous
surfacing.”’®

7.5.2. Quite in agreement with the crushing value the traps
are found to have the lowest wear values, while, the granites and
Quartzites have comparatively higher wear value. The average wear
;’alues for the charnockites, limestones and sandstones are between

5 and 18.

7.6.3. As laid down in B.S. 812-19511" 1/2 to 3/8 in. size
aggregate, was used for the standard crushing test, ‘‘ the results show
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close numerical agreement with those of the Los Angeles test. Very
soft aggregates tend to give lower results on the aggregates crushing
test than on the Los Angeles Abrasion test, Larper sizes than 1/2 to
3/8 in. give a higher aggregate crushing value, and smaller sizes a
lower value; the relations between values obtained with different
sizes vary according to the property of the aggrogate.”

7.5.4. From the crushing tests and abrasion tests of various
road aggregates, it is soen that with 1 [2 to 3
used in the standard aggregate crushing test and aggregate grading
‘B’ in the Los Angeles Abrasion test, the test results do not show
numerical agreement ; but, they are comparable, viz., the higher the
crushing value the higher the per cent wear and vice versa, Except
in a very few cases, the wear values are quite lower than the corres-
ponding crushing values. However, when the wear values are
pretty high, they agree more or less with the crushing values.

8 in. size aggregate

7.5.5. In none of the roadstones tested the wear values are
above the maximum of 40 specified, while, there are a few cases
where the crushing values are quite near or above the maximum
of 30. Hence, the rejection of an aggregate should be decided from
the results of both the crushing test and the abrasion test, It also
seems justified from the test results of the various road-stones that
the limit of 30 for crushing value may be raised slightly. However
more agpregates are to be tested to confirm this. The note given

in ASTM Designation, D1139-55T and quoted below supports
this view. ¢ The requirement of physical properties of aggregates
in these specifications are recom

mended as satisfactory requisites
for quality. It is expected that these limits for quality will be
varied in particular localities and will not be applicable under all
conditions thereby permitting the use of local aggregates that will
give satisfactory performance.”

7.5.6.  Above all, it should be remembered that in the selection
of suitable aggregates for a road

A . surfacing work, economy in cost
shoul'd be given due importance. Hence, slight deviations from the
physical requirements specified for

j an aggregate may be overlooked
provided the cost and availability of the material justify it®,

7.6.  Though there can be adverse comments on the use of the

qua,lit?a,tiv.e test for the estimation of stripping based on vigual
eXamination, which naturally

depends on the experience and judge-
ment of the person concerned, it is Possible to arrive at a resonable
and reliable evaluation of the resistance to stripping of a particular
9ombmat10n.o_f Ah - aggregate and binder by this test. Another
important criticism against this most simple and widely adopted
quahtat_we Yest is that, since, it i g static test, it does not bring
in the rigorous abrasive effect

; of traffic as in a road. The Wheel
Tracking test developed at the Road Research Laboratory, London,
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. rable but,
for a quantitative estimation may n t}f&t ‘rf%s pelzt b?l‘}?:fef? are many
for open premix carpets its estimation is di (;11 ki ping for which
other methods for a quantitative estimation o thosep o hot simulate
expensive equipments are required but ever{ﬁ res or draw backs®®.
the field conditions and each has itsown advantag

i on
791 All the trap samples testod have quite vggfdf;d*ﬁ‘ich
with tar and bitumen except one (No.7), méﬁ 100 v used. This
there was 25 per cent stripping when bitumen tl and contained big
trap was highly porous (absorption '5.2 per. cent) e onyadaloidal
erystals of pyritos (green) and seo/ites (e 1In‘cel due to zeolite
cavities. All the zeolite crystals stripped ‘001{1129 ; yoor ® Thecion is
being a hydrated mineral. According to Mlil y iIt)hin o tho
attributed to presence of hydrated minera S,fW this trap 5o Tar
surface of a rock®!. Tar is the proper blniler l%f) 16" and6 have
resistance to stripping is concerned. Samples i bibumen and tar
high absorption and show good adhesion Wlf ondary minerals
probably due to the presence of large crystals of s
occurring in the amygdaloidal cavities.

7.7.2. Tt has been observed by many'worl.{ers thgitn((ilgﬁrlte Ha.ir;}i1
basalt show very good adhesion with blt:.ummoysemls) o
percentage of mafic minerals (ferromagnesium mMINera | in trap o
addition to the smooth surface texture and fine grain supp
above finding as can be seen from Table 4-A.

7.8. Adhesion of binders, both bitumen and tal.:",t v;lﬁl;eall‘licﬁl:
charnockite samples tested was quite good. Qharno;i it euantities o
in mafic content than the granites buf contain smaller 1% tities o
potash feldspar and micaceous minerals. These t:r e ording
requirements for good adhesion with bltgmen an gt
to Prof. Shand,?? an eminent geologist, ° thg presen e e
rock is an indication of excess of alumina in the r(:;: ch.arnockites
g R e e géanitqiea;ilagg:z;ﬁzuii :lllla.mockite plays

i ¢ mi
:ﬁiﬁ?:iﬁ?é?&ft’ parﬁltlaeasnfl:r as adhesion is concerned becaytze sh(:tg
charnockites with as coarse a surface texture as some granives .
not shown any stripping.

7.9.1. Of the 34 granite samples tested, 62 per cent hg,ve ’Strlllisllgvgv
below 20 per cent and 23 per cent of the total have ast;np&)mgmnme’3
5 per cent. Considering the number of samples tes;e ’m%, iy 10
have shown lower stripping resistance than quartzites due alny b
their coarsely crystalline surface texture. Only two samp Trve 20
failed with bitumen while about 17 per cent have stripping at i
per cent when tar is used. Bitumen should be used where:s str IIJII: i%
has taken place with tar and vice versa in cases wheref st }Ilppra,gite
beyond the maximum specified. About 15 per cent of the g

4
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samples have failed to withstand the test, eith i i
: : i iths st, er with tar or bitumen.
Selection of suitable binders with higher viscosities de;enilil:lngcéln

the time and type of construction ; ippi
aromaio ot o i 7.15.4'034n prevent stripping from such

7.9.2. It is to be noted that granites senti ich i
I)O‘tash and plagioclasc feldspar, quatg‘jtz llgg%mhi(; OSE\(’}[I:Ltﬁl?ilyifr lzfttl ai?l
xprr?:?;ff a}"e én 3 very minute quaptity. The presence of J;r’licaceous
mine t.hi Ca}»lr; - elfii.ctlenp‘y of mafic minerals in granites in contrast
e Quc t 'es ;s very important for their lower resistance to
Ay g.in o artz, elds_par and mica, when occurring in large
crystals e %ra,mte, give poor surfaces for the adhesion of bitu-

and tar®*.” But, it is seen that that medi

granites, gneisses and schi i
r ists show s:
bitumen and tar. atist

. 7.10.1. Among the 15 quartzites sample
::;sglastic;und bt_ha,t in 10 of them (67 per eentl) the extent of stripping
satis%actogr nslngen as bmdgrs is below 20 per cent and hence I:lpuite
atislac te);i;ed U{-, pf these in three cases or 20 per cent of th’e total
pumber tested. hl b_ls bhelow '5 per cent. Three samples from Dadri
surface. toxture, ono. from. i cs me vy Aabad, quito courso in
+a6e 3 & O a8 e i )
varieties, both coarse, from Dadri have failed wh:rllsila,x%rizyuzg((ll per:

mentioned in para 7.9.1 r binder
stones with low stripping regir;%exic:mdm should bo solected for the

) 7.10.2.  “Inthe monom
limestones, etc., the miner

um to fine grained
actory adhesion with

s tested for stripping,

ineralic rocks like quartzites, sandstones,

. 1 »
charactoristions st oe! al content does not affect the aggregate

the structure. Itis however an advantage
.eé‘al to be as near as possible to the only
1ty is however the main characteristic

es for their uge i i
hic ) tie se in asphalt r
group of rocks which exhibit g crystalline surfalc):e texi[:;tzlfe;edgll:;

crystal size are found to h i
The auanisite amploe e t:&reht;l;: most suitable faces for adhesion.

from ¢ been found to i in gi
L
while, in the oo show good adhesion with bitumen and tar,

for the predominant min
one present**.”” Uniform
which affects the properti

Table 4-B. of coarse grained stripping took place; see |

7.11. Though quartz |

stones, strippi quartz is the major constitu i

except isnncl:rll);n%agois ?Ot take place either Witlfn{)itllilmg:eosatn &
grained and ron hPe rom Dhamtari No. 92 due to it oarse
the extent of 20 P%r czlrlllt‘;fav;/ciiht%?ture' Sample No. 92 St:'i;P(;?rzz
ably bo used as the binger itumen. In such a case tarcan prefer-

7.12.1. Limestones

their resistance to strigre generally considered good as far s

ping is concerned. Among the seven
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samples tested, one from Simla cannot be used with Road Tar Grade

3 due to the stripping being quite high, though bitumen 80/100 is
found suitable. This is due to the coarse and non-uniform grain
and some of the calcite grains occurring in quite large sizes as given
in Table 4-B. Again, one sample from Rewa (Kalihari quarry) has
also about 20 per cent stripping with Road Tar Grade 3. These lime-
stones, when broken, have sharp edges and go into flakes and may
have been responsible for stripping to start from the edges especially
when a low viscosity binder is used.

712.2. “Medium tofine grained limestones with smooth surface
texture provide good surfaces for adhesion, Where a high propor-
tion of large crystals of calcite, either in the ground mass or as part
of large fossils occurs, tendency to brittleness and poor adhesion
with bitumen can be expected ”” . P. A. Valton in his book ¢ Lime-
stone Roads *¢ concludes that the best varieties of limestones for
use as road aggregates are the dense, medium, fine grained and
crystalline types; free from veins, cracks and cavities.

7.13. River-shingles, though they have the drawback due to
their smooth surface and round shape asgiven in para 4.4, are found
to have quite good stripping resistance with both tar and bitumen
as observed from the Static Water Immersion test.

7.14. The only laterite sample tested, which is quite compact,
shows no stripping, either with tar or bitumen, due to the ferro-
genous materials present in it to a great extent. But, it has a crush-
ing value of 40 per cent, wear 34 ; both are too high for a good
road stone. 'There is the further drawback that it is difficult to coat

all the cavities, for which extra binder is required.

7.15.1. Tllustrations showing the complicated adhesion charac-
teristics between some stones and binders can be had from the strip-
ping test results of quartzites with bitumen and tar, e.g., the samples
No. 636 and 63g show no stripping with tar, while, with bitumen it
is not so. Again 63b, 67and 68 show poor adhesion with tar, while
it is good with bitumen. Sample No. 63c at the same time has failed
with both tar and bitumen. * Though tars due to their phenolic
contents may be responsible for better adhesion with basic stones,
phenol is of no special advantage when acidic rocks (like quartzites)
are concerned 27, 'This leads to the conclusion that actual labora-
tory tests should also be conducted to decide the suitability of the
aggregate rather than judging it from the purely petrological data of
the aggregate.

7.15.2. Based on the results of tests carried out at the Road
Research Laboratory in Great Britain on & large number of aggre-
gates, Hosking has also concluded that * Knowledge of the group to
which a rock belongs does not permit its categorical rejection or
acceptance as a road-making aggregate”’. Only tests on sample of the
actusl materials to be used can provide reliable information 2%,
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7.15.3. The importance of viscosit
to be emphasizd especially when co

like granites, which have low strinni i

A o, | ¢ ~ SUnpping resistance are
found in para 7.9.1, Table 6 shows 13 samplos OfWr:;Ofsonceme'(l a&;
granite stones tested using bitumens 80/100, 6070 anhrs‘?()/igmgsd

TaBLE 6

Showing the Per cent of Stripping of some Granite
Roadstones Tested with Different Binders

y of binder on stripping necds
arse grained road aggregates,

BINDERS USED

No. 8. No. Bitumens ‘ T T
,,,,,,,, e . ars
R L i 30/40 Cwrs wia
L.ow 50 B e T
: Nil .

2. 3%a 30 — ] % 30
3. 4l 25 15 5 33 N
4. 43 30 — _ ° 1
5. 44b 35 15 _ 10 -
6. 47 10 — 00 =
7. 4Th 10 _ 2 -
8. 50 10 — _ 2 -
9 56 40 20 5 ;{_) -
- . 73 51
10. a7 30 20 Nil 90 l_)
1. 38 Nit _ _ ) 15
12, 38 Nil — — i o
13. 58¢ Nil — 50 10
- 50 —_

ggﬁspaagswﬁiﬁdg ’.3[' al(l‘(:a?lé SIti isfclea}rly seen that the extent of

) X G S 1ar In excess of 80 i
:}}f::szhlr?}e?’ I(‘::se;:, Nos. 38&,_ 43 and 56. The peculiau{ llfglzl:\lrtglﬁeg%
granite samples is a further proof of the complicated

phenomenon of adhesion, whj i
the binder or a combiney éﬁ“eeéc(})lf tllsle (::V%endent on the aggregate,

7.154. i
37, 41, 4iy, 56 and 3y e B0 Whon the oy i a e Bumbors
m °d 100 severely wit e
on and R.T. Grade 3 when subjected to the Stagé }%Vggcl;o{)ml;g-

sion test with the m i : .
mens and Road Tar Gorl:d: ;scous binders like 60/70 and 30/40 bitu-

the extent of stripping i
maen of stripping is
I as seenr from Table 6, thereby showing the gresiszzizgegﬂ‘;:g()i’

eir removal by water. With 30/40

of stones tested. When R.T. G
extent of stripping is further reduce

Hence, it is but essential that when

a8 the above are to be used, selection of g highem&d shones, Sueh

r viscosity binder
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than R.T. Grade 3 or 80/100 bitumen such as R.T. Grade 4 or 60/70
bitumen should be made depending on the time and type of con-
struction, this will help to a great extent in solving the problem of
stripping of binder from such stones.

7.15.5. The proper choice of an aggregate and binder for use in
a black top mixture is not a panacea for all types of failures of the
surfacings. Any deviation from the specifications laid for the pro-
portioning, mixing and laying as well as poor workmanship and
defective equipments used are other important factors which are res-
ponsible for the premature failure of a black top surfacing.

7.16. Based on the average values of results of physical tests
as well as adhesion tests conducted, evaluation of the various types
of road aggregates is made and is given in Table 7.

8. CONCLUSIONS

From the limited number of samples of road aggregates belong-
ing to the diflerent trade groups, more or less representing those used
all over India for black top surfacings, the following general conclu-
sions may be drawn, based on the physical properties, adhesion with
bituminous binders and petrological analysis :

1. The average specific gravity of the various types of road
aggregates varies from as low as 2.64 to as high as2.95 and nearly
all of them have crushing value and per cent wear within the limits
specified for good road stones, that is, 30 and 40 respectively.

2. Roadstones belonging to the granite, gabbro and quartzite
groups have an average water absorption of about 0.5 per cent
compared to stones belonging to the basalt and limestone groups
with a water absorption of about 1 per cent.

3. No close numerical agreement is found between the results
of crushing tests and Los Angeles Abrasion test of the various aggre-
gates. However, the wear values and crushing values tend to
approach each other when wear values are high. :

4. The suitability of road aggregates should be decided upon
from both the aggregate crushing value and per cent wear in the Los
Angeles Abrasion test.

5. Based on the Static Water Immersion test adopted for the
evalution of stripping it can be said that adhesion between road-
stones and bituminous binders in the presence of water depends on
the aggregate, the binder or a combined effect of the two.

6. Where stripping takes place with both 80/100 bitumen and
Road Tar Grade 3, higher viscosity binderssuch as 60/70 bitumen or
Road Tar Grade 4 may be used with advantage depending on the
time and type of construction,
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TABLE 7

Evaluation of the various Aggregates based on Physical Tests and Adhesion Tests

(rushing value Per cent wear Adhesion

Absorption

Specific gravity

Order

Nar & Goorr

Traps

Traps

Traps

Charnockites

Traps

Charnockites

Charnockites

Charnockites

Cranites

Charnockites

Limestcnes

Limestornes

sSandstones

Quartzites

Limestones

ON

Sandstones L.imestones Sandsrones Sandstones

Sandstones

Quartzites

Cranites

Limestones Quartzites

Granites

Quartizites Granites

Granites

Trans

Quartizites
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7. (a) Deccan traps, dolerites, charnockites, uncrushed river-
shingles, and lime stones are found to have quite
good adhesion with both bitumen and tar.

(b) Sandstones also show good adhesion, except the very
coarse grained ones.

(¢) All medium to fine grained quartzites and granites
show good adhesion, while, the adhesion is poor when
they arc coarse grained.

(d) The presence of mafic minerals to a certain extept in
a rock contributes much to the adhesion between it and
the binder.

In general, coarse grained rocks, poor in mafic mine-
ral content with coarsely crystalline surface texture
show poor adhesion with bituminous binders.

8. To a certain extent, it is possible to forecast the adhesion
characteristics of a roadstone based on the petrological data. But,
actual laboratory tests should also be conducted with the materials
to evaluate their suitability.
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“CONSTRUCTION OF ALL-WEATHER SOIL STABILIZED

PATRIES IN USAR AREAS: PART I—A COMPARATIVE

STUDY OF THE EFFECT OF SODIUM SULPHATE AND
SODIUM CARBONATE ON SOIL MASS”

By

Manomar Lar* & Vinop Kumar Rarzapa*

1. INTRODUCTION

L1, Salts play a very important role in the earth roads. Some
salts like sodium chloride and calcium chloride when present in
small quantities in the soil improve the general service value of the
soil roads 1,2, on the other hand, some other salts like sodium
sulphate or sodium carbonate when present in the soil adversely
affect the soil mass under varying atmospheric conditions 3,*.
The Usar soil contains the above mentioned harmful salts and,
therefore, patries or berms passing through these areas cannot be
maintained in good condition. In Uttar Pradesh, Usar soils occur -
predominantly in several districts like Rae Bareli, Etawah, Main-
puri, Etah, Aligarh, Bulandshahr, Kanpur and Unnao where under
average conditions of rainfall, temperature and humidity, the earth

roads or patries become flufty, where excessive detrimental salts are
present.

The object of this investigation is to compare the detrimental
ef(ects of sodium sulphate and sodium carbonate when present in
soil mass and to fix up limits upto which their presence in soil may
not have adverse effects, '

2. SOILS USED

2.1. For this study, four soils commonly met with in Uttar
Pradesh were collected. Two more soils were adjusted as per
Mehrp.’s ® specifications for base and wearing courses. The general
physical and chemical properties of all the six soils were determined

})y the standard characterization tests, the results of which are given
in Table 1,

.
i

“P.W.D. Research Institute, Lucknow.
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TasLr 1

Showing physical and chemic

al characteristics of soils

) ) e i Test + Tost !Test D Test | Tes
f(j Soil property Peoil D osoil  goil | soi) | s:,:l Jx:;:lt;
7 ;NO. 1. No.2'No. 3 |No.q No.5 ! No. 6
! SR R e SN S
A ‘ . Sandy
1. {Toxtural clagsificaion lhnmly BSandy| Silty Clay !T clay
‘ loami | foam | Joam | loam Jmuu] loam
2 PRA. Group classification A4 A4 Ad A6 51\4 Al
3. ¥and (0,05 min,—2 o) per cent! ¢l.o 5336 | 248 } KER 495 | 63.32
4. |8ilt per eent (0.005 1, —0.,05 \ : |
P, 3601360 1 6L9 {350 D316 | 7.as
3. ‘!(‘luy percent (less than 0.0p5 | ’
o) DS 188 {208 ' is9 | 9776
6. {M:Lterial retuined on Yy ! i :
niesh per cent STE 20 g sy 344 ' 62.0
7. jLiquid limis 229 ' 240 | 200 | 300 | 28.2 | 25.0
8. EPla.sticity index 37 16 | 7.8 | 109 10,1 | 6.4
9, !Optimum moisture per cent ‘ 140 ¢ 146 | 173 16.251 155 | 170
f . ; . : :
10. }Max. dry density Ib/Cu.ft, 5.0 1136 (1039 H1Lo 1084 (1125
| . 1 ‘
1L CMLEL per cent 8.2 | 902 9.241 1114 886 11,22
12, ' Shrinkage limit 1488 19.26] 22.35] 10,07 13.33 14,83
i ! " ' i -
ij ; opHcmc Gravity 2.55 | 2.63] 261 E 292, 264 260
Ap 80 ' 815 79 } T 81 19
15. | Organic maticp per cent 0.20 ‘ 0.28] 0.19 w} 0.26] 030] 0.39
16. | Total water soluble sulphato ‘
and carbonate per cent LONil il Nil | Nil | Nil | Nl
17, | Exchangeable Ny & K, m.c. per ! i‘ l
100 gms. of oven dry soil 050! 0.05! 1.50‘ 125 Lo1| 1.1
18, E)i((:)ha.ngeable Ca, mo. per | ‘
0 gms of oven dry soil 25 3.0 2.10‘ 9.6 | 120 | 110

<
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3. COMPARATIVE STUDY OF THE EXTENT OF DAMAGE
ON COMPACTED SOIL MASS CONTAINING VARYING
PERCENTAGES OF SODIUM SULPHATE AND
SODIUM CARBONATE

3.1. Two sets of blocks of all the six soils wero made at maxi-
mum compaction and optimum moisture with dxff‘erent percentageg
(varying from O to 5 per cent) of anhydrous sodium su.lphqte ar}l
anhydrous sodium carbonate separately adgled on dry weight of soil.
These blocks were made in a split cylindrical mould which had a
known internal volume 3 in. long and 2 in. in diameter. Samples
containing a predetermined weight of the dry soil mixed with dzf]fergnt
percentages of salts were compacted at optimum moisture by p a,cpxig1
the soil in the mould between the top and bottom plungers whic
were then pressed to the same weight in the soil compaction machine.
One set of these blocks was subjected to twenty-four cycles
of drying and weathering in humid atmosphere, (each cyole conm}stmg
of twenty-four hours drying in oven at 70°C and twenty-four 1(;:tursn
weathering at a temperature. of 23°C—24°C fmd percen e:,;ge
humidity 90—95 per cent). The other set was.subjected to twen 5{-
four eycles of drying and weathering in a refngerag;or (_e(alach cyge
consisting of twenty-four hours drying in oven at 70°C an g\:gn y‘i
four hours keeping in refrigerator at a temperature of 6— a,n.l
humidity 85—95 per cent). Further, one set of blocks of test hso1
no. 5 containing different percentages of anhydrous sodium sulphate
and anhydrous sodium carbonate varying from 0 per cent to 5 per
cent,was kept ina room subjected to changes of weather in Lucknow
from 30-8-1958 to 1-4-1959. The temperature inside the room in this
period varied from 11.5°C to 28.8°C and humidity varied from 60
to 94 per cent.

3.2. From visual examination of these sets of blocks placed
under sunitable condition for hydration and dehydration, it was
observed that in the cagse of blocks containing sodium carboga.be,
0.25 per cent of the salt proved harmless, 0.5 per cent show: 'Irtm
adverse effect except loosening of some particles in case o fs1 y
soil, but 0.756 per cent of salt caused crumbling from the;i sur acc;;
Blocks containing 1 per cent and 2 per cent salt showe tem::i%
damage and crumbling. Blocks having 3 per cent, 4 per cent a
per cent salt crumbled to fine powder at the 24th cycle.

33. In the case of blocks containing sodium sulphate,
0.25 per cent and 0.5 per cent of the salt proved harmless, 0.15 illlfr
cent showed no adverse effect except slight attack in case o fssbﬁ
soil, blocks having 1, 2 and 3 per cent salt showed loo:emlrég lolowed
with slight erumbling, blocks having 4 and 5 per cent salt &
swelling, cracking, and crumbling. .
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3.4. It was also observed that samples with base and wearing
course specifications and clay loam (test soil No. 4) showed better
registance to damage by sodium sulphate and sodium carbonate
than the other soils. Test soil No. 3 (silty loam) was the soil
which was affected very rapidly and showed the worst damage.

Test soils no. 1 and 2 showed damage intermittent in between the
best and worst soils,

3.5. With a view to obtain further idea of th
action of salts, blocks containing varying percentages of anhydrous
sodium sulphate and anhydrous sodium carbonate added on dry
weight of soil, were subjected to different cycles of drying and
weathering as per details given in para 3.1. One set of blocks con-

taining different percentages of either sodium sulphate or sodium
carbonate varying from 0 to 5 per cent w
strength at different cycles,

e damaging

as tested for compressive

The results shown in Fig. 1 for 10th and 24th cycles indicate that
for same percentage, the compressive strength of the blocks
containing sodium carbonate ig considerably reduced as compared
to the blocks containing sodium sulphate showing thereby that
sodium carbonate has more damaging effect than sodium sulphate.

506

-Na, 504 10m CYeLey
~Na 304 24 CrCiy

o 2; c = N, CQ; 10% CycLEs
1C0, 248 CYCLES (TWE €5 Qf ploc /
o [ S AN THES CyclE Coun wor ot nirlw ety et g 03

a F AL DL DETERIN 43 THEY wee ARy hUAAGED Conr )
PER CENT SALT ADDED (TO DRY WEIGHT

Fig. 1. Graph showing compressive strength of blocks containing
Na, SO, & Na, GO, as affected by increasing cycles of
drying & keeping in humid atmosphere

3.6. The fact that so
sodium sulphate while
the coefficient of hard
Machine ¢. A load of
block of size 3 in. x 2in.

OF SOIL)

dium carbonate is moro harmful than
present in soil mass has been proved by
ness test performed in Dorry's Abrasion
two hundred gms was used to press each
and sand passing 30 A.S.T.M. mesh sieve
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i ‘ » dise was
and retained on 40 A.S.T.M. mesh sieve was gse;l. noTLll(l‘ocllllss:nd s
revolved through hundred revolutions instead of o
28 r.p.m.

Compacted soil blocks of tes.t soil no. 6 (balseha,gg‘;?:odiﬁig
containing varying percentages of either sodium 1Isu Pof Soving and
carbonate were subjected to twenty-four cf\lrc es o Y o hard-
weathering as per details given in para 3.1 The cties o thoring
ness of these blocks was determineq. atja,rlous fgfheand st opcles
and drying. The results are given in Ing._2 for Ot o o more
which indicate that blocks containing sodium earbona

g

3

e

=]

8 . naj 80, 10 evelt

-~

g - dag 30, 24™Crcle

3

% e \MaCq 24% CycLECTHE C W OF alocks colraulladss]

8 T \\* e Na, CO3 Coulh dor AL DITERMINN 43 THEY
?

\ WERE 1N BACLY DAMAGED CONMITION)
\
S Ha, 03 toth crcle
3 2 S 4 ]
PER CENT SALT ADDED TO DRY WEIGHT OF SOIL

Fig. 2. Curves showing coefficient of hardness of blocl;s red
containing varying percentages of Na, SO, & Na, CO; as & ﬁire
by increasing cycles of drying & keeping in humid atmosp

i i ks having same percen-
se in coefficient of hardness than blocks I
g:;:egf sodium sulphate, indicating that sodium carbonate is more
destructive than sodium sulphate.

4 A STUDY OF CAUSES RESPONSIBLE FOR MORE
DAMAGE BY SODIUM CARBONATE THAN BY SODIUM
SULPHATE

4.1. Volume change

i i Its alone
In order to study the volume change in soil mass and sa
when placed in coiditions suitable for hydration, the apparatus
used is shown in Fig. 3.

i i te and anhy-
Different percentages of anhydrous sodium sulpha |
drous slodium gzrbonate were added to fifty gms of dry soil (test
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wa ~m

90

Fig. 3. Apparatus used for determining volume

8oil mno. 6) in petri disheg .
soil Separately. They wero ¢ ; i
o r;ﬁél:rv%l‘?gm% ree';;lded In each case by ﬁ]l};ng it i:ozgzg}ézdmliﬁgg
alonoer: I fél'l' . tz cylinder was lifted to the top and then
cme, e pih st(? : e base of the box, the height of fall being ten
thon reoonh roXes were given. The volume in each g

1 cubic centimeters, The soil sample in e;z;le (:;::
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four hours. After twenty-four hours, its volume was aga_,in recordt?d
and percentage gain in volume was calculated. The soil sample in
each case was then heated at 100°C to constant weight and the
volume of salt mixed soil was again determined. The results are

Q-
/’A
.
2 _,
= -
P ~
' * ,
8 P
A . -
P -
s - e
& p -
3 /.-4 __________ _
&
8 o ey
= 2 -3 5 -
E: PERCENY SAIL*\' Annen TO DAY welGHT OF soil.
9.. X-. %a1CO,TREATED 5oL AFTER WINRATION CYCLE ~ = — — ~ - - '""
3)- TS - Nau CO5 TREATED sork WEATED AT 100°C AFJER WIDRAION — — o - -

s ==~ =~ Nazg 504 TREATED 30IL AFTEQ HYDRATIOM QYCLE )
$: .-~ -- - Nay 504 TREATED Soil HEATED AT jose AFTER NINDRANION aara—os

Fig. 4. Graph showing volume of soil as affected by the addition
of increasing percentages of Na, SO, & Na, COy

shown in Fig. 4. Also, for the study of volume change in case of
salts alone, equal amount of each of anhydrous sodium sulphate and
sodium carbonate was taken in a petri dish and their volumes
recorded. They were then subjected to the same temperature
humidity and drying conditions as the mixed soil samples and the
volumes were determined again. The results are given in Table 2.

TABLE 2
Showing volume change in salts

! Per cent increase in

: ; Per cent gain in volume volume from initial
8L No. | Name of salt | in 24 hours at 23°C and | volume after heating
I 90 per cent humidity l at 100°C to constant

weight
» 1. Na 80, 8.1 0.05
2. Na,CO, 14.1 1.4

From the results in Fig. 4 and Table 2, it is clear that sodium
carbonate shows more percentage increase in volume on hydration

.
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when alone as well as when added to soil mass than the same per-
centage of sodium sulphate. It is evident from Fig. 4 that soil having
5 per cent sodium carbonate shows 17.5 per cont increase in
volume while the soil having the same percentage of sodium sulphate
shows only an increase of 2.6 per cent. Thus as sodium carbonate
shows more increase in volume than the sodium sulphate, it is likely
that it will cause more damage. When the soil samples treatcd with
salts and salt samples were heated to 100°C, after hydration it was
found that in case of sodium sulphate, the increased volume was
almost reduced to its normal volume while in case of soil treated
with sodinm carbonate, it did not reach its initial volume, Fig. 4.

This may be due to auto-disintegration and this agpect is discussed
separately in para 4.4,

4.2. Weight Change )

In order to study the change in weight, different percentages of
anhydrous sodium sulphate and anhydrous sodium carbonate
were added to 50 gms of dry woight of test soil no. 6 in petri
dishes separately. The salts were thoroughly mixed with the soil
and their weights recorded. Later they werc kept in a room at
a constant temperature of 23°C and humidity 90 per cent. Their
weights were then recorded and the perceintage gain in. weight was
calculated. ~ After hydration, the soil samples treated with salt in
each casc were then heated at 100°C to a constant weight and
percentage gain in weight from initial weight was calculated. The
results are given in Fig. 5. For the study of percentage increase in

€
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Fig. 5. Graph showing weight of soil as affected by the addition

of increasing percentages of Na, SO, & Na, CO,
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weight of the salts also, the same procedure was allowed and
Percentage increase of weight after hydration as well as after h‘ea.t-
ing to a constant weight at 100°C was noted. The results given
in Table 3 indicate that sodium carbonate shows more increase in
weight than sodium sulphate. These results are in agreement with
the results reported by L. R. Chadda and Hem Raj’. Consequently,
as sodium carhonate shows more percentage increase in weight than
sodium sulphate in conditions suitable for hydration, increased
absorbed moisture is likely to cause more auto-disintegration and
increase in volume of soil mass, resulting in more damage.

4.3. Auto-disintegration

Puri ® has suggested that sodium soils in contact with water
undergo auto-disintegration which increases with increase of
pH values. When sodium carbonate is placed under conditions
suitable for hydration for twenty-four hours, it takes 18.01 per cent
moisture and under similar conditions sodium sulphate absorbs
0.06 per cent moisture (Table 3). This moisture sfb.sorbed .by
sodium carbonate may be sufficient to effect auto-disintegration
in soil heated with sodium carbonate. As auto-disintegration

TaBLE 3

Showing weight change in salts

. . \ Per cent gain in weight
: Per cont gain in weight | "¢ 0 " 5ia) wt. after
S1. No. Name of salt | in 24 hours at 23 C gmd heating at 100°C to
90 per cent humidity constant weight
1. Na,80, 0.06 0.0
0.50
2. Na ,CO, 18.01

is also expected to increase with pH values. Thle ﬁﬂmviglgssggis‘:ﬁ
treated with varying percentages of sodium su pdab CS & LR.
carbonate were deterfmined;).y :!fgrzﬁzh:a.dmal‘ggf t:o eric;u;; cycles
division of soils ? after subject1 : nce
of drying and koeping in constant temperaturo foom in accoribacs
with detals in para 3.1 Tho results aro given in Tablo 4 WhC/
show that increase in pH value in the case 2 s:-,:ad with sodium
sodium carbonate is greater as comp&l‘efl to soil d;ga nt cycles. It
sulphate and this difference is maintained in 1.lere ond%tions of
may, therefore, be concluded that under sl(!il}‘.a’l;ec ation of soil
hydration, sodium carbonate may cause Ore l:i,n gcl;lume of soil
mass t.ha,r’x sodium sulphate and thus mcrea'f'le toe finer particles
mass, This auto-disintegration reduces 8ol

6
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and thus increases its volume, This increased volume on
dehydration does not reach its original volume but shows a perma-
nent increase in volume showing that soil has been disp‘erq(:d
to finer particles, whereas in case of sodium sulphate zxppx'ovirx)z;,t;ei

the same volume is obtained on dehydration, Fig. 4. ‘ Y

Tarrr 4

Showing pH values of soil treated with Na,SO, and Na,CO,

'

|
SL ‘ Per cent salt added to dry PH
No. ; ) weight of soil S T
}\,(,) ) 10th 24th
eyele ! cycle eycle
1. Blank (no salts) 7.9 7.9 7.9
2. Nodium sulphate - 0.25 7.5 7.5 7.5
3 ~tlom ~ 0.3 7.5 7.5 7.3
4, =l - 095 7.5 7.3 7.5
3. -do- - 1.0 7.5 7.8 7.8
6. ~do- — 20 7 8.1 8.1
7. ~to- — 3.0 8.0 8.2 8.25
8. = — 4.0 8.0 8.25 8.3
9. ~tho- = 5.0 8.05 8.3 8.3
10, Sodium carbonate — 023 8.45 8.5 9.0
11. ~do- - 0.5 8.8 9.0 9.2
12, ~do- : - 075 0.1 9.2 9.4
13. -do- R ) 9.3 9.3 9.4
14. ~do- - 2.0 0.35 9.4 0.4
15. == - 3.0 0.4 94 9.45
16. ~do- - 4.0 9.4 9.4 9.5
17. ~lo= ~ 3.0 9.4 9.4 9.5

The possibility of the increase of volume due to th i
of Na,CO, H,0 at 100°C has also been studied. 1(:-, is in?:;;tiﬂ;(;

Sort, STABILIZED PATRIES IN UsAR AREAS .. bl

last one molecule of sodium carbonate is not given off at a tempera-
ture of 100°C. Therefore, its retention at 100°C may also increase
the volume of the soil mass containing sodium carbonate. But this
galt under similar conditions of hydration and then heating ab
100°C to constant weight showed a volume increase of 1.4 per cent
(Results Table 2). So, consequently 5 per cent of sodium carbo-
nate when present in the soil will show volume increase by 0.07 per
cent due to retention of one molecule of water, when the increase in
volume has been found to be actually 7.3 per cent, Fig. 3. Similarly,
oxcessive increase of volume in soil mass as shown in Fig. 3 is due
to auto-disintegration. This, therefore, conclusively proves that
the auto-disintegration is responsible for increase of volume in soil
containing sodium carbonate and consequently causing more
damage.

5. GONCLUSIONS

5.1. In compacted soil, 0.5 per cent sodium sulphate and 0.25
per cent sodium carbonate do not show any damage.

5.2. Tor equal percentages, sodium carbonate is comparatively
much more destructive to soil mass than sodium sulphate.

5.3. Soil with base and wearing course specifications and clay
loam show better resistance to damage by sodium sulphate and
sodium carbonate than the other soils. Silty loam soils are
attacked rapidly and show worst damage.
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