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ApPENDIXB 

BITUMEN EMULSION SPECIFICATION SHEETS 


~ATA SHE!:!" : 1110 El 

PRODUCT ANIONIC S560 (SABS 309) 

U98S Slurry IHISI6, stabilisation 01 beae and fogspravs, een be diluted to 

BxtrBmely lew binder contents for Burface enrichmBnt 

Application rate See TRH3 ­ 1986 

Sprayinglapplic8tion temperature Ambient for hand spraYIng between SO' C . 70·C ior bulk spraying 

Physi cal ~nd Chemical properties 

• 
1 Appearance· Brown 

2 Viocosity et so·e, see, Saybol: Furol 

3 Binder Content. % (mimi 

4 Re6iduo on s ievi ng. gil 00 ml 

5 S acimBntation ahar 60 complete tot3tions 

6 Coagulation valuB , % (mimi 
Dolerite Chippings 
Ponland Camenl 

L.IMITS 

MIN MAX 

50 62 

0.25 

Nil 

2 

Surface preparation Surface must be well compacted wiln no loose material. 

Package 200 litr. drums J Available at Felbitem 
Bulk I Available at Felbitem 

Point of supply Felbitem 

Conver,ion Kg to litre ; Divide by 1.00 
Litre to kg ; Multiply by 1.00 

Cleaning of hand. and 1001. Use wo.er when wet, poraffrn or suit.bl. hend cleoner if emul.ion has .el. 

Sefel)! U$e protective clQthing . Non flemmeble end non hatardou6 . 

NOTE : 

Ihis da.a ~h~et is issued a~ 8 guide to !he us. of the product(,1 concerned . and whiltit every effort i. made to en~ure the accuracy 
of the text which if; in accordance with 1ne i4le$l techniCAl d~yclopmantti we cannot 8CCCP\ responsibility for any WOlk: ctlrrit:.d OIIT 
with our materiel:5, as we have "Q control over the method of ,pplicatiCH'I u,ed, or condition of site involved . 

In viflW of the ~onstllnt res Barch and development being undertaken in our Laboratoricos we advise eustomtJrs in their own interest 
to .'\Sure that this dats sheet hft£ not been superseded bv a mOre up·to-dale publication. All products are sold subjec\ \0 our 
standard conditionS of $81e which are available on demand . 

Tel (011\902-1905 \ Fax: (011) 902-2755 P.o . BOX 14159 


Is.ued July 1995. OES -WAOeVlLU, 
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DATA SHEET . NO E3 

PRODUCT : KRS 60%., 65%, 70% (SABS 548) 

Uses 

Apphc:ation rate 

Sprayin~application 
temperatae 

Physical and Chemical 
properties. 

Chip and SfF8Y with electro negative aggegates. 
+ Tack coat for chip and SlJay. 

See TRH 3-1986. Variable depenling on type of seal. 

Ambient for hand spraying. Between 50'C - 7O"e bulk spraying. 

60 

1 Appearance - Brown Ie black 
2 Viscosity lit 5O-C, Saybolt Furol 20-50 
sec::onds 
3 Binder Content, % (rnJrn) 60·63 
4 Fluxing agent ccnten~ % (m/m) of 5 
binder, max. 
5 Residue on sieving. ~1 00 ml. max 0,25 

6 Particle chargs 
a) Modified procedure Positive 
b) Standard procedure 

7 Binder deposit on the cathode after 30 
tnin.g. min 1,0 
8 Sedimenlation after 60 complete 
rotations Nil 

65 

51 ·200 

65-{l8 

5 

0,25 

Positive 
. 

1,0 

Nil 

70 

51-400 

70-73 
5 

0,25 

Positive 

-

1,0 

Nil 

I 

SlKface preparation 

P~ckage 

Surface must be well compacted iMth no loase material. 

60 % and 85 % available in dnIns at Febtem 

60 %, 85 % and 70 % avallab1e in bulk at Felbitem 

Point of supply 

Conversion 

Cleaning of hands and tools 

Safety 

Felbitem 

Kg to litre: Divide by 1,00 
Litre III kg : Multiply by 1,00 

, 

Use water I'ilen wet p..affin or suitable hand cleaner if emulsion has set 

Use protective clothing. Non 1Iammable and non haz<Irdous. 

NOTE: 

This data sheet is issued as a guide to the use of the prcduct(s) ~. and whilst evl!ty elfcrt is made to ensure the accuracy of the 
!ext ~Jch is in accmIance with lilt! latest technical developments we CIIMot accept respcnsibi5ty for any WOI1< carried out will1 our 
materials, as """ haVe no ccrrtrol aver the method of aw1cation uSljlj, CJ' condi1ion of zite involved. 

In view of !he const.anf research and deve/~ent being undertaken in our Laboratories we advise customers in tt-.e.ir own interest to 
I!!lS1J1e that this data sheet has not been superseded by a rmre up-Io-dala publlcatian. All products en sold subject to our standard 
condition::! of sale which are a~'lliable on demand. 

Tel: (011) 902·1905 \ F;;Il(: (011) 902-2755 P.O. BOX 14159 
~ : July 1995. DES WADEVilli 
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PRODUCT: KMS 60% &65% (SASS 548) AS 
Uses ' Prartixe5 of medum or coarse grading. single sized aggregate when mixed cold. 

Used let repairing pot hojes 

Application rate :: 7Parts stone to 1part KMS 60/65 

Sprayin[1spplication t~lure Mixing at ambient lemperiltlles 

Physil:al 811d Chemical propBrties 
60 65 

1 Appearance· Brown 
2 VIScosity at 50·C, Saybolt Furol 
seconds 
3 Binder Content, %(mlm) 
4 Fluxing agBnt con lent. % (mlm) 01 
binder 
5 Residue on sieving, gil 00 mi. max 

20-50 

60-63 
5-10 

0,25 

51·200 

6S-QB 
5·10 

0,25 

6 Particle charge 
a) Mod"lfied procedlJre 
b) Standard pncedure 

Positive Positive 

7 Sedimentation alter 60 complete 
rotations 

Nil Nil 

Mix Slop mixing 'MIen aggs!JlIte is coated:: , minule. 

Package Drums 200 litre I Available : Felbrtern 
Bulk I Available : Febtem 

Point of s!.WIy Felbitem 

C<JnvBr>iion Kg to litra ; DividB by 1.00 
litre 10 kg : Multiply by , ,00 

Cleaning of haflds and tools Usa WIlier when we~ paraffin or suimble hand cleaner 

Safety Use protectivB clothing. Non ftanvnabie and non hW:lrdous. 

NOTE: 

This data shafit is issued as a guide 10 the use of the product(s) concerned, and whilst INert effort is made tn ensure the accuracy of the text 
YAlich is in accordance 'Mth lIle latest technical developments we cannot accept responsibility for any work carried out with our materials , as we 
have no ~onlrol over the method of application used. at: condition of sits invdved. 

In view of the constant research and develOfIllent being undertaken in our Laboratories we advise customers in their own interest to ensure that 
this data sheet has not been superseded 'r1y a more ~-to-daIB publication. All products all! sold subject Ie our standard conditions of sale which 
are available on demand. 

Tel ; (01 t) 902·1905 \ Fax: (Ot 1) 902·2755 P.O. BOX 14159 
Issued ; July 1995, DES WAOEVILLE 
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ApPENDIX C 


INFLUENCE OF BITUMEN EMULSION ON RESINS A AND B 


3cxx) ' .......... --...........-. .....----. - ...- ---------------.-­---....- ..---... .---.-.---. ... 

KRSf:IJ, pH 5 

KRSf:IJ, pH 4 


2500 ~----~-------------~----------------~!' 

2CXX) ~----~------------------------+-i------------------~ 
, 

~ 

! 1500 ----t-/-- -­ -- ------­
; 

---------e,' ­!------------- ­
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1CXX) +---~-----------~--------------~ 

jj //i'/ 
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/
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// 
- :.-..;~ ---

-
o~------~-----------~------------~------~ 

o 100 200 300 400 
Time (min) 

Figure 36. Influence ofKRS60 on the viscosity ofResin A at pH 4 and 5 
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2500 1------- ---1--------------------,1'------_1 

l 
2CXX)1--------~-------------------~------I; 
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Figure 37. Influence ofKMS60 on the viscosity ofResin A at pH 4 and 5 
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30c0 ,-----~--·------------------·-----I 

·············· SS60,pH4 i 

--- SS60, pH 5 I 
2~ +-----r---------------------------------------------~----~i 

20c0 

c. 
~ 

~ 
In 1500 
0 
U i 

:> 
In 

lOCO 

500 --.--i--------------------------='-""/ -/---------------1..­
f 

or--------~--------~-------._----._----._---~ 

o 50 100 ISO 200 250 300 

Time (min) 

Figure 38. Influence ofSS60 on the viscosity ofResin A at pH 4 and 5 

3~ .,----------.----------- --------..-------------- ..--

KRS60, pH 5 


KRS60, pH 4 

3CXX)­

2500 , ------------i----------------------- ­

~2~ r_-----_r--------------------------T-------------~! 
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~ 
 ,'iii ,.
o ,.
u 

~ 1~ 1-----------T_--------------------~i~------
i 

lOCO - -----+--------------------------T--------------­

/
~ ,------+---------~.~--------------------~ 

// 
./ 

..:::.:.::'.:.:"'., .... ~-...<.;~ _. _. _. - ,-. _. -.-
Or--------------~------------------~---------------~ 

o 	 100 200 300 

Time (min) 

Figure 39. Influence ofKRS60 on the viscosity ofResin B at pH 4 and 5 
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30c0 

KMSW, pH 5 , lKMSW, pH 4 ... 
!, 

i .. 

, I 
, , , 

!
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..... 
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.~ 1500U> 
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/,//'/ 

! 
IlOCO , , 

, , , 

500 -
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.......~/ 
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0 200 (IJO 800 I(xx) 1200 

Time (min) 

Figure 40. Influence ofKMS60 on the viscosity ofResin B at pH 4 and 5 

_._.- SSW, pH 5 , 
; ............... SS60, pH 4 
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20c0 +------r----------------------------~~
;/
/-------

~ 0.. •. /'/ 
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:;
U> 

./-­

IOC01-----~/
I 
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i ./-­

/ 
I .' 

5OO +----+--------------------~'.~------------------------------~ 

.. 


~:.~.: #.::;:~~ _. _._. _. - ._
0- __ 
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o 100 200 

Time (min) 

Figure 41 . Influence ofSS60 on the viscosity ofResin B at pH 4 and 5 
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ApPENDIXD 

SOIL PROPERTIES 
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ApPENDIXE 


STATISTICAL ANALYSIS 


Influence Experiment ITS 
{gauge) 

i'ts 
(gauge) 

. ITS 
(gq\Jge) 

A.verave 
.. ITS 

VarianCe Standard 
Deviation 

Coefficient 
of Variation ' 

6.30Time 2 % Resin A, no Bitumen (dry), 4 days dried 137 121 132 130 67.00 8. 19 

2 % Resin A, no Bitumen (wet), 28 days dried 13 4 23 13 90 .33 9.50 73 .11 

2 % Resin A, 2 % Bitumen (wet), 6 days dried 180 174 156 170 156.00 12.49 7.35 

2 % Resin A, 2 % Bitumen (covered), 4 days 
dried 

25 8 3 12 133.00 11 .53 96.10 

2 % Resin B, 2 % Bitumen (dry), 17 days dried 95 127 87 103 448.00 21.17 20.55 

2 % Resin A, 2 % Bitumen, 6 hours in water 141 123 45 141 2604 .00 51 .03 36.19 

Initial 
MOisture 
Content 

2 % Resin A, 2 % Bitumen (dry), 7 days dried, 
20 g water 

113 78 103 98 325.00 18.03 18.40 

2 % Resin A, 2 % Bitumen (dry), 21 days 
dried , 50 g water 

97 171 158 142 1561.00 39.51 27.82 

2 % Resin B, 2 % Bitumen (dry) , 21 days 
dried, 50 \lwater 

78 120 168 122 2028.00 45 03 36.91 

Compaction 2 % Resin A, 2 % Bitumen (dry), 50 blows 92 78 100 90 124 .00 11.14 12.37 

Resin 
Dosage 

2 % Resin A, 2 % Bitumen (dry), 7 days dried 121 143 126 130 133.00 11 .53 8.87 

4 % Resin A, 2 % Bitumen (wet), 21 days dried 32 68 128 76 2352.00 48.50 63.81 

1 % Resin B, 2 % Bitumen (wet), 21 days dried 0 9 12 7 39.00 6.24 89.21 

Bitumen 
Dosage 

2 % Resin A, 3 % Bitumen added (dry), 7 days 
dried 

81 105 120 102 387.00 19.67 1929 

2 % Resin A, 5 % Bitumen (wet 24 h), 7 days 
dried 

39 78 87 68 651 .00 25.51 37 .52 

2 % Resin B, 2 % Bitumen (wet), 21 days dried 27 9 12 16 93 .00 9.64 60.27 

pH 2 % Resin A, 2 % Bitumen (wet), 7 days dried, 
IpH 7.33 

87 93 99 93 36.00 6.00 6.45 

2 % Resin A, 2 % Bitumen (wet), 7 days dried, 
pH 4.55 

143 127 96 122 571 .00 23.90 19.59 

2 % Resin A, 2 % Bitumen (dry) , 21 days 
dried, pH 3.85 

76 153 152 127 1951 .00 44 .17 34.78 

2 % Resin A, 2 % Bitumen (wet), 21 days 
dried , pH 6.2 

0 12 9 7 39.00 6.24 89.21 

Molar 
Ratio 

2 % Resin A, 2 % Bitumen (wet), 7 days dried , 
1.5: 1 

23 25 30 26 13.00 3.61 13.87 

2 % Resin A, 2 % Bitumen (dry), 21 days 
dried , 1:1 

136 139 124 133 63.00 7.94 5.97 

2 % Resin B, 2 % Bitumen (dry), 21 days 
dried, 2:1 

83 106 105 98 169.00 13.00 1327 

2 % Resin B, 2 % Bitumen (wet), 21 days 
dried, 3: 1 

45 27 42 38 93.00 9.64 25.38 

Type of 
Bitumen 

2 % Resin A, 2 % Bitumen (dry), KMS 60 137 67 123 109 1372.00 37.04 33.98 

2 % Resin A, 2 % Bitumen (wet), KRS 60 1 0 0 0 0.33 0.58 0.00 

2 % Resin B, 2 % Bitumen (dry), KMS 60 104 121 105 110 91.00 9.54 8.67 

2 % Resin B, 2 % Bitumen (wet), SS 60 4 7 37 16 333.00 18.25 114.05 

Cement o% Resin A with 4 % Cement, Cement 
Method (dry) 

13 34 13 20 147.00 12. 12 60 .62 

2 % Resin A with 6 % Cement, Cement 
Method (wet) 

63 43 50 52 103.00 10.15 19.52 

2 % Resin A with 2 % Cement, Experimental 
Method (dry) 

45 48 72 55 219.00 14.80 26.91 

Lime 0 % Resin A with 4 % Lime, Lime Method (wet) 0 3 9 4 21.00 4.58 114.56 

2 % Resin A with 4 % Lime, Experimental 
Method (wet) 

12 8 19 13 31.00 5.57 42.83 
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ApPENDIXF 

EXPERIMENTAL DATA 


Influence of Time on Stabilised Soil Properties 

2 % Resin A, no Bitumen emulsion (dry) 
Time dried (daY'l) pH Mass (g) Dry mass (g) Water lost (%) Height (m) Density (kglm3) ITS (gauge) ITS (kPa) 

0.25 4.54 975 969 0.62 0.056 2148.62 45 115.41 

1 4.52 969 939 3.10 0.055 2174.22 40 102.59 

2 4.53 969 928 4.23 0.055 2174.22 18 46.16 

3 4.53 971 928 4.43 0.055 2178.71 60 153.88 

4 4.5 975 920 5.64 0.056 2148.62 130 333.40 

6 4.51 974 911 6.47 0.056 2146.42 110 282.11 

8 4.52 975 909 6.77 0.056 2148.62 120 307.76 

17 4.52 973 903 7.19 0.056 2144.21 130 333.40 

24 4.56 978 906 7.36 0.056 2155.23 124 318.02 

60 4.54 976 904 7.38 0.056 2150.82 130 333.40 

2 % Resin A, no Bitumen emulsion (wet) 
Time dried (daY'l) pH Mass (g) Dry mass (g) Water lost (%) Height (m) Density (kglm3) ITS (gauge) ITS (kPa) 

0.25 4.54 973 968 0.51 0.056 2144.21 0 0.00 

1 4.52 970 940 3.09 0.056 2137.60 0 0.00 

2 4.53 969 930 402 0.055 2174.22 0 0.00 

3 4.53 971 929 4.33 0.056 2139.80 0 0.00 

4 4.5 972 915 5.86 0.056 2142.01 0 000 

6 4.51 969 909 6.19 0.055 2174.22 6 15.39 

8 4.52 972 903 7.10 0.055 2180.95 6 15.39 

17 4.52 971 900 7.31 0.055 2178.71 12 30.78 

28 4.56 970 901 7.11 0.055 2176.47 13 33.34 

60 4.54 969 899 7.22 0.055 2174.22 31 79.50 

2 % Resin A, 2 % Bitumen emulsion (dry) 
Time dried (daY'l) pH Mass (g) Dry mass (g) Water lost (%) Height (m) Density (kglm3) ITS (gauge) ITS (kPa) 

0.25 4.52 979 976 0.31 0.056 2157.43 38 53.00 

1 4.53 977 940 3.79 0.056 2153.03 12 89.00 

2 4.54 975 940 3.59 0.055 2187.69 21 154.00 

3 4.53 977 929 4.91 0.056 2153.03 96 189.00 

4 4.53 973 919 5.55 0.055 2183.20 38 226.00 

6 5.45 974 917 5.85 0.056 2146.42 95 243.64 

8 4.56 972 912 6.17 0.055 2180.95 105 269.29 

17 5.55 976 902 7.58 0.056 2150.82 172 433.24 

24 4.53 969 899 7.22 0.055 2174.22 180 461.64 

60 4.53 973 901 7.40 0.055 2183.20 175 448.81 

2 % Resin A, 2 % Bitumen emulsion (wet) 
Time dried (daY'l) pH Mass (g) Dry mass (g) Water lost (%) Height (m) Density (kglm3) ITS (gauge) ITS (kPa) 

0.25 4.52 981 977 0.41 0.057 2123.91 0 0.00 

1 4.53 978 940 3.89 0.056 2155.23 10 25.65 

2 4.54 971 942 2.99 0.055 2178.71 20 51.29 

3 4.53 972 931 4.22 0.055 2180.95 40 102.59 

4 4.53 974 924 5.13 0.055 2185.44 100 256.46 

6 5.45 974 919 5.65 0.055 2185.44 170 435.99 

8 4.56 970 912 5.98 0.055 2176.47 170 435.99 

17 5.55 975 911 6.56 0.056 2148.62 175 448.81 

24 4.53 970 902 7.01 0.055 2176.47 174 446.25 

60 4.53 975 904 7.28 0.056 2148.62 170 435.99 
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2 % Resin A. no Bitumen emulsion (covered) 
Time dried (days) pH Mass (g) Dry mass (g) Water losl (%) Height (m) Density (kg/m3) ITS (gauge) ITS (kPa) 

0 .25 4 .5 979 976 0 .10 0.057 2119 .56 0 0.00 
1 4 .53 975 961 1.44 0 .056 2146 .62 0 0.00 

2 4.53 972 957 1.54 0 .055 2160 .95 14 35.90 

3 4.56 969 946 2.17 0.055 2174 .22 10 25.65 

4 4.52 974 946 2 .67 0.055 2165.44 12 30.76 

6 4.5 973 945 2.66 0.055 2163.20 17 43.60 

6 4.5 979 941 3.66 0.056 2157.43 14 35.90 

17 4.49 980 935 4.59 0.057 2121.75 22 56.42 

24 4.48 973 936 3.60 0.055 2183.20 35 89 .76 

60 4.51 974 934 4.11 0.056 2146.42 60 153.88 

2 % Resin A. 2 % Bitumen emulsion (covered) 
Time dried (days) pH Mass (g) Dry mass (g) Water losl (%) Height (m) Density (kg/m3) ITS (gauge) ITS (kPa) 

0.25 4 .5 981 981 0.00 0.057 2123 .91 1 2.56 
1 4 .53 980 975 0.51 0.057 2121 .75 14 35.90 

2 4 .53 976 973 0.31 0.056 2150 .82 17 43.60 

3 4 .56 976 965 1.33 0.057 2117.42 22 56.42 
4 4 .52 976 956 2.25 0.056 2155 .23 12 30.78 

6 4 .5 980 953 2.76 0 .057 2121 .75 25 64.12 

8 4.5 970 948 2.27 0 .055 2 176.47 17 43.60 
17 4.49 975 949 2.67 0 .056 2148.62 21 53.86 

N 4.40 ~70 930 3.51 0 .055 1:170.47 CO 76.34 
60 4.51 975 937 3 .90 0 .056 2146 .62 52 133.36 

2 % Resin B. no Bitumen emulsion (dry) 
Time dried (days) pH Mass (g) Dry mass (g) Water lost (%) Height (m) Density (kg/m3) ITS (gauge) ITS (kPa ) 

0.25 4.5 973 970 0.31 0.055 2183.20 12 30.78 
1 4.51 970 952 1.86 0.055 2176.47 10 25.65 
2 5.49 974 950 2.46 0.056 2146.42 38 97.46 

3 4.48 970 945 2.58 0.055 2176.47 41 105.15 

4 4.48 976 946 3.07 0.056 2150.82 90 230.82 

6 4 .5 974 925 5.03 0.056 2146.42 88 225.69 
8 4 .51 974 921 5.44 0.055 2185.44 91 233.38 
17 4 .51 969 910 6.09 0.055 2174.22 100 256.46 

24 4.51 976 909 7.06 0 .056 2155.23 125 320.58 

60 4 .55 970 902 7 .01 0.055 2176.47 142 364.18 

2 % Resin B. 2 % Bitumen emulsion (dry) 
Time dried (days) pH Mass (g) Dry mass (g) Water los t (%) Height (m) Density (kg/m 3) ITS (gauge) ITS (kPa) 

0 .25 4.53 970 968 0.21 0.056 2137 .60 12 30.78 

1 4.56 972 955 1.75 0 .055 2180.95 22 56.42 

2 4.5 975 950 2.56 0 .056 2146 .62 24 61 .55 

3 4.5 975 948 2.77 0 .056 2148.62 20 51 .29 

4 4.51 970 942 2.89 0.055 2176.47 34 87 .20 
6 4.51 980 934 4.69 0.057 2121.75 80 205 .17 

8 4.48 981 927 5.50 0.057 2123 .91 97 248 .77 
17 4.51 976 911 6.66 0.056 2150.82 103 264 .16 

24 4.55 980 907 7.45 0.056 2159.64 120 307.76 
60 4.51 981 912 703 0.056 2161 .84 118 302.63 

2 % Resin A, 2 % Bitumen emulsion (dried for 7 days) 
Time in wa ter (h) Mass (g) Dry mass (g) Water lost (%) Wet mass (g) Water in (%) Height (m) Density (kg/m3) ITS (gauge) ITS (kPa) 

1 960 904 .6 5 .77 914 .2 1.06 0.055 2154.03 156 400.06 

6 970 915 5 .67 946.4 3 .44 0.057 2100.10 141 348 .93 

24 964 909 5.71 956.8 5.25 0.056 2124.38 123 304 .38 
48 962 909 5.51 973.5 7 .10 0 .055 2158.52 78 200.04 

192 954 902 5.45 976.6 8.27 0 .054 2180 .21 15 37.12 

Influence of Initial Total Moisture Content 

2 % Resin A, no Bitumen emulsion (dry) 
Tim e dried (days) Water added (g) Tolal moisture (%) Mass (g) Dry mass (g) Water lost (%) Height (m) Density (kg/m3) ITS (gauge) IT S (kPa) 

7 30 6.6 942 903 4 .32 0.058 1921.33 83 201 .85 

7 40 7.6 942 892 5 .6 1 0.057 1931.23 95 235.09 

7 50 8.6 945 896 5.80 0.056 1974.53 85 214 .10 

7 60 9.6 949 894 6.15 0.056 1970.12 80 201.51 

7 70 10.6 942 886 6 .32 0.057 1918.23 70 170.24 

7 80 11 .6 940 876 7.31 0.057 1896.58 75 188.91 

7 90 12.6 938 867 8 .19 0.058 1844.74 73 168.80 

2 % Resin A. 2 % Bitumen emulsion (dry) 
Time dried (days) Water added (g) Total moisture (%) Mass (g) Dry mass (g) Water lost (%) Height (m) Density (kg/m3) ITS (gauge) ITS (kPa) 

7 20 6 .6 947 908 4 .30 0.058 20 14 .95 98 238 .33 

7 30 7.6 948 900 5 .33 0 .057 2052.47 93 230 .14 

7 40 8 .6 953 903 5 .54 0 .056 2100.14 84 211.58 

7 50 9.6 952 894 6.49 0 .056 2097.93 65 163.72 

7 60 10.6 948 884 7 .24 0.057 2052.47 75 185.60 

7 70 11 .6 946 881 7 .38 0.058 2012.83 74 179.97 

7 80 12.6 945 875 8.00 0.058 2010.70 70 170.24 
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19t:<l3 

316,76 

0,059972 925.2 5.re 14 33.47 
7,36 0,056976 909.1 2150.82 16 40,30 

0,057 2130,41984 917 7.31 7 

Bled of ConlJaction 

Bled of Resin Dosage on Stabilisation 

%Bitll1'B1 errUsion 

4.5 

7 
7 
7 

7 

7 

0,057 2117.42 26 
2 976 920,5 5,1')3 1001 8.75 0.057 2113,09 85 

25 47.5 9725 918,7 553 978 6,45 0,057 2105,51 100 
3 45 975 920 5.64 985 707 0,057 2110,92 105 

21 days drying: 

Fe3inadJaj %) 

454 1 55 

4,5 2 50 
4,51 4 40 
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le;in B, 2 %BitllTB1 emJsion (ay) 
1Irredioo(<i¥) r:H R9sin ai:Dj (%) INa..-ai:Dj (g) MIss (g) Ctyrrre; (g) INa..-lcst (%) I-Bg'1 (m) ClrSty (l<g'nil) rrs(~) ITS (kRl) 

21 4.55 1 55 971 800 7.52 0,(J51 21OZ33 B2 202.92 

21 4.52 2 50 970 904 6,00 0,056 2137,60 122 :!tJ7 .:!tJ 

21 4.5 4 40 978 903 7,67 0.058 2C6J.91 124 :!tJ1.57 

le;in B, 2 %BitllTB1 emJsion (v.ett 
1Irreclioo (<i¥) r:H R9sinai:Dj (%) INa..-ai:Dj (g) MIss (g) Cty rrre; (g) INa..- lcst (%) Wi rrre; (g) INa..- in (%) I-Bg'1 (m) ClrSty(l<g'nil) rrs(~) rrs(I<?l) 

21 4,54 1 55 972 901 7.:!tJ 1001 11.10 0,058 ;n;a,15 7 17,02 

21 4,5 2 50 976 900 6,00 fMT 8,58 0,056 21 50,82 16 4O,:!tJ 

21 4,51 4 40 9€8 897 7,33 994 10.81 0,(J51 'XJd5,77 21 51.97 

Effect of BitLrrel1 EnUsion I:bsage on Stabilisation 

2 % le;in A BitllTB1 emJsion adOOd (eiy) 
Tlrre dioo (<i¥) r:H sturm ai:Dj(%) INa..-ai:Dj (g) MIss (g) Ctyrrre; (9) INa..-lcst (%) I-Bg'1 (m) ClrSty (l<g'nil) rrs(~) rrS(kRl) 

7 4,5 0 60 800,5 824 6.95 0,051 21 4270 92 254,45 

7 4,5 1 55 9€8 905 6,31 0,055 2167,49 101 2!'B,03 

7 4.47 2 50 9€8 915 5.57 0,055 21 74,22 93 238,51 

7 4,55 3 45 975 923 5,33 0,054 2228,aJ 102 336.44 

7 4,55 5 36 976 921 5.64 0,(J51 2113,09 96 237,57 

2 %le;in A BitllTB1 emJsion (v.et 1 h) 
1Irredioo(<i¥) r:H sturm ai:Dj (%) INa..-ai:Dj (g) MIss (g) Cty rrre; (g) INa..- lcst (%) Wi rrre; (g) 'Na..-in(%) I-Bg'1 (m) ClrSty(l<g'nil) rrs(~) rrs(I<?l) 

7 4,55 ° 60 978 003 7,16 Brd<e - 0,059 aJ45,64 ° 0,00 

7 4,5 1 55 944 878 6,99 946 7.74 0,056 2C6J.:!tJ 1aJ 302,26 

7 4,46 2 50 970 912 5,98 973 6,69 0,055 2176.47 95 243.64 

7 4.47 3 45 972 926 4.73 954 3,02 0,054 2221.34 102 336.44 

7 4,53 5 36 973 924 5,04 954 3,25 0 ,(J51 2106,59 103 254,89 

2 %le;in A BitlllBl emJsion (v.et 24 h 
1Irredioo(<i¥) r:H sturm ai:Dj (%) INa..-ai:Dj (g) MIss (g) Ctyrrre; (9) INa..- lcst (%) Wi rrre; (g) INa..-in (%) t-ag'1 (m) ClrSty (~nil) rrs(~) rrS(kRl) 

7 4,52 0 60 978 904 7,57 Brd<e - 0,059 aJ45,64 ° 0,00 

7 4,5 1 55 975 912 6,46 967,5 4,99 0,058 aJ74,53 aJ 48,64 

7 4,5 2 50 977 921 5.73 ge:J 4.23 0,059 2043.55 10 23.91 

7 4.55 3 45 978 928 5, 11 975 5,06 0,058 2C6J.91 60 145.92 

7 4,54 5 36 977 934 4.40 ge:J 278 0.059 2043.55 68 162,57 

2 %le;in A BitllTB1 emJsion (v.et 48 h 
1IrrediOO(<i¥) r:H s turm ai:Dj (%) INa..-ai:Dj (9) MIss (g) Ctyrrre; (g) INa..-lcst (%) Wi rrre; (9) INa..-in(%) I-Bg'1 (m) ClrSty (~nil) rrs(~) rrS(kRl) 

7 4.55 ° 60 978 903 7,67 Brd<e - 0,059 aJ45.64 ° 0,00 

7 4.5 1 55 972 906 6.79 975 7.62 0.058 aJ68.15 19 46,21 

7 4,46 2 50 977 919 5.94 goo 7,29 0,059 2043,55 aJ 47.82 

7 4.47 3 45 977 928 5.02 958 3.23 0,058 aJ7878 45 109.44 

7 4,53 5 36 900 934 4,69 959 2.68 0,058 2006, 17 00 194.56 

21 days d'yirg: 

2 %le;in A BitllTB1 emJsion (ay) 


1Irredioo(<i¥) r:H Sturmai:Dj (%) INa..-ai:Dj (g) MIss (g) Ctyrrre; (9) INa..- lcst (%) t-ag'1(m) D;n;ity(l<g'nil) rrs(~) rrs(I<?l) 
21 4,56 2 50 981 91 1 7,68 0,056 2161.84 142 357.68 
21 4.44 3 45 967 900 7.44 0.058 aJ57,51 144 350.21 

21 4.55 5 36 9€8 905 6.84 0.058 aJ59,64 133 3:!tJ.75 

2 % le;in A BitlllBl emJsion (v.et) 
1Irredioo (<i¥) r:H Sturm a::tB:J(%) INa..-ai:Dj (9) MIss (g) Ctyrrre; (g) INa..-Ia;I(%) Wi rrre; (9) INa..- in (%) t-ag'1 (m) D;n;ity(l<g'nil) rrs(~) rrs(l<?l) 

21 4,56 2 50 970 901.8 7,56 900,00 9.23 0.055 2137.60 47 118.39 

21 4,52 3 45 goo 923 6.83 800 8.13 0.06 2028.00 78 183.37 

21 4,5 5 36 966 904 6.75 9€8 7.08 0.059 aJ18 45 85 203.22 

2 %le;in B, BitlllBl emJsion (ay) 
1Irredioo (<i¥) r:H s turm ai:Dj (%) INa..-a::tB:J(g) MIss (g) Ctyrm;s(g) INa..-lcst (%) t-a g'1 (m) ClrSty(l<g'nil) rrs(~) rrs (I<?l) 

21 4.56 2 50 970 904 6.00 0.056 2137,600954 122 307.:!tJ 

21 4,44 3 45 9€8 907 6.73 0.058 aJ59.64 1:!tJ 316. 16 

21 4,56 5 36 971 914 6.24 0,058 2006,02 131 318.59 

2 %le;in B, BitlllBl emJsion (v.ett 
Tlrredioo(<i¥) r:H sturm ai:Dj (%) INa..- ai:Dj(g) MIss (9) Ctyrrre; (9) INa..-lcst (%) Wi rrre; (g) INa..- in(%) t-ag'1 (m) D;n;ity (l<g'nil) rrs(~) rrS(kRl) 

21 4.43 2 50 976 900 6,00 fMT 8.58 0,056 2150,82 16 4O,:!tJ 

21 4.48 3 45 966 907 6.39 900 8,05 0,058 d)53,25 26 63.23 

21 4.6 5 36 972 914 6.36 972 6,36 0.059 =09 27 64,55 
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Influence of pH on Stabilisation 

2 % Resin A, no Bitumen emulsion (dill 
Time dried (days) pH Mass (g) Dry mass (g) Waler losl (%) Heighl(m) Density (kglm3) ITS (gauge) ITS (kPa) 

7 4.38 975 920 5.64 0.058 2074.53 130 316.16 

7 5.41 971 918 5.46 0.058 2066.02 118.5 288.19 

7 6.85 972 907 6.69 0.058 2068.15 11 2.3 273.11 

2 % Resin A. 2 % Bitumen emulsion (dry) 
Time dried (days) pH Mass (g) Dry mass (g) Water lost (%) Height(m) Density (kglm3) ITS (gauge) ITS (kPa) 

7 7.33 885.5 830 6.27 0.055 1986.87 108 276.98 

7 6.38 966 907 6.11 0.055 2167.49 110 282. 11 

7 5.28 969 917 5.37 0.055 2174.22 114 292.37 

7 4.5 975 923 5.33 0.055 2187.69 140 359.05 

7 4.16 976 927 5.02 0.055 2189.93 150 384.70 

2 % Resin A. 2 % Bitumen emulsion (wet) 
Time dried (days) pH Mass (g) Dry mass (g) Water lost (%) Height(m) Densi ly (kglm3) ITS (gauge) ITS (kPa) 

7 7.33 968 904 6.61 0.055 2171 .98 93 238.51 

7 6.38 944 878 6.99 0.055 2118. 13 95 243.64 

7 5.28 970 919 5.26 0.055 2176.47 109 279.55 

7 4.5 972 923 5.04 0.055 2180.95 122 312.89 

7 4.16 973 921 5.34 0.055 2183.20 132 338.53 

21 days drying: 

2 % Resin A, 2 % Bitumen emulsion (dry) 


Time dried (days) 

21 

21 

21 

pH 

6.18 

4.55 

3.85 

Mass (9) 

961 

981 

970 

Dry mass (g) 

687 

915 

903 

Water lost (%) 

7.70 

6.73 

6.91 

Height (m) 

0.055 

0.056 

0.055 

Density (kglm3) 

2156.27 

2161.84 

2176.47 

ITS (gauge) 

84 

120 

147 

ITS (kPa) 

215.43 

302.26 

377.00 

2 % Resin A 2 . % Bitumen emulsion (wet) 
Time dried (days) pH Mass (g) Dry mass (g) Water losl (%) Heighl (m) Density (kglm3) ITS (gauge) ITS (kPa) 

21 6.18 975 903 7.38 0.055 2187 .69 77 197.48 

21 4.55 970 906 6.60 0.057 2100.10 95 235.09 

21 3.85 972 907 6.69 0.055 2180 .95 108 276.98 

2 % Resin B. 2 % Bitumen emulsion (dry) 
Time dried (days) pH Mass (g) Dry mass (g) Waler losl (%) Heighl(m) Density (kglm3) ITS (gauge) ITS (kPa) 

21 6.2 978 907 7.26 0.056 2155.23 97 244.33 

21 4.55 971 907 6.59 0.056 2139.80 107 269.52 

21 3.9 970 910 6.19 0.058 2063.89 131 318.59 

2 % Resin B, 2 % Bitumen emulsion (wet) 
Time dried (days) pH Mass (g) Dry mass (g) Waler IOSI (%) Height (m) Density (kglm3) ITS (gauge) tTS (kPa) 

21 6.2 970 901 7.11 0.056 2137.60 7 17.63 

21 4.55 976 915 6.25 0.056 2150.82 18 45.34 

21 3.9 971 904 6.90 0.055 2178.71 21 53.86 

Influence of Urea to Formaldehyde Ratio on Stabilisation 

2 % Resin A, 2 % Bitumen emulsion (dry) 
Time dried (days) Molar ralio (F:U) Mass (g) Dry mass (g) Water lost (%) Heighl(m) Density (kglm3) ITS (gauge) ITS (kPa) 

7 1 973 923 5.1 4 0.057 2106.59 80 197.97 

7 1.5 978 917 6.24 0.055 2194.42 86 220.56 

7 2 978 921 5.83 0.055 2194.42 90 230.82 

7 3 976 918 5.94 0.058 2076.66 78 189.69 

7 4 974.5 904 7.23 0.056 2147.52 72 181.36 

2 % Resin A, 2 % Bitumen emulsion (wet) 
Time dried (days) M<>ar ratio (F:U) Mass (g) Dry mass (g) Water losl (%) Wet mass (g) Water in (%) Height(m) Density (kglm3) ITS (gauge) ITS (kPa) 

7 1 979 921.00 5.92 958.5 4.07 0.059 2047.73 18 43 .03 

7 1.5 978 919.00 6.03 952 3.59 0 .056 2155.23 26 65.49 

7 2 980.5 920.00 6.17 956 3.91 0 .056 2160.74 33 83.12 

7 3 977.5 917.00 6. 19 972 6.00 0 .058 2079.85 18 43.78 

7 4 975.5 907.00 7.02 986 8.71 0.055 2188.81 12 30.78 

21 days drying: 

2 % Resin A, 2 ~o Bitumen emu slon Iry)
I' (d) 

Time dried (days) Molar ralio (F:U) Mass (g) Dry mass (g) Waler lost (%) Height (m) Density (kglm3) ITS (gauge) ITS (kPa) 

21 1 961 903 6.04 0.056 2117.77 108 272.04 

21 2 970 904 6.80 0.058 2063.89 133 323.45 

21 4 970 902 7.01 0.059 2028.91 83 198.43 

2 % Resin A, 2 % Bitumen emulsion (wet) 
ITS (kPa) 

21 

Height (m) Density (kglm3) ITS (gauge) Wet mass (g) Water in (%)Dry mass (g) Water lost ('!o)Mass (g)Time dried (days) Motar raUo (F:U) 
86.07 

74 

2041.46 360.0597.34980913 6.459761 
176.922018.45 

2022.63 

0.0597.566.74 968900965221 
17 40.640.0598.009726.93 900967421 
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Influence of the Type of Bitumen EmJlsion on the Effectiveness of the Resin 

2 % Resin A, 2 % Biturren errulsion (dry) 
Twe d E'i1l1TlEl1 nrre moo (day.; pH rvtlss(g) Dyrrass (g) Wale: 1a;1 (%) ra(j1t(m) Deffity (kg'm3) ITS (!J3U99) ITS(kPa) 

SS60 21 4.55 981 915 6.73 0.056 2161.84 142 357.68 

KMS60 21 4.35 973 911 6.37 0.057 2106.59 109 269.74 

KRS60 21 4.31 977 911 6.76 0.057 2115.25 128 316.76 

2 % Resin A, 2 % Biturren errulsion (-.wt) 
Twe d E'i1l1TlEl1 Tirre moo (day.; pH rvtlss(g) Dyrrass (g) Wale: 1a;1 (%) WfJ. rrass (g) Wale:in(%) rag-rt(m) Deffity (kg'm3 ITS (g3uge) ITS(kPa) 

SS60 21 4.55 970 908 6.83 985 8.48 0.056 2137.60 87 219.14 

KMS60 21 4.35 969 909 6.60 992 9.13 0.057 2097.93 4 9.90 

KRS60 21 4.31 971 908 6.94 Brd<e - 0.057 2102.26 0 0.00 

2 % Resin B, 2 % Biturren em..dsion (dry) 
T we d E'i1l1TlEl1 nrre moo (day.; pH Mlss (g) Dyrrass (g) 1/IIj,e: 1a;1 (%) rag-rt(m) Deffity (kg'm3) ITS (g3uge) ITS(kPa) 

SS60 21 4.61 973 909 6.58 0.056 2144.21 94 Z3S.77 

KMS60 21 4.45 973 907 6.78 0.055 2183.20 110 282.11 

KRS60 21 4.32 975 910 6.67 0.057 2110.92 102 252.41 

2 % Resin B, 2 % Bitumen erTlJlsion (\Wt) 
T we d E'i1l1TlEl1 Tirre moo (day.; pH rvtlss (g) Dyrrass (g) 1/IIj,e:1a;1(%) WfJ. rrass (g) 1/IIj,e:in (%) rag-rt(m) Density (kg'm3 ITS (g3uge) ITS(kPa) 

SS60 21 4.61 976 909 6.86 982 8.03 0.057 2113.09 16 39.59 

KMS60 21 4.45 977 911 6.76 Brd<e - 0.057 2115.25 0 0.00 

KRS60 21 4.32 973 913 6.17 Brd<e - 0.057 2106.59 0 0.00 

Influence of Cement on the Soil Strength when Corrbined with Resin 

o%Resin A with Cerrent, Standard IVk:lthod (dry) 
Tirre (day.;) D;:sage,% rvtlss (9) rag, m Deffity (k( m3 ITS (!J3U99) ITS kPa 

7 2 949 0.066 1774.46 15 32.06 

7 4 950 0.066 1776.33 20 42.74 

7 6 953 0.064 1837.62 45 99.18 

0% Resin A with Cerrent, Standard IVk:lthod (\Wt) 
Tirre (d<fflJ o:;aqe I % M3ss (oJ raq, m Density(k( m3 ITS (!J3U99) ITS (kPa) 

7 2 961 0.065 1824.54 4 8.68 

7 4 951 0.065 1805.55 15 32.55 

7 6 966 0.065 1834.03 30 65.10 

2 % Resin A with Cerrent, Standard IVk:lthod (dry) 
Tirre (d<fflJ c:saQe I % Mlss (OJ Me'ld OJ ra m Deffitv(k()'m3 ITS(qauqeJ ITS kPa 

7 2 960 1016 0.059 2007.99 4 9.56 

7 4 969 1009 0.06 1993.04 30 70.53 

7 6 963 1014 0.059 2014.27 120 286.89 

2 % Resin A with Cerrent, Standard IVk:lthod (\Wt) 
Tirre (day.;) D;:sage(%) Mlss (9) Me'ld (9) ragi(m) Deffity (kg'm3 ITS (g3uge) ITS(kPa) 

7 2 964 1023 0.059 2016.36 3 7.17 

7 4 958 997 0.059 2003.81 25 59.77 

7 6 967 1001 0.059 2022.63 52 124.32 

2 % Resin A with Cerrent, Experirrental IVk:lthod (dry) 
Ti rre (day.;) D;:sage(%) Mlss (9) Me'ld (9) ragi(m) Deffity (kg'm3 ITS (g3uge) ITS(kPa) 

7 2 970 920 0.06 1995.09 55 129.30 

7 4 956 912 0.059 1999.63 122 291.67 

7 6 969 929 0.06 1993.04 142 333.83 

2 % Resin A with Cerrent, ExperirrentallVk:lthod (\Wt) 
Tirre (day.;) D;:sage(%) Mlss (g) Me'ld (g) ra(j1t(m) Deffity (kg'm3 ITS (g3uge) ITS(kPa) 

7 2 966 916 0.06 1986.87 15 35.26 

7 4 958 915 0.059 2003.81 70 167.35 

7 6 966 925 0.06 1986.87 98 230.39 
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The Influence of Lime on Resin 

o% Resin A with Lime, Standard Method dry) 
Time (days) Dosage (%) Mass (g) Mend (g) Height (m) Density (kglm3) ITS (gauge) ITS (kPa) 

7 2 961 997 0.061 1944.18 3 6.94 

7 4 894 931 0.056 1970.12 3 7.56 

7 6 950 987 0.06 1953.96 2 4.70 

o% Resin A with Lime, Standard Method wet) 
Time (days) Dosage (%) Mass (9) M end (g) Height (m) Density (kglm3) ITS (gauge) ITS (kPa) 

7 2 968 998 0.061 1958.34 6 13.87 

7 4 955 988 0.06 1964.24 4 9.40 

7 6 956 998 0.06 1966.30 4 9.40 

2 % Resin A with Lime, Ex ~erimental Method (dry) 
Time (days) Dosage (%) Mass (g) M end (g) Height (m) Density (kglm3) ITS (gauge) ITS (kPa) 

7 2 952 898 0.06 1958.07 43 101 .09 

7 4 959 906 0.06 1972.47 40 94.04 
7 6 970 919 0.061 1962.39 45 104.06 

2 % Resin A with Lime, Ex~erimental Methodlwetl 
Time (d~) Dosage(%) Mass (g) Mend (g) Height (m) Density (kglm3) ITS (gauge) ITS(kP~ 

7 2 957 904 0.059 2001.72 16 38.25 
7 4 969 917 0.06 1993.04 13 30.56 
7 6 960 909 0.06 1974.53 13 30.56 

The Influence of Organic Substances on the Resin 

00/. R . A 'th I " "I H "d dd d 0 esm WI plam SOl, umlc aCI sa e 
Time (days) Mass (g) M end (g) Height(m) Density (kg/m ITS (kPa)HAadded (%) water added (%) ITS (gauge) 

7 1 6 1002 934 0.06 2060.91 60 141.06 

7 3 4 1010 947 0.06 2077.37 63 148.11 

7 5 2 1024 960 0.06 2106.16 70 164 .56 

2 % Resin A with plain soil, Humic acids added 
Time (days) HA Dosage (%) water added (%) Mass (g) M end (g) Height (m) Density (kg/m ITS (gauge) ITS (kPa) 

7 1 4 1025 963 0.062 2040.21 107 243.43 

7 3 2 1023 988 0.061 2069.61 100 231.24 

7 5 0 1022 970 0.061 2067.59 98 226.61 

o% Resin A with washed soil , Humic aCids added 
Time (days) HAadded (%) water added (%) Mass (9) M end (g) Height (m) Density (kglm3) tTS (gauge) tTSJkPa) 

7 1 6 1002 934 0.06 2060.91 0 000 
7 3 4 1010 947 0.06 2077.37 0 0.00 
7 5 2 1024 960 0.06 2106.16 5 11 .75 

2 % Resin A with washed soil , Humic acids added 
Time (days) HA Dosage (%) water added (%) Mass (9) Mend (g) Height (m) Density (kglm3) ITS (gauge) ITS (kPa) 

7 1 4 848 800 0.05 2093.00 10 28.21 

7 3 2 1003 950 0.055 2250.51 20 51 .29 

7 5 0 1004 945 0.063 1966.69 25 55 .97 

Time (days) waler added (%) 

7 5 
7 o 

2 % Resin A with washed sand , Humic acids added 
Time (days) HA added (%) water added (%) Mass (g) Mend (g) Height (m) Density (kglm3) ITS (gauge) ITS (kPa) 

7 0 3 1002 934 0.06 2060.91 0 0.00 

7 1 2 1010 947 0.06 2077.37 60 141.06 

7 2 1 1024 960 0.04 3159.24 75 264.48 
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