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Explain the different tests conducted on bituminous emulsions.
1. Det����na���� of W���� �on���t
2. Me�s��e��n� �� Vis����t�
3. Det����na���� of R����u� �n Si����g
4. Co�g��a���n o� �t����e
5. Lon�-pe���� s�o��g� ��ab����y
6. Co�g��a���n a� L�� ��m�e��t��e
7. Sed����ta����

Det����na���� of W���� �on���t
Tak� ���ro����te�� �b�u� 100 g�� of ��� s���le ��� p�u� �� �n�o �h� fl���.
Ad� 100m� o� s����n�(pe���l�u�).
At�a�h ��� fl�s� �o t�� D�a� �n� S��r� �on���s��� an� ��l���ti�� s��te�.
He�t ��� flas� �� s��� a r��� �ha� �h� ���de���t� �a�l� �ro� �h� ��� of ��� c���en��� �t a
ra�� �� t�o �� fiv� ��op� ��r ���on�.
The ����ni� ��q�i� ��s���s i��� t�� �ec���e�, ca��y��� w��� it, wa��� w���h ��en ����ra��� �n�o
lo��� l��e�. The ����s� �ar���� li���� ov�� fl��s i��� t�� fla�k.

Me�s��e��n� �� Vis����t�
It i� fi�s� �al����te� �y fi��in� �� t�� �ev�� ��t� �is���l�� �at�� �h��� is ����s�e� t� 20°C b�
t�e ��r��u�d��� w��e� b���.
The ���� in ����n�� fo� 50 m� �o r�� �u� �s ���or���.
The ���c��e��r �� �ri�� ��d ��e t��� �s �e���te� ���n� e��l��o�.
The ���c��i�y �� E�g�e� d����es �� �h� �a��� of ��� t��e� �f fl�� �or ����si�� ��d �a��r.
t�e ��t�o ����in�� �y �i��d��� t�e ��m� o� fl��, in �, of 50 mL o� ��t��i�� �si�� �n E��le�
vi���s��e��r �� a ��l���ed ���p��a��r� �� a f����r �e�r����ti�� t�� ��me �� fl��, in �, fo�
an ���a� v����e �f ���er �� 25°C.

Det����na���� of R����u� �n Si����g
Bin��� p���en� �� � bi����no�� ��ad ����si�� �� pa���c��� la��� �no��� t� �e ��t�i��� �n a ����e �f ���cifi�� ��s�.
Emu����n� �us� ��t ���e m��� �ha� 0.25 g o� ��s��u� ��r 100 m� o� �m���i�n ���n �a�s�� �h��u�h ���r���i�t� �i���.
The ���r���i�t� �i��� is ���h��, d�i��, we����d a�� m����en��.
100 m� o� �m���i�n ��e ���re� �h����h a�� t�� ��ev� �� �as��� w��� di���l��� wa���.
A�er ��y��� �n a ����um ����c�a��r, t�e ��s��u� �� we����d.

Co�g��a���n o� �t����e
In�i��t�� �he ���d���y o� �h� ���ti���s �� �in��� �n a� ���l�i�� t� a��l����at� ���n ��e �m���i�n �� �to��� �r
t�a�s���t�� i� �r���ar� ��m���ci�� ��n�a���r�.
Not ���� t�a� 0.1 g o� ���gu���t ��� 100 m� o� �m���i�n ���ul� �� p���uc�� ��de� �h� ���di����s o� ��s�.
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100 m� o� s���e� �m���i�n ��e ��l��e� t� ���n� �or 7 da�� �n � ��op����d �e���ri�� c��in���.
At ��e �n� �� t�i� p���o� t�� ��ul���� is ���i� s���e� �n� �h� �e��d�e ����he� ���� wa���n� ��d ��yi��.
The ����h� o� r����u� �s �e��r��� as ����ul���� bi���r ��� 100 m� o� �m���i�n.
Co�g��a���n a� L�� ��m�e��t��e
In�i��t�� i� �n� ��ag����i�n �� �he ���d�� o�c��� �n e���s��e �� l�� �em����tu���.
Thi� ���l�i�� �s fi��t �i���d a�� p����at�� �� 60°C.
it �� �h�� �o�l�� i� � s��i�� �f �a�h� �� � te���r��u�� �f -3° to -4°C.
Rem��� i� q��e���n� ��r 30 mi����s.
The ���p��a��r� o� �h� ��u�s��� i� �l���ed �� ��ga�� �i�-te���r��u��
w�e� t�� ��ul���� is ����ed �� ��y �o���la��� b���er �� ��ta����, t�e ���l�i�� f�i�� t�� ��s�.

.Lon�-pe���� s�o��g� ��ab����y
In�i��t�� �he ���d���y o� �h� ���de� �� � bi����no�� ��ad ����si�� �t��e� �n ���m� �o s����at� �� a ��r� �h��� ca���t
be ����s�e�s�� �y ��i��t�o�.
An e���s�o� �h���� no� ��s���s �o�� t��� 2% of ����r �o�t��� d�ffe���c� �e�w��� �ef��� a�d ���� �to����.
A d�u� �f ��u�s��� i� s����te� ��d ��� wa��� c���en� �� d��e�m���� b� De�� �n� S�ar� ��t���.
The ����si�� �� t�a�s���r�� �o � c��a� d��� l�a���g 5% a�r ���ce.
The ���m �� �e�l�� a�d ��� ��r 3 mo��h� �� t���er����e r���� 5 to 30°C.
At ��e �n� �� s�o��g� �e���d, t�e ��s� ��r�i�� �s �i���d a�� t�� ��te� ��n���t �e��r���ed.
The ��ff��en�� ��t�e�� t�� �at�� ��n�e�t �� �h� e���s�o� ��f��e ��d ��e� �t����e �s ���or��� �s ��or��� �ta����t�.

.Sed����ta����
May ����r ��en � ���m o� ���l�i�� �s �e� �t����n� �ef��� u��.
10 g o� ��t��e� �m���i�n �� �e�g��� in�� � �la�� t���.
The� ��n���fu��� f�� fi�e m����es �� ��di���t ��� em����on.
30 m� o� 1 % so� ���� is ����d a�� t��� i� s���p��e�.
The ���� is ���n ���at�� ��d-ov��-en� �� �ne ���p���e �n���si�� ��r �e��n�.
a��r �a�� fiv� ���n� �he ���� is ����we� �� d��i� t����d� �he ���p��� fo� ��n ���on�� t� ���er�� �� an� ��d��e�t ����in�.
The ���b�� o� �n���si��� �n�i� t�� ��di���t ���pe���s �� �ot�� ��d ��o�l� ��t �e ��s� �h�� 50 fo� �h� ��u�s���.

2 Explain the mechanism of adhesion failure
Fa�l��e �� t�� a�g����te/bi����n �o�d �� ��m�o�l� ��f���ed �� �� ‘s��ip���g’. The ��ff��en� ��c���is�� t�a� c���e
ad����on ����ur� ��e �� f���ow�:
Dis���c��e�t: If �a��r �� i�t����ce� �� � bi����n/ag���g��e ��t���ac� ���n �o�s����at��� o� t�� ��r�a�� �ne����s ��at
ar� ���ol��� s���s ��at ��� b��u��n ���l �e�r��� �lo�� t�� ��r�a�� �f ��e �g���ga��. As ��ow� �� F�gu�� ��lo�, w�e� �n
co���c� ��t� �at��, t�e ���il����um ����t a� A �hi�� ��d ��� ne� ��t���ac� ���es �� ��t�a�t� ���r ��e s����ce �� ��in�
B.

Det���m���: Det���m��� oc���s ���n a ���n fi�� of ����r o� ��s� ��pa����s
t�e ��t��e� �n� ��g�e��t� �i�h �� ��vi��� �re�� �� t�e ��r���e �f ���
bi����n fi�� be��� �p�a��n�. Al��o�g� �h� �i��m�� fi�m �o�p����l�
en���s��a��s ��� ag���g��e ��r���le, no ����si�� ��n� e��s�� �n� �he ����me�
ca� ���il� �� p�e��� f��� t�e ��g���at� ���fa��.

Fil� ��p���e: At ��ar� ��g�� o� �s���it��� o� t�� ��g�e��t� �u�f��� �he��
t�e ��t��e� fil� i� t���n���, wa��� c�� �en����te ��r���� t�e fi�m �o ���c� �he ���f��e �� t�� a�g����te. Thi� ��v��e�t
of ����r �o �h� ���re���� su���c� �a� �c��� wi�� t�� ��te� �� �it��� � va���� or ����id ���m. On�e �h�� �r��e�s ���
s�a�t��, it �� ��s�i�l� ��� t�e ��t�� �o s����d �e�w��� �he ����me� ��d ���re���� su���c� �o �r����e � d��a�h�� fi�m o�
bi����n.
Bli���r��� an� ��t���g: If ��e t����ra���� of ��� b��u��n �� a ��v��e�t ���r�a���, t�e ��s���it� �� t�� �it���� wi��
re����. If ��is �� ��so����ed ���h � �e��n� ��in���l, t�e ��t��e� m�� �r�e� �� t�� e�g�� �� wa��� d���le�� t� ���m a
b�i�t��, as ���w�. If ��e t����ra���� is ���r�a���, t�e �l����r �i�l ����n�, le����g a ���l�� o� � p�� �hi�� m�� ��lo� ��t��
to ����s� �he ���f��e �� t�� a�g����te.

Hy��a�l�� �co����g: Whe� ��h���e p����s a ����ra��� p��e��n�, t��e s���s ��
t�i� w����, t�e��b� ��du���g � �o�p���s�o� ��n��o� c��le �� �h��e ��r���e v����,
w�i�h ��� r��u�t �� ��s�o�d��� �f ��e b����en ���m ��� ag���g��e. Sus���d��
du�� �n� ��l� i� t�� ��te� ��n ��� as �� ��ra���� an� ��n ���el����e
di���n���g.
Por� ���s�u��: Thi� �y�� �� di���n���g �e�h����m i� ��s� ��po���n� �� op�� ��
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po���y ���pa���d ���tu��� w���e �t �� �os���l� �o� w���� to �� �r���ed �� �h� �a��r�a� �� c���ac��� b� �raffi�. On�e �h�
ma����al ����me� �ff��ti���y ���er����le, su���q�e�� t��ffi�k��� in����s a ���� wa��� p���su�� �h��� ca� ���d �o ��s� ��
bo��.
Che����l �i�b����n�: The ���s���e �f ��� wa��� c�u��� t�� a�g����te ���f��e �� �x�i��t � �e��t��e ��r���e c���g�
ag����t a ���g��l� �eg����el� �h����d �i��m��. Thi� ��s���s i� �w� ���at����y ��ar��� s���ac�� �� co���c� ��d �e��l��o� �s
t�e ��s���. As �o�� w��e� �s ���ra���d �� �he ���r��a�� s���ac�, di���n���g o� �h� ���um�� fi�m �i�l fi���l� ��cu�.

3 Explain the constituents of a bituminous mix. List and explain the desirable
properties of a bituminous mix.
Con���t�e��s ���
Co�r�� a�g����te�:
● •off�r ���p�e�s��� a�d ����r ��re��t�
● •s�o�s ���� in���l���in� �r����ti��.
● •E.g.: Gra����

•Fin� ���re����s:
● •Fil�� t�e ���d� i� t�� ��ar�� ��g�e��t�
● •s�iff��s ��� bi���r.
● •E.g. San�, Roc� ��s�

•Fil���:
● •Fil�� t�e ���d�,
● •s�iff��s ��� bi���r
● •off�r� ��r�e���li��.
● •E.g. Roc� ��s�, ce���t, li��

•Bin���:
● •Fil�� t�e ���d�,
● •ca��� �ar���l� a���s�o�
● •off�r� ��pe����bi���y.
● •E.g. Bit����, As��al�, Tar

Des����le ���p���i�s
● Ade����e s�a��l��� of t�e mi� to wi��s���d s��es��� an� de���m��i��s du� to it� re����ed ap���c��i�� of w�e��

lo���.
● Ade����e fl�x��i��t� �� wi��s���d ���ig�� eff�c�� (de����p�e�t �� �r���s) du���g ���vi�� ��fe �� �h� �a��m���.
● Ade����e re���t���e to pe���n��� de���m��i�� su�� as ru���n� du� to mo����n� of he��� w�e�� lo��� du���g ho�

we����r
● Pos���s ��e���te ����s�a�c� �� �ow ���p��a��r� ��ac���g ���er ���ffic ���em���
● Dur����it� �� s���a�n ��� ad���s� �e��h�� a�d ����at�� �r�ffi� �o�d�.
● Pos���s ��ffi�i�n� �i� v���� to ���v��� b�e���n� o� t�� ��n�e�
● Pos���s ��e���te ����s�a�c� ��a��s� ��is���� in����d �a��g��
● Sho��� p���es� ���qu��� �ki� ��s���an�� ��en ���� �on����ed ���ffic ���em���s
● Hot ��� �s��al� �h���� ha�� ��eq���e ��r���il��� �f ��e m��
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4 Explain the procedure of determining the optimum bitumen content, for a
bituminous mix, by the Marshall test.
Sta����t� of t�e mi� is defi��� as a ma����m lo�� ca����d b� a co���c��� s�e��m�� at a s�a�d��� te�� te���r��u�� of
60℃.Flo� is me����ed as t�e de���m��i�� in un��� of 0.25 m� be����n no lo�� an� ma����m lo�� ca����d b� t�e
s�e��m�� �ur��� s���il��� t���.Op�i��m ���de� ��n���t �o� t�� ��g�e��t� �i� t��� �n� �raffi� ��t���it� �� �b�a���d.
Ap�a��t��:-
a) Mo�l� ��se��l�: c��in���c�� �o�l� �� 10.16c� �i�m��e� �n�

6.35 c� �e�g��, wi�� � b��e �l��� a�d ���l��.
b) Sam��� �x��ac���
c) Com���t�o� ��d���al ��� h���er, we���t 4.54 k� �it� 45.7 c� �e�g�� �f �a�l.
d) Pro���g ���g
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e) Bre����g he��, to ap��y a lo�� on it� pe���h��� pe���n���ul�� to it� ax�� in a lo����g ma���n� of 5 to�� ca����t� at
a r��� o� 5 c� �er ����te.
f) Lo�d��� ma���n�
g) Flo� ��t�� (di�� ��ug�)
Pro����re
•Sel��� t�� a�g����te ���d��i�� f��� t�e �p���fie� r����s i� �h� ���le. ( IR� or ��R�� )
•Tak� ���ro����te�� 1200g o� ��g���at� ��� fil�e�, if ���, an� ���t �o � ��m�e��t��e �� 175 to 190°C.
•He�t ��� co���c��o� m���� as���b�� �n� �he ���m�� �o � t���er����e �f 138 to 149° C.
•He�t ��� gi��� b��u��n �� a ��m���at��� o� 121 to 145°C.
•Ad� �he ����ir�� ��an���y �� �ri�� ��tu��� c���en� (sa� 3.5 % b� �e�g�� �f �i��r�� a�g����te) an� �h���u�h�� mi� ���n�
a t����l, ma����in��� � mi���g ���pe����re �� 154 to 160° C.
•Ke�p ��� p�e-he���� mo��� �n� �ol��� �n ��e c����c�i�� p��e�t��.
•Tra��f�� �h� �i� �n ��� p�e-he���� mo��� �n� �om���t �� 75ti��� �si�� t�� �p��ifi�� r���er.
Tur� �h� ��u�d, an� ��v� 75 b�o�s �� ��he� ��d� a� ��l�.
•Rep��� �he ���c��u�� w��� s�e��m��� ha���g ���er ����l �i��m�� �on���t�.
•Al�o� t�� �p��i��n� �� co�� �� a�r ��� a f�� ��ur�.
•Now ���r��� t�e �p����en� �r�� �h� �o��d� ��in� �h� ���p�e ��t���to�.
•Me�s��e �h� ��a��t�� a�d ���� he���t �� �he ���c��e�s.
Fin� �h� ��i�h� �� s���im��� �n a��
•Ke�p ��� s�e��m��� in � ���er ���h ��i�t���e� �t � �e�p����ur� �� 60° C fo� ���ut 30 to 40 mi����s.
•Tak� ��� we���t �� �he ���c��e� �n ���er.
•Ke�p ��� s�e��m�� i� t�� �r�a���g ��a� �s���b�� in ��� M�r��al� ��p��a��s.
•Set ��� p���in� ��n� ��al ��� fl�w �i�� t� �e��.
•Lo�d ��� s�e��m�� u�t�� �� fa��� �n� �ec��� t�� �o�d ���li�� ��d flo� ���di��s �� ��il���.
•Rep��� �he ���c��� fo� ��h�� �pe����n�.
Res���s
•Mar���l� S��bi���y �� �iv�� ��x a� ��t��e� c����n� -------- % = --------------
•Op�i��m ���um�� ��n�e�t ��� t�� �iv�� ��x = --------------- %

5 A bituminous concrete mix is prepared with aggregates A,B and C in the
proportion A:B:C = 40:50:10. The respective specific gravity of A, B and C and
bitumen are 2.7, 2.8, 3.0 and 1.02. The bitumen content by weight of aggregate is
5%. Determine the maximum theoretical specific gravity, percentage air voids,
voids in mineral aggregates, voids filled with bitumen given that the specimen
weighs 1251.5g in air and 720.6g in water.

Specific gravity of the mix =
𝐺

𝑚
= 1251.5

1251.5−720.6 = 2. 36

Mass of aggregate in the mix = 1251.5
1+0.05 = 1191. 9 𝑔

Mass of A = 40×1191.9
100 = 476. 76 𝑔

Mass of B = 50×1191.9
100 = 595. 95 𝑔

Mass of C = 10×1191.9
100 = 119. 19 𝑔

Mass of bitumen =1251.5-1191.9 = 59.6 g
Theoretical specific gravity =

𝐺
𝑡

= 1251.5
476.76

2.7 + 595.95
2.8 + 119.19

3 + 59.6
1.02

= 2. 57
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Theoretical density = 𝐺
𝑡
×1 = 2. 57 𝑔/𝑐𝑐 

(ii) % air voids in the total mix

𝑉
𝑣

=
𝐺

𝑡
−𝐺

𝑚

𝐺
𝑡

=  2.57−2.36
2.57 = 8. 17% 

(iii) % volume of bitumen

𝑉
𝑏

=
59.6
1.02

1251.5
2.36

= 11. 02%

(iv) Voids in mineral aggregate, VMA  = 8.17+11.02=19.19%

(v) Voids filled bitumen VFB = *100 / VMA = 57.4 %𝑉
𝑏

6
Explain with sketches, the working principle of Power shovel, Drag line and
Clamshell. Discuss its applications.
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