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CAC406 (Cu-5wit%Sn-5wt%Zn-5wt%Pb) has been commonly used for water supply
equipments but the WHO guideline on lead dissolution in tap water which is less than or equal to
0.0l mg L" must be satisfied. Substitution of lead in CAC406 is categorized into two ways; one is
bismuth or bismuth-selenium bronze (lead free bronze) and the other is Si brass.

This research studied structure-properties relation, machinability and melt quality of lead
free copper alloys comparing with CAC406. High temperature tensile testing at high strain rate
(1/5) was carried out to simulate machinability. It was found that tensile strength and elongation
of lead free bronze alloys were decreased sharply when the temperature was increased to above
100 °C. This demonstrates the poorer machinability when machining load is applied at the work
piece. For Si brass, although the tensile strength at high temperature is rather high but the
machinability is inferior to CAC406.

Deoxidation process by copper-phosphorus alloy, which determines the melt quality in
clean melt, is vital in the casting process of copper alloys. The capability to evaluate phosphorus
content through cooling curve method was investigated for on-site testing during deoxidation
process. Phosphorus content can be evaluated by considering the decrease in the liquidus

temperature when the phosphorus content is increased.
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Alloys
Cu Sn Zn Bi Se Pb Sb Si P
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Keepalloy | 84-89 | 3.5-6 4-9 0.8-2.5 | 0.1-0.95 <0.2

Safe-alloy | 85-89 4-6 4-7 1.5-3 0.1-0.3 <0.25 <0.2

Ecobrass 74-78 Rem. <0.1 2.7-3.4 | 0.05-0.2
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Alloy Classification According to JIS-H5120

Classification Symbol Alloy series Characteristics
Copper casting CAC100 Cu Good electric and heat conductivities.
Brass casting CAC200 Cu-Zn Good solderability. Good castability.

Cu-Zn-Mn-Fe-Al | High strength and high hardness.
High strength brass casting CAC300 | Cu-Zn-Al-Mn-Fe | Good wear resistance.

Good corrosion resistance.

Cu-Sn-Zn-Pb Pressure tightness, wear resistance, corrosion
Bronze casting CAC400 Cu-Sn-Zn resistance, machinability and castability are
Cu-Zn-Pb-Sn good.

Cu-Sn-P Good corrosion resistance. Good wear
Phosphorus bronze casting CAC500
resistance.

Good pressure tightness. Good wear
Leaded bronze casting CAC600 Cu-Sn-Pb
resistance. Good mate.

Cu-Al-Fe High strength & high ductility.
Aluminum bronze casting CAC700 | Cu-Al-Fe-Ni-Mn | Good corrosion resistance.
Cu-Al-Mn-Fe-Ni | Good wear resistance.

Silzin bronze casting CACS800 Cu-Si-Zn Good corrosion resistance. Good castability.
Bismuth & Bismuth- Selenium Cu-Sn-Zn-Bi Little lead dissolution into water.
CAC900
bronze casting Cu-Sn-Zn-Bi-Se | Good corrosion resistance.
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M99 2.1 uaassznnvesusoudaynamansaznsii ldldau [10]

Composition (%)

Typical mechanical properties

0.2%
Tensile
Relevant Other Condition Proof Elongation | Hardness Characteristics and uses
Cu Sn | P | Zn Strength
stress
specification elements N/mm2 N/mm2 (%) (VPN)
- 95.5 3 - 1.5 - Annealed 120 324 65 60 Coinage Bronze. Used for British copper coinage
Hard 600 726 5 200
BS 2870: 96 3.8 0.1 - - Annealed 150 340 65 65 Low-tin Bronze. Used where good elastic properties
PB102 Hard 620 741 15 210 combined with resistance to corrosion and corrosion
fatigue are necessary. Widely used as springs and
instrument parts.
BS 2870/4: 94 551 0.1 - - Annealed 150 355 65 65 Drawn Phosphor-bronze. General uesd in the
PB102 Hard 620 695 15 180 work-hardened condition. Used for engineering
components subjected to friction. Also for stream-turbine
blading and other corrosion-resisting applicants.
BS 1400: Rem. 10 | 0.1 - - Sand-cast 140 278 15 90 Cast Phosphorus-bronze. A suitable alloy for general
CT1/B sand-castings. With phosphorus raised to 0.5% (BSS

1400/PB1/C) the alloy is a standard phosphorus-bronze
for bearings. It is often supplied as cast sticks for turning

small bearings, etc.
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Composition (%)

Typical mechanical properties

0.2% Proof Tensile
Relevant Other Condition Elongation | Hardness Characteristics and uses
Cu Sn P Zn stress Strength
specification elements N/mm2 N/mm2 (%) (VPN)
Up High-tin Bronzes. Used for berarings subjected to
- Rem. | 18 - - Sand-cast 154 170 2 -
to heavy composition loads-bridge and turntable
1 bearings, etc.
BS 1400: 88 10 - 2 - Sand-cast 140 293 16 85 Admiralty Gunmetal. Widely used for pumps, valves
GI/C and miscellaneous castings, particularly for marine
purposes because of its corrosion-resistance. Also
used for statuary because of good casting properties.
BS 1400: 85 5 - 5 Pb5 Sand-cast 110 216 13 65 85-5-5-5 Leaded Gunmetal or Red Brass. Often used
LG2/A as a substitute for Admiralty gunmetal and also where
pressure tightness is required.
Useful where lubrication is likely to fail. Also in aero
BS 1400: Rem. | 5 - 0.5 Pb 20 Sand-cast 80 175 8 65
and automobile construction. For carrying heavy loads
LB5/B Chill-cast 95 200 8 70 a steel




MU 2.1 LHUNNANAATEHINNDIAITUAYN [11]

a dendrite

; Eutectoid structure
_f'm5+a

Shrinkage cavity

mwi 2.2 Tnseadganinves Tanznause I aNonas-10%a1n

ANINNIHAINITHAD (As-cast) [7]
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2.3 NOAIHAB4 (Brasses) [6,7,8]
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2.4 TatizHaNIZHINNOWA-AYN-§InT (Copper-Tin-Zinc Alloys) [7.9]
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MNN 2.5 LHUYTANAAAINTINTEHINNDIA-TINSF-AYN [9]

2.5 JareNanszHINaNeA-Azm (Copper-Lead Alloys) [9]
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1 < P ]
NUoUNMAVDIUUIVBINLNIDIA NV INTUYDI Tati [7]
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Sample Chemical composition (wt. %)
Condition
No. Cu Sn Zn Pb Bi P

Before Deoxidation 1 88.15 4.58 522  0.041 1.70  0.0000
Just Deoxidation 2 88.01 4.64 523 0.042 1.76 0.0029
After Deoxidation 5 min. 3 88.11 4.59 522 0.041 1.73  0.0005
After Deoxidation 10 min. 4 87.99 4.63 524 0.042 1.79  0.0000
After Deoxidation 20 min. 5 87.98 4.60 522 0.043 1.77  0.0000
After Deoxidation 30 min. 6 87.87 4.67 517 0.044 1.86 0.0000
Over Deoxidation 7 88.21 4.56 501 0.042 180 0.0754
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4.4.1.3 auUAFING
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Sample | Tensile strength Elongation
Condition Hardness (HB)
No. (MPa) (%)

Before Deoxidation 1 161 8.5 74
Just Deoxidation 2 182 12 74
After Deoxidation 5 min. 3 171 13.5 70
After Deoxidation 10 min. 4 149 9 74
After Deoxidation 20 min. 5 143 8 77
After Deoxidation 30 min. 6 162 8 75
Over Deoxidation 7 195 13.5 76
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Mechanical properties of CAC902
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Sample Chemical composition (wt. %)
Condition
No. Cu Sn Zn Pb Bi |
Before Deoxidation 1 84.057 4761 5413 5.012 0.007 <0.002
Just Deoxidation 2 85.296 4315 5.124 4.600 <0.003 0.012
After Deoxidation 5 min. 3 85.184 4372 5.118 4.591 0.004 0.010
After Deoxidation 10 min. 4 85.260 4340 5.088 4.598 <0.003 0.007
After Deoxidation 20 min. 5 85.603 4.235 4900 4.554 <0.003 0.004
Over Deoxidation 6 85.320 4.361 4.930 4.649 <0.003 0.014
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Sample Chemical composition (wt. % )
Condition
No. Cu Sn Zn Pb Bi P

Before Deoxidation 1 88.009 5344 3.414 2443 0.070 <0.002
Just Deoxidation 2 88.717 5.445 3.175 2519 0.072 0.021
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a Yo = -1
gaurgiiang laglionsianunsun 1s

a Y U A qya v o
1. ‘lfH\ﬂuiﬁ‘ﬁgWﬁN‘ni’)Q!!ﬂﬂl‘lﬁﬂxﬂ? ‘U‘Hﬂ‘l“lfﬂﬁﬂﬂ'ﬂﬂ!!ﬂuﬂgﬂ?

1.1 nay Al

Y
FUNY AL, QAN 50 °C

Load-Displacement

Load (kN)

0 1 2 3 4 5 6 7
Displacement (mm)

UMY AL, QUNYH 100 °C

Load-Displacement

(%) o ~ ©
L L L L

Load (kN)

IS
L

0 0.5 1 15 2 25 3 35 4
Displacement (mm)

45



FUNY A1, QU 125 °C

Load-Displacement

Load (kN)

92

Displacement (mm)

FUNY A1, QU 150 °C

Load-Displacement

Load (kN)
. N
[$)] n (6]

—_
I

0.5 -

0 0.5 1 1.5 2
Displacement (mm)

25



FUNIY A1, QU 200 °C

Load (kN)

Load (kN)

3.5 4

w
I

et
3
.

N
I

—_
[&]
I

e
I

0.5 1

3.5

Load-Displacement

93

0 0.5 1 1.5 2 25
Displacement (mm)
Y
a a o
FUITU Al, uUNU 300 C
Load-Displacement
3 4
2.5 4
2 4
1.5
1 4
0.5
o i
0 0.5 1 1.5 2 25

Displacement (mm)



FUNY A1, QU 400 °C

Load-Displacement

94

254

Load (kN)
P

0.5 4
0 ‘ : : — v
0 0.2 0.4 0.6 0.8 1 1.2
Displacement (mm)
Y
a ) o
FUITU Al, U 500 C
Load-Displacement
1.2
1 -
0.8
3
S
o 0.6 -
©
-]
-
0.4
0.2
0 T T T T T T T T
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

displacement (mm)

Y v o ' o 1 Qy
ﬂTWﬁ 1.1 UFAINNUTUNUTILH I Load NU Displacement UDINYUBUIIU Al

Tuaggungil 50 °C, 100 °C, 125 °C, 150 °C, 200 °C, 300 °C, 400 °C uaz 500 °C



1.2 nay A2

Y
FUNY A2, 9UNI 50 °C

Load (kN)
(-]

Load (kN)

Load-Displacement

6 8 10 12 14
Displacement (mm)

Load-Displacement

4 5 6 7 8 9
Displacement (mm)



FUNY A2, QU 125 °C

Load-Displacement

96

Load (kN)
w

BUNU A2, gUNYI 150 °C

0.6

0.8 1
Displacement (mm)

Load-Displacement

1.2

1.6

Load (kN)
w

1.5
Displacement (mm)

25



FUNY A2, QU 200 °C

Load-Displacement

97

Load (kN)
w

0 —t— T T T
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Displacement (mm)

BUNU A2, gUNYI 250 °C

Load-Displacement

Load (kN)

0 T T T T T T T
0 0.2 0.4 0.6 0.8 1 1.2 1.4

Displacement (mm)
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FUNY A2, QU 300 °C

Load-Displacement

Load (kN)

0 - T
0 0.5 1 15 2 2.5 3

Displacement (mm)

FUNY A2, QU 400 °C

Load-Displacement

3.5

254

Load (kN)
N

o
|

0.5

0 T T T T T
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2

Displacement (mm)



FUNY A2, QU 500 °C

Load-Displacement

Load (kN)
5

o
@
L

0.4

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8
Displacement (mm)

4 v o J ' @ 1 Qy
M 0.2 BAAIANUANNUTIEHIN Load NU Displacement YDINYUTUINU A2

Tuaragargil 50 °C, 100 °C, 125 °C, 150 °C, 200 °C, 250 °C, 300 °C, 400 °C 1ag 500 °C

1.3 nay A3

Y
FUNY A3, QAN 50 °C

Load-Displacement

Load (kN)

0 2 4 6 8 10
Displacement (mm)



FUNY A3, QU 100 °C

100

Load-Displacement

Load (kN)
3

BUNU A3, QUNYI 125 °C

4 5 6 7 8 9

Disp;acement (mm)

Load-Displacement

Load (kN)

s 9000 ., 044040400

0.02 0.22

0.42

0.62 0.82 1.02 1.22 1.42

Displacement (mm)




FUNIY A3, QU 150 °C

Load-Displacement

101

251

Load (kN)

FUNY A3, QU 200 °C

1 1.2
Displacement (mm)

Load-Displacement

22

251

Load (kN)

0 0.2 0.4

0.6

0.8 1
Displacement (mm)
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FUNY A3, QU 250 °C

Load-Displacement

251

Load (kN)

0 T T T T T T T T T
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Displacement (mm)

U A3, gUNYI 300 °C

Load-Displacement

3.5

251

Load (kN)
n

2]
|

0.5

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Displacement (mm)
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FUNY A3, QU 400 °C

Load-Displacement

251

Load (kN)
&

0.5

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Displacement (mm)

U A3, gUNYI 500 °C

Load-Displacement

0.8

0.7 q

0.6 q

0.5

Load (kN)
o
=

0.3

0.2

0.1

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2
Displacement (mm)

4 v o J ' @ 1 Qy
M 0.3 LAAIANUANNUTIEHIN Load NV Displacement YOINQUBTUITU A3

Tuaegangil 50 °C, 100 °C, 125 °C, 150 °C, 200 °C, 300 °C, 400 °C t1ag 500°C



1.4 nay Ad

Y
FUNY A4, QAN 50 °C

Load-Displacement

104

Load (kN)

1.5
Temperature (c)

Load_displacement

Load (kN)
(4]

1.5

2 25
Displacement (mm)

4.5



FUNY A4, QU 125 °C

Load-Displacement

105

251

Load (kN)

BUNU A4, QUNYI 150 °C

0.8 1
Displacement (mm)

Load-Displacement (mm)

1.2

1.4

251

Load (kN)

1.5 2
Displacement (mm)

w

3.5



FUNY A4, QU 200 °C

Load (kN)

Load-Displacement

106

251

900000000 00,0,

BUNU A4, QUNYI 250 °C

Load (kN)

1 15
Displacement (mm)

Load-Displacement

00000009, 400, S0te00.

2

25

3.5

251

0.5 q

0.6
Displacement (mm)



FUNY A4, QUNYI 300°C

Load-Displacement

107

3.51

Load (kN)
N
n (¢, w

3
|

0+—— —— : : : :

0 0.2 0.4 0.6 0.8 1
Displacement (mm)

U A4, gUNYI 400 °C

Load-Displacement

3.5

251

Load (kN)
n

2]
|

0.5

0 T T T T
0 0.1 0.2 0.3 0.4

Displacement (mm)

0.5

0.6

0.7

0.8



FUNY A4, QU 500 °C

Load (kN)

0.8 1

0.6 1

0.4

0.2 1

Load-Displacement

108

I I I I I I
t t t t t t t
0.2 0.4 0.6 08 1 1.2 1.4

Displacement (mm)

Y v o ' o 1 Qy
ﬂTWﬁ .4 UFAINNUTUNUTIZH I Load NU Displacement YDINYUBUIIU A4

Tuaggungil 50 °C, 100 °C, 125 °C, 150 °C, 200 °C, 250 °C, 300 °C, 400 °C tag 500 °C

a Y W 1 Q¥a o A A o
2. %H31uiﬁﬂgwaﬂﬂﬁﬂllﬂqmliﬂZﬂ'z] ﬂqaﬂ“ﬂﬂﬁuﬂ-‘”ﬁ!uﬂu‘ﬂﬂ!!‘ﬂuﬂzﬂ?

2.1 nay BSI

U BS1, Ui 50 °C

Load (kN)

Load-Displacement

1 2 3 4 5
Displacement (mm)
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Y BS1, QUi 100 °C

Load-Displacement

Load (kN)

0 1 2 3 4 5 6 7 8
Displacement (mm)

UMY BS1, QN 125 °C

Load-Displacement

Load (kN)
w

0-0-06
Q

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Displacement (mm)
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Y BS1, QU 150 °C

Load-Displacement

Load (kN)

0 T T T T T T T T 7
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Displacement (mm)

Y BS1, QU 200 °C

Load-Displacement

25

Load (kN)

0 T T T T T T T T T
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Displacement (mm)



Y BS1, QU 250 °C

Load (kN)

Y BS1, QU 300 °C

Load (kN)

Load-Displacement

111

3.5

25

N

0.5

Displacement (mm)

Load-Displacement

4
o

=4
o

0.4

0.2

0.2

0.4

0.6

0.8

1
Displacement (mm)



Y BS1, QU 400 °C

Load-Dispalcement

112

2.5

3

Load (kN)

0.5

U BS1, gungil 500 °C

0.6 0.8 1 1.2 1.4
Displacement (mm)

Load-Displacement

0.8

Load (kN)
o
(=2}

0.4

0.2

0.6 0.8 1 1.2 1.4
Displacement (mm)

v Y
MW 0.5 1AAIAUAUIUT L1 Load f1U Displacement Y9InguFLIIM BSI

Tuaragargll 50 °C, 100 °C, 125 °C, 150 °C, 200 °C, 300 °C, 400 °C 1ag 500 °C



113

2.2 Nay BS2

Y BS2, Ui 50 °C

Load-Displacement

Load (kN)
o

Displacement (mm)

Y BS2, QU 100 °C

Load-Displacement

P i

Load (kN)

0 0.5 1 1.5 2 25 3 3.5 4 4.5
Displacement (mm)
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Y BS2, QU 125 °C

Load-Displacement

251

Load (kN)

0 T T T T T T T T T
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Displacement (mm)

UMY BS2, gUNYH 150 °C

Load-Displacement

2.5

Load (kN)

0 T T T T T T T
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

Displacement (mm)



Y BS2, QU 200 °C

Load (kN)

Load-Displacement

115

3.5

N
o
L

N
L

n
\

0.5 -

0.2 0.4 0.6 0.8 1 1.2
Displacement (mm)

FUY BS2, QU 300 °C

Load (kN)

Load-Displacement

3.5

2.5

N
L

»
\

0.5 -

0 0.5 1

1.5 2 25
Displacement (mm)

3.5
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Y BS2, QU 500 °C

Load-Displacement

Load (kN)
o
©

=}
o
L

0.4

0.2

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Displacement (mm)

4 v o J ' @ 1 z:y
M 0.6 LAAINNUANNUTTEHINLoadNUDisplacementUDINGNUBUINU BS2

Tuaggungil 50 °C, 100 °C, 125 °C, 150 °C ,200 °C , 300 °C tiag 500 °C

2.3 nay BS3

U9 BS3, Ui 50 °C

Load-Displacement

Load (KN)

0 1 2 3 4 5 6 7 8 9
Displacement (mm)



117
Y BS3, QU 100 °C

Load-Displacement

Load (kN)

0 T T T T T T T
0 1 2 3 4 5 6 7 8 9

Dispalcement (mm)

U BS3, gungil 200 °C

Load-Dispalcement

Load (kN)
w

Displacement (mm)



118
Y BS3, QU 250 °C

Load-Displacement

Load (kN)
w

0 T T T T T A4
0 1 2 3 4 5 6 7
Displacement (mm)

U BS3, il 300 °C

Load-Displacement

25

Load (kN)
P

0.5 -

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Displacement (mm)
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Y BS3, QU 500 °C

Load-Displacement

Load (kN)
o o
(o>} [e:]

o
~
.

o
)

o

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Displacement (mm)

Y v o J 1 % 1 Qy
ﬂﬂ/‘l‘ﬁ 0.7 UFAIANUTUNUDTILH I Load NV Displacement UDINGUBUITU BS3

Tuaagaungdl 50 °C, 100 °C, 200 °C, 250 °C, 300 °C 1@z 500 °C

3. sunulanzeauneauadlingm nguneurinesianou

3.10qu ClL

Y
U C1, gUUAN 50 °C

Load-Displacement

20

Load (kN)

0 1 2 3 4 5 6
Displacement (mm)
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U C1, gUUAN 100 °C

Load-Displacement

Load (kN)
o

0 1 2 3 4 5 6 7 8 9 10
Displacement (mm)

Load-Displacement

Load (kN)

0 + + + + + + + + + g
0 0.5 1 1.5 2 25 3 35 4 4.5 5

Displacement (mm)




121

U C1, QNN 200 °C

Load-Displacement

Load (kN)
©

S

0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
Displacement (mm)

UMY C1, gungH 250 °C

Load-Displacement

Load (kN)
©

0 +4F t t t t t

0 1 2 3 4 5 6
Displacement (mm)



U C1, QN 300 °C

Load (kN)

U C1, gUUAN 400 °C

Load (kN)

Load-Displacement

122

3
Displacement (mm)

Load-Displacement

0.5

1.5 2 25
Displacement (mm)
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U C1, QNN 500 °C

Load-Displacement

Load (kN)

0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
Displacement (mm)

U C1, QNN 600 °C

Load-Displacement

Load (kN)
£

0 - T T T T T
0 0.5 1 1.5 2 25 3 35 4 4.5

Displacement (mm)
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U C1, guUngi 700 °C

Load-Displacement

Load (kN)

0.5

0 1 2 3 4 5 6 7 8 9 10
Displacement (mm)

Y v o ' o 1 Qy 1
ﬂTWﬁ 1.8 UTAINNUTUNUTIZHIN Load NU Displacement YDINYUBUIIU Cl Tuaq

Mg 50 °C, 100 °C, 150 °C, 200 °C, 250 °C, 300 °C, 400 °C, 500 °C, 600 °C tiag 700°C

3.2 naw C2

k4
FUNY C2, gUNAN 50 °C

Load-Displacement

25

Load (kN)

0 1 2 3 4 5 6
Displacement (mm)
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FUY C2, QUNAN 100 °C

Load-Displacement

20

Load (kN)
I

3

0 1 2 3 4 5 6 7
Displacement (mm)

FUNY C2, gUNAN 200°C

Load-Displacement

20

Load (kN)
©

©

0 1 2 3 4 5 6 7 8

Displacement (mm)
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FUY C2, gUNAN 300 °C

Load-Displacement

Load (kN)
©

0 T T T T T T >
0 0.5 1 15 2 25 3 35

Displacement (mm)

FUNY C2, QUNAN 400 °C

Load-Displacement

Load (kN)

0 & T T T T T T
0 0.5 1 15 2 25 3 35

Displacement (mm)



FUY C2, gUNAN 500 °C

Load (kN)
o

Load (kN)

Load-Displacement

127

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Displacement (mm)
v
a a )
YUTU C2, QUNHN 600 °C
Load-Displacement
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Displacement (mm)
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FUY C2, gUNAN 700 °C

Load-Displacement

Load (kN)
o o
[e2] [e]

o
~
\

0.2

0 2 4 6 8 10 12
Displacement (mm)

Y v o ' o 1 Qy
ﬂTWﬁ 1.9 UFAINNUTUNUTIZHIN Load NU Displacement YDINYUBUIIU C2

Tuaragargil 50 °C, 100 °C, 200 °C, 300 °C, 400 °C, 500 °C, 600 °C 1ag 700 °C

3.3 nay C3

Y
U C3, gUUN 50 °C

Load-Displacement

18

16 -

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
Displacement (mm)



FUY C3, gUNAN 100 °C

Load (kN)

Load (kN)

Load-Displacement

129

2 25 3 3.5

Displacement (mm)

Load-Displacement

2 3 4
Displacement (mm)



130

FUY C3, gUNAN 200 °C

Load-Displacement

Displacement (mm)
©

0 05 1 1.5 2 25 3 35 4 45 5
Load (kN)

U C3, gUUN 250 °C

Load-Displacement

Load (kN)
©

0 0.5 1 15 2 25 3 35 4 45 5
Displacement (mm)



FUY C3, gUNAN 300 °C

Load (kN)

U C3, gUUAN 400 °C

Load (kN)

Load-Displacement

131

0.5

1.5 2 25
Displacement (mm)

Load-Displacement

3.5

0.5

1.5
Displacement (mm)

25
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FUY C3, gUNAN 500 °C

Load-Displacement

Load (kN)

o—o
0 *—o-¢ T T T T T T

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Displacement (mm)

U C3, gUUAN 600 °C

Load-Displacement

Load (kN)

0 0.5 1 1.5 2 25 3 3.5

Displacement (mm)
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FUY C3, gUNAN 700 °C

Load-Displacement

0.8 -

Load (kN)
o
(o>}

o
~
.

0.2

Displacement (mm)

4 v o J 1 @ J g ]
M .10 LAAIANUANNUTIEYIN Load NV Displacement YDINYUBUITU C3clLlGIf’N

ganAN 50 °C, 100 °C, 150 °C, 200 °C, 250 °C, 300 °C, 400 °C, 500 °C, 600 °C tag 700 °C

4. FunulavizNaune A 1NIACAC406

4.1 nqu D1

Y
U9 D1, Uil 50 °C

Load-Displacement

Load (kN)

0 2 4 6 8 10 12

Displacement (mm)



U D1, QU 100 °C

Load (kN)

Load-Displacement

134

2 3 4
Displacement (mm)

LU D1, gUNYI 150 °C

Load (kN)

Load-Dispalcement

1 2 3 4

Displacement (mm)
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U D1, QU 200 °C

Load-Displacement

Load (kN)

0 1 2 3 4 5 6 7 8

Displacement (mm)

Load-Displacement

Load (kN)

1 2 3 4 5 6 7 8

Displacement (mm)
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Y D1, Ui 300 °C

Load-Displacement

Load (kN)

Dispalcement (mm)

Y D1, QU 400 °C

Load-Displacement

Load (kN)

! Mhtaattae st s gl
0 0.5 1 1.5 2 2.5

Displacement (mm)




Y D1, QU 500 °C

Load-Displacement

137

25

Load (kN)
P

05+

0.5

Displacement (mm)

Y v o 1 o 1 Qy
ﬂTWﬁ .11 UEFAIANVTUNUTTEH I Load NU Displacement UDINYUBUIIU D1

Tuaggungil 50 °C, 100 °C, 150°C, 200 °C, 250 °C, 300 °C, 400 °C 118z 500 °C

42 nqu D2

Y
U9 D2, gUNYI 50 °C

Load-Displacement

25

Load (kN)

0.5

2 25
Displacement (mm)

3.5

4.5



138

Y D2, U 100 °C

Load-Displacement

Load (kN)
£

0 0.5 1 15 2 25 3
Displacement (mm)

UMY D2, gUNYH 150 °C

Load-Displacement

Load (kN)

Displacement (mm)
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FUY D2, U 200 °C

Load-Displacement

Load (kN)
w

0 0.5 1 1.5 2 25 3

Displacement (mm)

FUY D2, U 250 °C

Load-Displacement

Load (kN)

0 T T T T
0 1 2 3 4 5 6

Displacement (mm)
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Y D2, U 300 °C

Load-Displacement

Load (kN)
£

Displacement (mm)

UMY D2, gUNYI 400 °C

Load-Displacement

Load (kN)

0 4 T T T T T T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Displacement (mm)
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FUY D2, QU 500 °C

Load-Displacement

25

Load (kN)
P

0.5 4

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Displacement (mm)

Y v o 1 o 1 Qy
ﬂTWﬁ .12 UEFAIANUTUWUTIEHIN Load NU Displacement YDINYUBUIIU D2

Tuaggungil 50 °C, 100 °C, 150 °C, 200 °C, 250 °C, 300 °C, 400 °C uag 500 °C
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