
Journal of the Korean Crystal Growth and Crystal Technology
Vol. 15, No. 1 (2005) 39-44

A comparison of fracture rate of artificial light-weight aggregates by various
drying, breaking, and forming methods
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Abstract A sheet type of green body was made with the mixture of 60 wt% red clay, 20 wt% fly ash, and 20 wt% stone
sludge. Indentations were made on the surfaces of sheets to investigate fracture rate of 1 to 5 mm artificial light-weight
aggregates by various drying, breaking, and forming methods. Drying methods of green bodies were natural, electric oven,
microwave, and fast drying by torch. Breaking methods of green bodies were ballmill I, ballmill II, free dropping in the
box, and mechanical breaking with roller mill. The depth and width of indent on the surface of the sheet were varied and
the thickness of green bodies was also changed to investigate effects of indentation on fracture rates. The highest fracture
rate of 42 % among the various drying methods was obtained by microwave drying for 210 sec and the highest fracture
rate of 65 % among the various breaking method was obtained by ballmill II method. In forming method, an yield of
larger aggregates than Φ = 5 mm decreased and that of smaller aggregates than Φ = 5 mm in creased with increasing depth
of indentation (only in 3 mm thick green body)and with increasing thickness of green body. The size of aggregates was
most homogeneous (by judging from the measurement of aspect ratio of 1 to 5 mm aggregates.) when 3 mm thick green
body was rapidly dried by torch and was broken by ballmill II method.
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� � ��� 60 wt%, ��� 20 wt%, ���� 20 wt%� ���� ��� sheet ��� ��� ���(indent)� �
� ����, ����, ����� ���� 1~5 mm ��� ���� �����. ��� ��� � ��� �����
����, �����, ����	��(microwave)��, ����� ���� ���� ���, ����
 �� I ��, �
� II ��, ����, ��� ��(�����)��� ��� ���. ����
 ���� ��� ��� ������ �
�� ��� ��� ���� �����. ����� �� ���� ��� 210��� ���� ����	�����
� 42 %�, ������� �� II ���� � 65 %� �� �
 ���� ���, ������� ���� ��� �
����(3 mm� �����), ��� ��� ����� ��� Φ = 5 mm�� � ��� ��
 ���� Φ = 5 mm �
�� ��� ��
 ����. ��� �� � �� � 1~5 mm ��� aspect ratio� ���� �� 3 mm ��� ���
������ �� ���� �� II�� ��� �� � 	� �� �
� ��� ���� �� ���� � � ���.

1. � �

��� ��� ����� ���� ���� ���

�� ���� ��, ��, �� �� �� ��� ��

� ���� �	�, ��� ��� ��� ��� ��

� �� ����(�� 2.2 ��), 
���, ����(�

� 4.0 ��)� ���� �� ������� ���

��� ��� ���� 5 mm ���� �� ���

5~25 mm��[1, 2]. ���� ���� ��� �� �

�� �� ��� ��� �� ���, ���� ���

� 
	�, ����� 	�� �� ��� �� ���

���� ��� ����� ���� 
� 
�. ��
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� ����� 
� 
� ��� ��� ���� ��

� �� ��� ��� ���� ��� ��� �� 	

�� ��� �� ����� ��� ����� ���

�� ����� ���� 
�[1, 3-9].

����� ��, ���, �� �� �� �����

�� ����, ����, ���, ��� �� ����

� ���� ������� 
�[2]. ������� �

��� ��, 	�� ��� �� �� 	�� ����

���� ����� ���� �� ��� �����

��, ����� ��� ��� ��� �� ��� 


��� 
�. ������� ��� ���� ���

�� �	� ���� 
	� ���� 800oC~1300oC

���� ���� ���� ��� �� �	�� ��

����� ���� �� �	��� ��� �� ��

�� � ��� 	
� ���� ��� ���� 
�

[1, 2]. ������� 
� ��� ������ ���

����� ���� ����� �	� ����, ��

����� ��� �� ����� ���� �� ��

��� �� ��� �� ��	� �� ���� ��

� ���� ���� 
� 	� ����[2]. ���

��� �� 
� ���� ������ ��� ���

� 
	� ����� ���� ��
	�, 
� ��

��� ������ ���� ����� ���� 


��, ASEM �� �� 
� ����� ��� ���

�� ����� ���� � �� ��� ���� 


� ����. ��� ����� ���	� �����

�� � ���� ����� �� ����� �� �

�� ����, �
 ��?�� ���� �� �� �

���� �� ���� �� ��� ���� 
� �

���� �� �� ��� ��� ���� 
�[2].

��� ���� ���� ��� ��� 
� sheet �

�� ��� ��� ����, ����, ����� �

� ���� ��� �� ��� ����	� ����

�����, � ����� ������� 	��� �

�� �� ����, ���� ��� ����� ��

��� ���� ���� 1~5 mm ��� ��� ��

� �� �	, ��� �	�� ������ ��� �

�� �� ��� ����� ����� �
�.

2. �� ��

2.1. Sheet �� ��� ��

���(S�) 60 wt%, ����(��� ��� ��)

20 wt%, ���(S�����) 20 wt%� �(�����

20 %)� �� ����. ��� ��� 5��� ���

���� 6 cm�20 cm�3 cm ��� ���� Φ16 cm

�65 cm ��� ��� �� 		���� �
� ��

� ��� ��� ���
�� 13 cm�22 cm ���

��
 ����, �� � sheet �� Fig. 1� �� �

��(indent)� ��.

��� ���� sheet �	� ��� ��� ���

��	� ��� � ��� � 
� ����� ���

�, sheet �� ���� ��(crack)� ��(initiation)�

� ���� �� ������ 1~5 mm ��� �
�

���� ��� ���� ��� ��� ���� �

��.

2.2. �� �� � ��� �	

��� sheet ��� ��� �� ����, ����

�, �������(microwave)��, ����� ���

� �����. ����� ��� �� �� 3
, 6
,

10
, 14
� ���� �
�
�� ��� ��
��

18~19oC, ��
�� 14~15oC ��
�, ��� ���

� 100oC� 
��� 24�� ���
�. ������

� ���� 680 W�200 V� ���� 30� ��	�

30~300��� ���� �� ���, ������ ��

� ���� 10�� ��� ���
�. � ���� �

� ���� ���� ��� 90 % ����	� ��

����� ���� �� 120� �� ����� ��

� 80 % ��� ���� �
�.

��� ���� �	 I, �	 II, ��, ��	� ��

	� ���
 �
�. ��� �	����
� ��

24 cm, �� 19 cm� ��� ��� �	��� ���

� �� �� 1��� �� ��� ���� �	��

	� �� �� ��� �
 � ��	�� 90 rpm�

��� 30� �
 ���� �����, �	 II ���


� Fig. 2� �� �	��� ��� �� �� �	

��� ���
�� 18 cm�5 cm� ��� ��� 2�

Fig. 1. Indent on the sheet.
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�	�� �� ��, ��� ���� �����. ��

�� ���
� ���
����� 20 cm�10 cm�

5 cm� 
� 
���� ��� ��� �� ���

0.6 m�� 1.8 m�� 0.3 m ��	� ������ ��

�� ���
�, ��	 ���� Φ40 cm�90 cm�

��� 3 mm ��	� 2� �	 � 5.5 kW� ��	

��� ���� ��� ��� 	�� � � ��� �

�� �� ����� ��	� �����.

��� ���	� �� � ��� 4
�(No. 3.5, 12,

18, 40)� �(sieve)� ������, � � No. 3.5(��

5.6 mm)�� No. 12(��1.7 mm)�� ��� ���

��� ��� Φ = 4 mm ��� ���� ���
�.

��� �� aspect ratio� � ��� �� 	 	��

�� �� 	�� �
� �����(image analyzer)�

��� � 5�� ��� �� ��
�.

3. ���� � ��

3.1. ����� �� 1~5 mm �� ���

����� �� �� ���� �
��� ����

�	 I	� ���� �
�
�, � ��� Table 1�

�� ����. ������ ��� ��, ��
� �

�� �� � ���� ���, ����� ��� ��

� 7.16 %, 9.55 %� ����� 2~5 % ��� ��


 �� ���� �
�. �� �����������

� ��� �
�� ���� 	���� ���� 210

�� ��� ���� 42.10 %� �� ��� � ��

�� ���� �
�. �� �� ��� ��� ��


� ��� ��� ���� ��� 	�� 
� � 
�

� ��� 	�
� 
�.

3.2. ����� �� 1~5 mm �� ���

����� �� �� ���� �
��� �����

��� ��� ���� �
�
�. � ��� Table 2�

� � � 
�� �	 II ��� 65.33%� �� �� �

��� �
�, �	 I ����� �� ��� ���

� ��� �
�. ��	 ��� ���� �� 40.99 %

� �	 II �� ��� �� ���� �
	�, ��

����� ����� ����
 ���� �� ��


	� �� ��� ����
 ��� 
��� ��

� � 
�� ��� ����� ����
 ����

�� 
 
� �	�� �� �� 1 mm ��� 
��

� 
� ���� 1~5 mm ��� ��� 
�� �	

� ����. ��� 1~5 mm ��� �� �� ���

��� ���� ���� �	 ���� ��� �	

II ���� �� ��	� �
	� ��� � 
�.

3.3. ����� �� 1~5 mm �� ���

��� ���� � ��� 
�� ��, �� ���

��� �� ���� ���� �� ���� ���

��, ���� ��	 ��� ���� �
�
�. �

�� ���� ���� ��� ��� � ��� ��

Fig. 2. Ballmill with two blades inside; (a) perspective view
(b) cross-sectional view.

Table 1
Fracture rate (%) of 1~5 mm aggregates with drying method

Drying Natural drying Fast Oven Microwave drying

method [Day] [Indoor] [Outdoor] drying drying [sec] [rate]

Fracture 3 5.38 4.12 7.16 9.55 3 0.65
rate (%) 60 0.097

90 1.89
6 2.84 3.22 120 2.67

150 26.75
10 2.20 4.27 180 21.04

210 42.10
14 4.65 4.21 240 24.94

270 16.51
300 18.80

Table 2
Fracture rate (%) of 1~5 mm aggregates with breaking method

Ball mill I 5.38
Ball mill II 65.33
Roller mill 40.99

Drops 0.6 (m) [3 times] 16.98
[5 times] -

0.9 (m) [3 times] 18.11
[5 times] -

1.2 (m) [3 times] 24.52
[5 times] -

1.5 (m) [3 times] 28.28
[5 times] 26.35

1.8 (m) [3 times] 35.43
[5 times] 32.02
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���� ���� �� ����� ���� ����.

Fig. 3� ��� �� 3 mm, 6 mm, 10 mm� ���

��� 
�� �� ��� 0 %~� 67 %�� ����

� ���� ��� 4 mm� 20 mm� ����� ��

�� ���� ��	 ��	�� Fig. 3(a)� �� 3

mm ��� ��� ��� 
�� 
���
 5 mm�

� � ��� ��� 
��� 5 mm �� ��� ��

� ���� �
� ��� �� � � 
�, ��� �

�� �� 
�� 
��
 1~5 mm ��� ��� �

�� ���� �� � � 
�. Fig. 3(b)� Fig. 3(c)�

6 mm� 10 mm ��� ����� ��� 
� ���

�� ��� �� ��	� ���� 
�� �� 
�

	�� �� ��� 
����. ��� 
���� �

� � ��� ��� 	� ��� ��	 �� �, ���

3 mm� ��� ����� ������ ��� ���

6 mm ��� 10 mm ��� ��� � ��� 3 mm

��� ��� � �	� ��� �� �� � 
� �

�� ��(crack)� ��(initiation)� ��(propagation)

� ��� ���� �	� ����. ��� �� ��

�� ��� ��� ��� ���� ��� ��� �

� ���� 
�� � ��� ��� ���� 
� �

��� �� ��� ��� ��� ��� ��� ��

	� �� ��� ��� �� ��� � 
�� ���

�� � 
��.

Fig. 4� ��� 
�� �� 0 mm, 1 mm, 2 mm 


� ��� ��� �� �� ���� ��	 ��	�

� ��� ��� ��� ��
 5 mm�� � ���

��� 
��� 5 mm �� ��� ��� ����

��� ���. ��� Fig. 3(b)� Fig. 3(c)�� ��

2� ��	 � 5 mm�� � ��� ��	� �� ��

�� ��� �� ��� ���� �� ���� � �

� 
��, ��� ���� 
 ��� ��� �� �

Fig. 3. Fracture rate with depth of indent (a) sheet of 3mm thickness, (b) sheet of 6 mm thickness, (c) sheet of 10mm thickness;
a: > 5 mm aggregates with 4 mm indent width, b: > 5 mm aggregates with 20 mm indent width, c: 1~5 mm aggregates with 4 mm
indent width, d: 1~5 mm aggregates with 20 mm indent width, e: < 1 mm aggregates with 4 mm indent width, f: < 1 mm aggregates

with 20 mm indent width.

Fig. 4. Fracture rate with thickness of sheet (a) indent depth 0 mm, (b) indent depth 1 mm, (c) indent depth 2 mm; a: > 5 mm aggre-
gates, b: < 1 mm aggregates, c: 1~5 mm aggregates, d: > 5 mm aggregates with 4 mm indent width, e: > 5 mm aggregates with
20 mm indent width, f: 1~5 mm aggregates with 4 mm indent width, g: 1~5 mm aggregates with 20 mm indent width, h: < 1 mm

aggregates with 4 mm indent width, i: < 1 mm aggregates with 20 mm indent width.
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�� ���� � �, ��� ���� ��� ���


�� 
�� ���� ����� ���� ��
� �

�	� �� � ���� ���� ���� ����

�� ��� �� 5 mm �� ��� ��� ����

�	� ����. �� 3 mm ��� ���� ����

�� ��� ��� 	� ��� �� ��� ����

�� �� � � 
	�� ��� ��� ��� ��

��� ���� �� ��� ��� ���� ����


�� ��� � ��� ��� ��� ��� ���

� � � 
� �� ��� �� ���� 
� ��

1~5 mm �� ��� ���� � 
�� ��� ��

� 
��.

3.4. 1~5 mm ��� aspect ratio �	

� �
� �� �	 ��	� �
�� � 1~5 mm

��� �� �
� ��	� �� ���� ����

�� ����, ����, ��� �� �� 1~5 mm �

�� 5�� �� aspect ratio� ��� � ���� �

�� ���. ��, ����� �� 1~5 mm ���

aspect ratio� ���� 1.14, ��� �� 1.16, ���

������ 1.17, ���� 1.24, ���� 1.29��

����� aspect ratio� �� �� �	� �� ��

� ���� ��� ����� ���� �
� ��

�� ��� �� ���� ��� ��� ���� �


�� �� � �� � � 
��. ����� ��

1~5 mm ��� aspect ratio� �	 II �� 1.16, ��

�� 1.30, �	��� 1.31, ��	�� 1.45�� �	

II ��� ��� ��� �	��
� �� ��� �

��� ���	� ����
� 	�� 
� ��� �

� ����� �
�� �� � �	� ����. ��

� ��	��� ��� ���� ��� ��� ��

���� �� �� �� � ���� ����� ��

��� �� � ��� ��� �
�� 	� aspect

ratio� �� � �� ���� �	� ����.

Table 3
Aspect ratio with drying method

Number of sample 1 2 3 4 5 average standard deviation

Natural drying [Indoor] 1.29 1.24 1.32 1.23 1.12 1.24 0.068
[Outdoor] 1.06 1.05 1.22 1.65 1.47 1.29 0.236

Fast drying 1.17 1.06 1.25 1.11 1.11 1.14 0.065
Oven drying 1.11 1.10 1.06 1.36 1.15 1.16 0.106
Microwave drying 1.13 1.06 1.18 1.19 1.30 1.17 0.079

Table 4
Aspect ratio with breaking method

Number
of sample 1 2 3 4 5 average standard

deviation

Ball mill I 1.14 1.47 1.21 1.59 1.12 1.31 0.189
Ball mill II 1.15 1.28 1.09 1.10 1.18 1.16 0.068
Roller mill 1.05 1.19 1.93 1.23 1.86 1.45 0.367
Drops 1.33 1.50 1.17 1.37 1.11 1.30 0.141

Table 5
Aspect ratio with thickness of sheet

Number
of sample 1 2 3 4 5 average standard

deviation

3 mm 1.37 1.40 1.33 1.29 1.37 1.35 0.038
6 mm 1.32 1.56 1.44 1.28 1.21 1.36 0.124
10 mm 1.56 1.48 1.58 1.29 1.45 1.47 0.103

Fig. 5. 1~5 mm aggregates fractured from; (a) 3 mm thickness sheet, (b) 6 mm thickness sheet, (c) 10 mm thickness sheet.
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����� �� aspect ratio� 3 mm ��� ���

1.35, 6 mm ��� 1.36, 10 mm ��� 1.47�� Fig.

5� (a)� (b)��� � � 
�� 3 mm ��� � �

�� ���� ����� �� �
�� �� � ��

6 mm ��� ��
�� ��� ��	� ��� ��

� � 
�. ��� ���� �� ��� ��� ��

� ��
 ��� ����� �� ��� � �� 	�

�� ��� ���� �� �� �� �� 	� ���

aspect ratio� ���� �� � �� 
�. ���� �

�
� �� �����, �	 II ���, 3 mm ��

sheet� ��� �� �
� ��� ��� �� � 


�� � � 
��.

4. � �

������� ���� ��� �� sheet ���

��� ��� � ���, ���, ���� �� ���

� ��� � �� ��� �	 ��� ���.

1) ���� ������� 
���, �����, �

������(microwave)��, ���� ��� ���

������� ��� �
�� ���� �����

���� 210�� ���� 42.10 %� �� �	 ��

�� ���.

2) ���� ������� �� I, �� II, ����,

��� �� ��� �� II ��� 65.33 %� �� �	

���� ���. �� 1~5 mm ��� �� �� ��

� ��� ���� ���� �� ���� ��� �

� II ���� �� ���� ���� ��� � ��.

3) ��� ����� �� 1~5 mm �� ���� �

��� �� ���(indent)� ��� ��, �� ���

���� ��� �� ��� ��� �	��� ��

3 mm ��� 5 mm �� ��� ��	 �� ����

� 6 mm� 10 mm ��� ����� ��� ���

�� ��� ��� 	� 
� 
�� �� ���� �

� � ��� �� ��� ��� ��� ��� ���

���� �� ��� ��� �� ����� ���

�� � ���. �� ��� ��� ��� ���

5 mm�� � ��� ��	 ���� 5 mm �� ��

� ��	 ���� ��� ����� ��� ���

���� �� ����� ���� �� ��� ���

���� ���� ��� ��	 � ��� 
�� �

�� ��(crack)� ��(initiation)�� � � �� ��

��� �	 ���� �� 
� 1~5 mm �� ���

���� � ��� ��� �� � ���.

4) ����, ����, ��� �� �� 1~5 mm �

�� aspect ratio� ��� ��, ����� ����

����� ��� aspect ratio� 1.14� �� ���,

����� ���� �� II ��� 1.16�� �� ��

��, ��� ��� ���� ��� ��� �� 3 mm

��� ��� 1.35� �� ���.

��� �

� ��� �
�����	�����
�� ���

(2D-A-1-1) �
�� ������, �� ������.

� � � �
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