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Thesis Title The Influence of Oil Palm Fiber Ash and Rice Husk Ash to the Strength
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Abstract

This thesis was to study the influence of oil palm fiber ash and rice husk ash to the strength and
beahviour in receiving shear and bending moment of thin sheet made of glass fiber reinforced
concrete. The oil palm fiber and the rice husk ashes were baked by baker at the temperature of 105-
110 °C. After that they had been ground by Los Angeles Machine for 12 hours, until particles was
left on the standard sieve No. 325 at percentages of 2.52 and 3.72 respectively. Oil palm fiber and
rice husk ashes were used to replace the Portland cement type I in the ratio of 0%, 10%, 20%, 30%
and 40% by weight. The study consisted of physical and mechanical properties as follows:
Equivalent bending strength, compressive strength and water absorption. They were tested at the
age of 7, 28, 56 and 180 days. The Mortar compressive strength of cement was tested following
ASTM C 190-95 standard, while the equivalent bending strength and water absorption were tested
following BS EN 1170-5:1998. From results, it was found that the replacement of Portland cement
by the oil palm fiber and rice husk ashes had an effect on strength and behaviour in receiving shear
and bending moment of thin sheet made of glass fiber reinforced concrete. The rice husk ash had a
better strength and behaviour than the oil palm fiber ash. This rice husk ash cement was even better
than the control sampling which had no oil palm fiber and the rice husk ashes. Furthermore, it was
found that the curing age in water had an effect to strength and behaviour in receiving shear and

bending moment of all 3 types of thin sheet made of glass fiber reinforced concrete, the oil palm
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fiber agh, the rice husk ash and the control sampling which had no oil palm fiber and rice husk
ashes. It was observed that the values of LOP and MOR was greater as the curing age was longer.
However, the value of MOR of the control sampling seemed to be constant after curing age of 28
days. For the suitable ratio for replacement of the Portland cement by oil palm fiber ash was found
at 10% while it was 10%-30% for the rice husk ash. This research recommended that the ratio for

the replacement of the Portland cement by the oil palm fiber and the rice husk ashes was 10% and

20% respectively.

Keywords: Equivalent Bending Strength / Glass Fiber Reinforced Concrete / Thin Sheet Material /
Glass Fiber
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a a <]
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M35190 2.1 M3 munsuvesiagilos Tvaumuinasgiu ASTM C 618-99 [2]

gaENdAmand Fuvesiaquealva

(Chemical Properties) N F C
Si0, + AL, + Fe,0, (max %) 70 70 70
SO, (max %) 4 5 5
MgO (max %) 5 5 5
Na,O (max %) 1.5 1.5 1.5
Loss of Ignition (max %) 10 12 6
Moisture Content (max %) 3 3 3
Pozzolanic Index (mix %) 75 75 75
Water Requirement (max %) 115 105 105

2.1.1 dgasenleslaain

A = g @ oy o Y a aaa o . . A a o [
weyudmuanauiuivhldined§ise lewssu (Hydration Reaction) taziindafnainin
Ufnsoididny e unaFeudana lawmsa (3Ca0-25i0,3H,0 138 C-S-H) unaidou laason
las (Ca (OH)) uazunaouogiing lamsa (3Ca0-ALO,6H,0 30 C-A-H) dutansluaunish
(2.1) 03 (2.3)

2(3Ca0-28i0,) + 6H,0 ——» 3Ca0-2Si0,:3H,0 + 3Ca (OH), @.1)
2(2Ca0'Si0,) + 4H,0 ——» 3Ca0-2Si0,:3H,0 + Ca (OH), 2.2)
3(Ca0-ALQ,) + 6H,0 — > 3Ca0-ALO,"6H,0 2.3)

Un5en11ew Iasa1u (Pozzolanic Reaction) L‘flu‘lJﬁﬁ?mﬁtﬁﬂﬁuwﬁamnmsﬁwﬂﬁﬁ?ﬂﬂams‘ﬁu
ﬁjmyl,u%muﬁﬁmfw Tasldunaidonlansen'lad (CaOm)) Mifannaunsd (2.1) wag 2.2)
Lﬂumsgﬁuﬁnlﬁﬁ?méauﬁu%ﬂauaaﬂ%ﬁ (Si 0,) uazogiurlnseenles (ALO,) luiag
doa Tarau wansaain 1dnnTages Teaw Ao uaaduuddina lawsa (C-s-H) uazunaiion

agiitiionlaasa (C-A-H) daaasluaunsi 2.4) uaz (2.5)

Ca(OH), + SiO, + H,0 —»  xCa0+ySiO,zH,0 (2.4)
Ca(OH), + ALO,+ H,0 > xCaO-y ALO,zH,0 (2.5)

1 x, y uaz z luaunisn 2.4) Wuamuds lWawsievewnadoudana lawsa (C-S-H) waz

LLﬂﬁL‘]ﬁﬂM@thUﬂqﬂlﬂiﬁ (C-A-H) 993 (C-S-H) t1ag (C-A-H) ﬂlﬂﬂ%WﬂﬂQﬂiUWl‘ﬂ“ﬁT“ﬁﬁ'muﬂ'l
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2) M3YAA7 (Drying Shrinkage) rﬁuéfu

2.2 19unaY (Rice Husk Ash)
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panszpeumand Fowaz
Fanou'laoonlad (Si0,) 93.1
pvqiiifisuoenlad (ALO,) 0.3
Tosousen lad (Fe,0,) 0.4
unaifuuoen lua (Ca0) 0.7
uuntiidoueen loq (Mgo) 0.5
TwunanFouoen lae (K,0) 24
TwiRvuoen lad (Na,0) 0.2
Fames lnseonlad (SO,) 0.2
WoaweSavenlud (P,0,) 0.5
LOI 3.03
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3 P v
aanllszpeumanil Jouaz
Fanoulaoenlas (si0,) 59.0
a o 4
pzgilitisnoan lud (ALO,) 1.1
looounenlud (Fe,0,) 7.4
= '4
unaiouoon laa (Cao) 11.0
S o
wuniiioueen laa (MgO) 35
Twunaidoueenlad (K,0) 5.0
TxRoueonlad (Na,0) | 0.0
Fames lasoonlad (S0, 25
Weoanesaoonlud (p,0,) 5.4
LOI 10.1

2.4 NIBUNI(Glass sand) I IATZED3

31 2.1 uamsmswaanswuA?
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sio, 99.41
ALO, 0.21
Fe,0, 0.07
CaO 0.07
MgO 0.68

2.5 d@ulann (Glass Fibers)
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A1519N 2.5 ﬂﬂ!ﬁ‘uﬁa‘ﬂNﬂWﬂTW (Physical Properties) voudulouda

Value
Properties Method
1,800 GSM
Tensile Strength (MPa) 80 ASTM D 5083
Impact Strength (KJ / m2) 54 ASTM D256
Modulus of Elasticity (MPa) 6481 ASTM D 5083
Flexural Strength (MPa) 294 ASTM D 790
Specific Gravity at 23 °C 1.08 ASTM D 792
Thermal Conductivity (watt / m K) 0.029 ASTM C 177
Water Absorption in 24 hrs. / 23 °c (%) 0.17 ASTM D 570

3197 2.6 AUANIANIUAT (Chemical Properties) vouduloudd

Properties Result Method
Acid Base Testing
- Sulfuric Acid 30% "infAounag /24 hs.
- Nitric Acid 10% Tin/Aouinlas /24 s, ASTM D 1308
- Hydrochloric Acid 10% linlasuudas /24 hrs.
- Sodium Hydroxide 10% Tinlaounlaa /24 hrs.

v

) ) .« o
2.6 msaal3unanieeg193nn (Superplasticizer)
M99 Sika® ViscoCrete® 20HE i fimuiuog1909f unounsananenis n1snanifigs
[ 1 9 0 d a wa :I 1 =1 a a aa 9 wva
8alugsdusd s aE liguania myamihegiilsz@ninantoy uaz Iiaumnianislva

duilued1ed [9]
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A A
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A ﬁ'auam“lugﬂﬁ 2.1 MuNIATFIU BS EN 1170-5:1998 “Precast Concrete products Test method
for glass-fibre reinforced Cement Part 5 Measuring bending strength, ‘Complete bending test’
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_ FiopxL
Crop = bxd?
B Fiop*xL
Tmor = bxd?
_ 108 y Aop xd
tor =03 I?
108 A, xd
Emor = x 2
23 L
& A 9/ [ d' a ga
1o Oror N0 ANUAUAANIAIUA(MPa)
=} 9 [ d‘d o W LY 1] a v
Top A0 ANUAUAANIANNATATIUIUA (MPa)
= s d' a aa
Eyor A0 ANUATIANIAIUA
& =} d‘d o w Qs 1 a wva
Eop D ANUATIANYANNATATIUIUA
=} d' a wa
F o, B U3INIAIUA )
A d‘d o @ LY 1 a wa
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Sample Cement RHA OPFA Super Sand W/B
(ua) (ua) plasticizer

Control 1 0 0 0.15% 1 0.40
OP10 0.90 - 0.10 0.50% 1 0.40
OP20 0.80 - 0.20 0.70% 1 0.40
0P30 0.70 - 0.30 0.825% 1 0.40
OP40 0.60 - 0.40 1.00% 1 0.40
RHA10 0.90 0.10 - 0.50% 1 0.40
RHA20 0.80 0.20 - 0.75% 1 0.40
RHA30 0.70 0.30 - 1.00% 1 0.40
RHA40 0.60 0.40 - 1.25% 1 0.40
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fivda
1p] dan PORT ERITRI] ETiTa T} } da
athe | dunau LAND Ju Uniln ANuudy mihiause ANuAY wda
u a5 [73}) o .
w/C CEMENT | éhatho | (am) | (aw) | (am) (n¥u) (nn./ ) (kN) (MPa) | (MPa)

Con

trol 0.40 Type 1 7 50 49.8 50 286.5 | 2,301.20 160 64.26

Con

trol 0.40 Type 1 7 50 50.2 50 290.3 | 2,313.15 161 64.14 63.53
Con

trol 0.40 Type 1 7 50 50.5 50 291.5 | 2,308.91 157 62.18

oP

10 0.40 Type 1 7 50 49.1 50 279.7 | 2,278.62 165 67.21

OoP

10 0.40 Type 1 7 50 50.1 50 285.2 | 2,277.05 165 65.87 64.93
oP

10 0.40 Type 1 7 50 52.5 50 297.7 | 2,268.19 162 61.71

op

20 0.40 Type 1 7 50 49.8 50 269.5 | 2,164.66 149 59.84

oP

20 0.40 Type 1 7 50 51.2 50 276.5 | 2,160.16 149 58.20 60.42
op

20 0.40 Type 1 7 50 46.5 50 248.2 | 2,135.05 147 63.23

opP

30 0.40 Type 1 7 50 50.4 50 258.4 | 2,050.79 126 50.00

op

30 0.40 Type 1 7 50 50.1 50 255.2 | 2,037.52 124 49.50 49.63
op

30 0.40 Type 1 7 50 50.2 50 255.1 | 2,032.67 124 49.40

oP

40 0.40 Type 1 7 S0 48.5 50 245.5 | 2,024.74 89 36.70

oP

40 0.40 Type 1 7 S0 51 50 258.8 { 2,029.80 91 35.69 36.12
opP

40 0.40 Type 1 7 S0 49.5 50 251.9 | 2,035.56 89 35.96
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fidy
¢} das PORT ER1Tp1] MR : wihe da
at EROER LAND Yu Awitn ANMuwly un ANULAY Wiy
iy NI 1 q .
w/cC CEMENT | ¢hadha | (am) | (aw) | () (n¥) (/30 | (v (MPa) (MPa)

Con

trol 0.40 Type 1 28 50 49.5 50 284.8 | 2,301.41 209 84.44

Con

trol 0.40 Type 1 28 50 48.9 50 282.5 | 2,310.84 205 83.84 84.44
Con

trol 0.40 Type 1l 28 50 49.4 50 284.8 | 2,306.07 210 85.02

oP

10 0.40 Type 1 28 S0 49 50 278.4 | 2,272.65 230 93.88

op

10 0.40 Type 1 28 50 48.9 50 278.4 | 2,277.30 230 94.07 93.73
oP

10 0.40 Type 1 28 50 48.9 S0 278.2 | 2,275.66 228 93.25

oP -

20 0.40 Type 1 28 50 51.6 50 278.7 | 2,160.47 178 68.99

op

20 0.40 Type 1 28 50 51.5 50 278.7 | 2,164.66 182 70.68 70.62
opP

20 0.40 Type 1 28 50 49.6 S0 268.6 | 2,166.13 179 72.18

op

30 0.40 Type 1 28 50 50 50 254.6 | 2,036.80 147 58.80

opP

30 0.40 Type 1 28 S0 51.2 S0 259.4 | 2,026.56 144 56.25 58.36
op

30 0.40 Type 1 28 50 | 503 | S0 254.6 | 2,024.65 151 | 60.04

opP

40 0.40 Type 1 28 50 49.2 50 247.5 | 2,012.20 128 52.03

op

40 0.40 Type 1 28 50 49.5 50 248.0 | 2,004.04 128 51.72 52.23
opP

40 0.40 Typel 28 50 49.1 50 247.5 | 2,016.29 130 52.95
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[2¢] dan PORT ERITeLNt . ; ANy Mmdda
at | diundy LAND Ju Uwmiln ANy wihiouse (G} o
nine [{p¥] R i
w/C CEMENT a1y | (o) | (am) | (am) | (a%w) (nn./ ) (kN) (MPa) | (Mpa)

Con

trol 0.40 Type 1 56 50 49 50 280.4 | 2,288.98 234.00 95.51

Con

trol 0.40 Typel 56 S0 48.5 50 280.2 | 2,310.93 242.00 99.79 97.54
Con

trol 0.40 Type 1 56 50 48.5 50 281.3 | 2,320.00 236.00 97.32

oP

10 0.40 Type 1 56 S0 48.6 50 276.6 | 2,276.54 246.00 101.23

opP

10 0.40 Type 1 56 50 49 50 279.2 | 2,279.18 255.00 104.08 101.45
oP

10 0.40 Type 1l 56 50 515 50 292.4 | 2,271.07 255.00 99.03

oP

20 0.40 Type 1 56 50 51.5 50 280.1 | 2,175.53 226.00 87.77

oP

20 0.40 Type 1 56 50 51.3 50 278.6 | 2,172.32 222.00 86.55 88.40
oP

20 0.40 Type 1 56 50 49.3 50 268.0 | 2,174.44 224.00 90.87

oP

30 0.40 Type 1l 56 50 50.5 S0 256.5 | 2,031.68 176.00 69.70

op

30 0.40 Type 1 56 50 49.5 50 250.8 | 2,026.67 172.00 69.49 69.53
op

30 0.40 Type 1 56 50 49 50 249.2 | 2,034.29 170.00 69.39

oP

40 0.40 Type 1 56 50 49.4 50 247.7 | 2,005.67 141.00 57.09

oP

40 0.40 Typel 56 50 50.9 50 256.2 | 2,013.36 144.00 56.58 56.25
op

40 0.40 Type 1 56 50 51.2 50 258.6 | 2,020.31 141.00 55.08
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M das PORT ERIRLTY 2wa : wilg AM&da
adhy | &ruwan LAND Ju AU wmiln ALY usy ANAY wafu
G niv [7R}) 9 |
w/cC CEMENT | éhathe | (ans.) () | () | (a%w) (ha/ ) | (kN) (MPa) | (MPa)

Con

trol 0.40 Type 1 7 50 49.8 50 286.5 | 2,301.20 160 64.26

Con

trol 0.40 _Type 1 7 50 50.2 50 290.3 | 2,313.15 161 64.14 63.53
Con

trol 0.40 Type 1 7 50 50.5 S0 291.5 | 2,308.91 157 62.18

RHA

10 0.40 Type 1 7 50 50.3 50 275.5 | 2,190.85 168 66.80

RHA

10 0.40 Type 1 7 50 50.3 50 275.5 | 2,190.85 168 66.80 66.93
RHA

10 0.40 _Type 1 7 50 51.2 50 280.6 | 2,192.19 172 67.19

RHA

20 0.40 Type 1 7 S0 50.9 50 293.0 | 2,302.55 187 73.48

RHA

20 0.40 _Type 1 7 50 51 50 2949 | 2,312.94 185 72.55 73.30
RHA

20 0.40 Type 1 7 50 50.9 50 294.3 | 2,312.77 188 73.87

RHA

30 0.40 Type 1 7 50 50.2 50 276.3 | 2,201.59 181 72.11

RHA

30 0.40 Type 1 7 50 50.4 50 277.7 | 2,203.97 182 72.22 71.98
RHA

30 0.40 Type 1 7 50 514 50 283.0 | 2,202.33 184 71.60

RHA

40 0.40 Type 1 7 50 51.2 50 280.2 | 2,189.06 162 63.28

RHA

40 0.40 Type 1 7 50 51.6 50 281.8 | 2,184.50 158 61.24 61.89
RHA

40 0.40 Type 1 7 50 52 50 282.6 | 2,173.85 159 61.15
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o8] dann PORT ERITPIT] . . wihg anu doda
ad | dumau LAND Ju Udwmiln CRRLIIS] us Wiy [Erh
4] a9 o g9 }
w/C CEMENT | éhadhe | (me) | (ane) | (a) | (ndn) (nn./ (kN) (MPa) (MPa)

Con

trol 0.40 Type 1 28 50 49.5 50 284.8 | 2,301.41 209 84.44

Con

trol 0.40 Type 1 28 50 48.9 50 282.5 | 2,310.84 205 83.84 84.44
Con

trol 0.40 Type1 28 50 49.4 50 284.8 | 2,306.07 210 85.02

RHA

10 0.40 Type 1 28 S0 51 50 280.0 | 2,196.08 234 91.76

RHA

10 0.40 Type 1 28 50 51.2 50 280.0 | 2,187.50 232 90.63 91.51
RHA

10 0.40 Type 1 28 S0 50.8 50 278.1 | 2,189.76 234 92.13

RHA

20 0.40 Type 1 28 S0 50.8 50 294.2 | 2,316.54 254 100.00

RHA

20 0.40 Type 1 28 50 51.2 50 296.1 | 2,313.28 255 99.61 99.42
RHA

20 0.40 Type 1 28 50 51.5 50 296.6 | 2,303.69 254 98.64

RHA

30 0.40 Type 1 28 50 50.8 50 280.6 | 2,209.45 238 93.70

RHA

30 0.40 Type 1 28 50 49.5 50 273.0 | 2,206.06 236 95.35 94.36
RHA

30 0.40 Type 1 28 50 50.2 50 276.5 | 2,203.19 236 | 94.02

RHA

40 0.40 Type 1 28 50 51.5 50 279.5 | 2,170.87 206 80.00

RHA

40 0.40 Type 1l 28 50 52.3 50 283.3 | 2,166.73 208 79.54 80.24
RHA

40 0.40 Type 1 28 50 50.5 50 274.0 | 2,170.30 205 81.19
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28} aan PORT I e B wilhg AN fdvda
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w/C CEMENT | éhadho | (am.) | (am.) a1y1.) (n¥u) (/) | kN) | (ksc.) (ksc.)

Cont

rol 0.40 Type 1 56 50 49 50 280.4 | 2,288.98 234 95.51
Cont

rol 0.40 Type 1 56 50 48.5 S0 280.2 | 2,310.93 242 99.79 97.54
Cont

rol 0.40 Type 1 56 50 48.5 S0 281.3 | 2,320.00 236 97.32
RHA

10 0.40 Type 1 56 50 51.8 50 284.3 | 2,195.37 256 98.84

RHA

10 0.40 Type 1 S6 50 51.5 50 282.6 | 2,194.95 258 100.19 99.55
RHA

10 0.40 Type 1 56 S0 51.2 S0 282.1 | 2,203.91 255 99.61
RHA

20 0.40 Type 1 56 50 50.5 S0 291.5 | 2,308.91 282 111.68
RHA

20 0.40 Type 1 56 50 51.5 50 297.0 | 2,306.80 286 111.07 111.21
RHA

20 0.40 Type 1 56 S0 50.5 50 292.0 | 2,312.87 280 110.89

RHA

30 0.40 Type 1 56 50 51.2 50 283.2 { 2,212.50 264 103.13

RHA

30 0.40 Type 1 56 S0 50.5 S0 279.7 | 2,215.45 260 102.97 103.12
RHA

30 0.40 Type 1 56 50 49.2 S0 272.8 | 2,217.89 254 103.25

RHA

40 0.40 __Type1l 56 50 51.3 S0 279.3 | 2,177.78 231 90.06

RHA

40 0.40 Type 1 56 50 50.9 50 276.5 | 2,172.89 229 89.98 90.07
RHA

40 0.40 Type 1 56 50 50.8 50 276.4 | 2,176.38 229 90.16
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5 o W w ] = ~ 9 o ¢ o Y]
AN V.1 Naﬂ'liﬂﬂﬂ'ﬂ‘ljﬂ'lﬁﬂﬂﬂﬂjﬂﬂlmuﬂ8“ﬂ5ﬁlﬂih10llﬂ31lﬂu7|°ﬁlnuﬂ ‘Vl@'lq 73U
Span
Date é\a g;;g Dimension (mm) length, Acop Froe Amor Fumor
Sample L
Casting Testing (Days) b d | (mm) (mm) (N) (mm) (N)
14 Sep 21 Sep
AB1* 07 o7 7 50.0 11.3 225 200 0.67 384.90 6.48 680.64
14 Sep 21 Sep
AB2** 07 07 7 50.0 1.7 225 200 0.76 356.75 6.53 794.87
14 Sep 21 Sep
A B3* 07 07 7 50.0 11.0 225 200 0.74 275.39 5.49 691.60
14 Sep 21 Sep
A B4* 07 07 7 50.0 111 225 200 0.71 344.23 5.57 608.67
14 Sep 21 Sep
AT1* 07 07 7 50.0 13.8 225 200 0.46 162.73 4.55 1193.86
14 Sep 21 Sep
AT2** 07 07 7 50.0 14.2 225 200 0.77 140.82 4.42 1301.83
14 Sep 21 Sep
AT3* 07 07 7 50.0 13.0 225 200 0.71 98.58 3.02 804.25
14 Sep 21 Sep
A T4 07 07 7 50.0 12.5 225 200 1.26 244.09 3.29 744.79
14 Sep 21 Sep
8 B1* 07 07 7 50.0 11.2 225 200 0.69 208.10 5.98 691.60
14 Sep 21 Sep
B B2** 07 07 7 50.0 11.9 225 200 0.85 314.50 4.54 910.65
14 Sep 21 Sep
B B3* 07 07 7 50.0 11.8 225 200 0.88 306.68 5.41 724.45
14 Sep 21 Sep
B B4** 07 07 7 50.0 12.3 225 200 0.69 366.14 517 880.92
14 Sep 21 Sep
BT1* 07 07 7 50.0 10.8 225 200 0.29 366.14 517 880.92
14 Sep 21 Sep
B T2** 07 07 7 50.0 10.5 225 200 0.81 287.90 7.68 649.35
14 Sep 21 Sep
B T3* o7 07 7 50.0 10.5 225 200 0.46 258.17 6.26 538.26
14 Sep 21 Sep
B T4** 07 07 7 50.0 9.8 225 200 0.66 244.09 7.74 558.60
14 Sep 21 Sep
CcB1* 07 07 7 50.0 11.8 223 200 0.68 377.09 5.78 818.34
14 Sep 21 Sep
cB2* 07 07 7 50.0 1.4 223 200 0.17 330.15 5.06 638.40
14 Sep 21 Sep
CB3* 07 07 7 50.0 11.6 223 200 0.71 352.06 5.21 716.63
14 Sep 21 Sep
C B4** 07 07 7 50.0 11.0 223 200 0.17 319.20 4.82 627.44
14 Sep 21 Sep
CT1* 07 07 7 50.0 11.2 223 200 0.44 294.16 6.06 655.61
14 Sep 21 Sep
cT2* 07 07 7 50.0 11.5 223 200 0.35 287.90 6.02 722.89
14 Sep 21 Sep
CcT3* 07 07 7 50.0 11.8 223 200 1.15 373.96 4.88 758.88
14 Sep 21 Sep
C T4** o7 07 7 50.0 1.5 223 200 0.85 314.50 6.54 733.84
* Mold face contacts with major span rollers
** Machine face contact with major span
rollers
All samples were failed inside central third
span
Tested in accordance with BS EN 1170-5 :
1998
A = control B = OP10 C = 0P20
D = OP30 E = OP40 F = RHA10
G = RHA20 H = RHA30 I = RHA40
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Eop Guor (MPa) EwmoR Gwmor (MPa)
Sample
Individual Avg. Individual Avg. Individual Avg. Individual Avg.

AB1* 0.000872 12.057 0.008596 21.322

A B2** 0.001025 10.424 0.008969 23.227

A B3* 0.000938 9.104 0.007089 22.863

ABA4™ | 0.000908 | ogo1o77 | 11175 7194 | 0007258 | ¢ og70¢1 | 19760 22.022
AT1* 0.000731 3.418 0.007371 25.076

A T2 0.001260 2.793 0.007368 25.825

AT3* 0.001063 2.333 0.004609 19.036

A T4 0.001815 6.249 0.004828 19.067

BB1* 0.000890 6.636 0.007862 22.054

B B2** 0.001165 8.884 0.006342 25.723

B B3* 0.001196 8.810 0.007494 20.812

B B4** | 0.000978 9.680 0.007465 23.291

BT 0.000361 0.000859 12.556 9.568 0.006555 0.007726 30210 23.555
B T2** 0.000980 10.445 0.009466 23.559

BT3* 0.000557 9.367 0.007716 19.529

B T4** 0.000745 10.166 0.008904 23.265

C B1* 0.000925 10.833 0.008007 23.509

C B2** | 0.000223 10.162 0.006772 19.649

C B3* 0.000949 10.466 0.007095 21.303

C B4* 0.000215 10.552 0.006224 20.742

CT1 0.000568 0.000754 9.380 10.044 0.007953 0.007473 20.906 21.496
cT2*™ 0.000464 8.708 0.008127 21.864

CT3* 0.001564 10.743 0.006760 21.801

C T4* 0.001126 9.512 0.008829 22.196

* Mold face contacts with major span rollers
** Machine face contact with major span rollers

All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control B = OP10
D = OP30 E = OP40
G = RHA20 H = RHA30

C=0P20
F = RHA10
I = RHA40
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Stress Relationships Weight (g) w Avg. w

Sample TI+T2+T3+T4 TI+T3 BI+B3

B1+B2+B3+B4 T2+T4 B2+B4 M Ma (%) (%)
AB1* 298.48 276.52 7.94
AB2* 256.48 237.20 8.13
AB3* 298.60 277.60 7.56
A B4~ 1.021 0.983 1.028 iy 273.78 7.94 9.45
AT1* 237.66 203.52 16.77
AT2" 313.96 289.16 8.58
AT3* 283.90 260.24 9.09
A T4 280.24 255.68 9.61
BB1* 241.90 217.04 11.45
B B2** 253.18 228.58 10.76
B B3* 259.94 234.56 10.82
B B4™ 1.051 1.062 0.875 256.12 230.66 11.04 10.44
BT1* 273.74 250.66 9.21
B T2* 279.76 253.76 10.25
B T3* 274.40 249.50 9.98
B T4** 289.08 262.70 10.04
C B1* 291.20 265.76 9.57
C B2* 302.76 260.76 16.11
cB3* 278.14 256.50 8.44
C B4* 1018 0.969 1109 283.62 279.56 1.45 8.99
cT1* 277.48 256.66 8.11
c T2 292.14 268.82 8.67
CcT3* 295.98 270.20 9.54
C T4* 307.42 279.44 10.01

* Mold face contacts with major span rollers
** Machine face contact with major span rollers

All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control
D = 0P30
G = RHA20

B = OP10
E = OP40
H = RHA30

C = 0P20
F = RHA10
I = RHA40



Administrator
Stamp


83

= '
MITN V.1 (M9)

.

Date é\;:;l; Dimension (mm) |e‘2§31" L] Auwe Frop Amor Fuor
Sample !
Casting | Testing (Days) b d | (mm) (mm) (N) (mm) (N)

14 Sep 21 Sep

D B1* 07 07 7 50.0 11.0 225 200 0.72 233.14 6.67 638.83
14 Sep 21 Sep

D B2** 07 07 7 50.0 11.0 225 200 0.85 292.60 6.88 672.82
14 Sep 21 Sep

D B3* 07 07 7 50.0 11.2 225 200 1.09 301.99 5.76 685.34
14 Sep 21 Sep

D B4** 07 07 7 50.0 11.2 225 200 0.59 297.29 5.26 650.91
14 Sep 21 Sep

DT1* 07 07 7 50.0 11.5 225 200 0.72 341.10 6.11 710.37
14 Sep 21 Sep

D T2** 07 07 7 50.0 12.3 225 200 0.72 341.20 4.85 747.92
14 Sep 21 Sep

D T3* 07 07 7 50.0 12.5 225 200 1.34 416.21 4.98 821.46
14 Sep 21 Sep

D T4* 07 07 7 50.0 12.3 225 200 0.85 416.21 4.98 821.46
14 Sep 21 Sep

E B1* 07 07 7 50.0 11.5 225 200 0.75 267.95 5.35 516.35
14 Sep 21 Sep

E B2** 07 07 7 50.0 11.9 225 200 0.73 287.90 7.05 553.90
14 Sep 21 Sep

E B3* 07 07 7 50.0 12.0 225 200 0.77 287.90 5.26 591.45
14 Sep 21 Sep

E B4** 07 07 7 50.0 12.0 226 200 1.18 245.65 4.28 553.90
14 Sep 21 Sep

ET1* 07 07 7 50.0 113 225 200 0.97 231.57 5.92 494 .44
14 Sep 21 Sep !

ET2** 07 07 7 50.0 11.1 223 200 0.95 233.14 4.96 464.71
14 Sep 21 Sep

E T3 07 07 7 50.0 113 225 200 1.13 237.83 6.92 535.13
14 Sep 21 Sep .

ET4** 07 07 7 50.0 115 224 200 0.97 228.45 8.12 544.51
14 Sep 21 Sep

FB1* 07 07 7 50.0 12.0 223 200 0.83 359.88 5.18 713.50
14 Sep 21 Sep

F B2** 07 07 7 50.0 121 226 200 0.95 339.54 4.01 685.34
14 Sep 21 Sep

F B3* 07 07 7 50.0 12.4 226 - 200 0.96 306.68 4.25 762.01
14 Sep 21 Sep

F B4** 07 07 7 50.0 124 226 200 0.65 328.58 4.55 746.36
14 Sep 21 Sep

FT1* 07 07 7 50.0 12.2 224 200 0.60 316.07 5.52 791.74
14 Sep 21 Sep

FT2* 07 07 7 50.0 11.9 224 200 0.71 322.73 6.09 707.24
14 Sep 21 Sep

FT3* 07 07 7 50.0 12.0 224 200 0.88 344.23 5.38 735.41
14 Sep 21 Sep

F T4 07 07 7 50.0 12.3 224 200 0.91 342.67 4.63 758.88

* Mold face contacts with major span rollers
** Machine face contact with major span

rollers

All samples were failed inside central third

span

Tested in accordance with BS EN 1170-5 :

1998

A = control B = OP10 C=0P20
D = OP30 E = OP40 F = RHA10

G = RHA20 H = RHA30 I = RHA40
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ELop Guor (MPa) Emor Owmor (MPa)
Sample
Individual Avg. Individual Avg. Individual Avg. {ndividual Avg.

DB1* 0.000913 7.707 0.008613 21.118

D B2** 0.001077 9.673 0.008884 22242

D B3* 0.001407 9.630 0.007573 21.854

D B4** | 0.000761 0.001158 9.480 9.686 0.006916 0.007717 20.756 21.247
DT1* 0.000954 10.317 0.008249 21.486

DT2** | 0.001020 9.021 0.007003 19.774

D T3* 0.001930 10.655 0.007308 21.029

D T4* | 0.001205 11.004 0.007191 21.719 ]
E B1* 0.000994 8.104 0.007223 15.617 {
E B2** | 0.001001 8.132 0.009849 15.646

E B3* 0.001065 7.997 0.007410 16.429

E B4*™ [ 0.001631 6.824 0.006029 15.386

T 0.001263 0.001241 7254 7.530 0.007853 0.008121 15.489 15.861
E T2** 0.001215 7.569 0.006463 15.087

ET3" 0.001471 7.450 0.009180 16.763

E T4** 0.001285 6.910 0.010962 16.469

FB1* 0.001148 9.997 0.007297 19.819

F B2** 0.001324 9.276 0.005696 18.724

F B3* 0.001372 7.978 0.006187 19.823

F B4** 0.000929 8.548 0.006623 19.416

FT1e 0.000843 0.001137 8.494 9.004 0.007906 0.007060 21278 19.941
F 12" 0.000973 9.116 0.008507 19.977

FT3* 0.001217 9.562 0.007579 20.428

F T4** 0.001290 9.060 0.006685 20.064

* Mold face contacts with major span rollers

** Machine face contact with major span rollers
All samples were failed inside central third span
Tested in accordance with BS EN 1170-5: 1998

A = control
D = OP30
G = RHA20

B=
E=
H=

OP10
0OP40
RHA30

C =0P20
F = RHA10
I = RHA40
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Stress Relationships Weight (g) w Avg. w

Sample TI+T3 B1+B3

;: :;;igig T2+T4 B2+B4 Mw Mq (%) (%)
DB1* 286.96 258.68 10.93
D B2** 269.98 246.70 9.44
D B3* 274.84 251.86 9.12
D B4™ 0.977 1.025 0.999 281.58 259.00 8.72 8.90
D T1* 307.02 287.60 6.75
D T2 305.70 283.80 7.72
D T3* 290.26 266.90 8.75
D T4** 293.94 267.82 9.75
E B1* 22016 193.94 13.52
E B2~ 259.00 232.60 11.35
E B3* 249.20 221.02 12.75
E B4~ 1.012 1.022 1.033 257.76 236.30 9.08 1092
ETI* 266.96 245.58 8.71
E T2+ 279.48 25488 9.65
E T3 269.34 244.12 10.33
E T4* 250.08 223.32 11.98
FB1* 303.96 280.60 8.33
F B2 300.36 279.44 7.49
F B3 281.56 263.24 6.96
F Ba™ 1.051 1.042 1.039 301.60 281.62 7.09 7.09
FT1* 283.86 266.98 6.32
F T2 251.48 23554 6.77
F 13" 265.64 249.18 6.61
F T4~ 280.28 261.58 7.15

* Mold face contacts with major span rollers

** Machine face contact with major span rollers
All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control
D = 0P30
G = RHA20

B = OP10
E = OP40
H = RHA30

C = 0P20
F = RHA10
I = RHA40
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M3 4.1 (79)

.

Age of " Span
Date Sample Dimension (mm) length, | Ao Fiop Awor Fumor
Sample L
Casti . (mm
asting Testing (Days) b d i (mm) ) (N) (mm) (N)

14 Sep 21 Sep

G B1* o7 07 7 50.0 9.6 224 200 091 231.57 6.15 519.48
14 Sep 21 Sep

GB2* 07 07 7 50.0 9.6 224 200 0.81 233.14 5.89 530.43
14 Sep 21 Sep

G B3* 07 07 7 50.0 103 224 200 0.59 244.09 4.98 585.20
14 Sep 21 Sep

G B4** 07 07 7 50.0 9.5 224 200 0.67 251.92 5.49 480.36
14 Sep 21 Sep

GT1* o7 07 7 50.0 9.6 224 200 0.93 222.19 5.96 533.56
14 Sep 21 Sep

G T2* 07 07 7 50.0 9.8 224 200 0.69 242.53 5.96 538.26
14 Sep 21 Sep

GT3* 07 07 7 50.0 9.8 2245 200 0.69 248.79 4.56 513.22
14 Sep 21 Sep

G T4* 07 o7 7 50.0 9.8 2245 200 0.88 245.66 5.99 546.08
14 Sep 21 Sep

HB1* 07 07 7 50.0 10.1 223 200 0.89 255.05 5.75 530.43
14 Sep 21 Sep

HB2** 07 07 7 50.0 94 223 200 1.01 226.88 6.37 461.58
14 Sep 21 Sep

HB3* 07 07 7 50.0 9.9 223 200 0.84 239.40 7.30 516.35
14 Sep 21 Sep

HB4** 07 07 7 50.0 10.1 223 200 1.13 236.27 4.69 499.14
14 Sep 21 Sep

HT1* 07 07 7 50.0 9.9 224 200 0.09 239.39 4.97 496.00
14 Sep 21 Sep

HT2* 07 07 7 50.0 9.6 224 200 1.23 236.27 5.46 458.46
14 Sep 21 Sep

HT3* 07 07 7 50.0 8.8 224 200 0.59 186.20 5.30 352.06
14 Sep 21 Sep

H T4 07 07 7 50.0 1.6 224 200 0.43 322.33 5.01 732.28
14 Sep 21 Sep

1B1* 07 07 7 50.0 10.0 225 200 0.76 233.14 5.19 406.82
14 Sep 21 Sep

1 B2** 07 07 7 50.0 11.0 225 200 0.74 291.03 6.35 546.08
. 14 Sep 21 Sep

1B3* o7 07 7 50.0 11.6 225 200 0.51 34267 5.56 635.40
14 Sep 21 Sep

184* o7 07 7 50.0 11.3 225 200 0.84 327.02 4.31 585.20
14 Sep 21 Sep

171" 07 07 7 50.0 10.9 225 200 0.44 24253 5.40 519.48
14 Sep 21 Sep

172 07 07 7 50.0 10.7 225 200 0.76 244.09 3.02 411.51
14 Sep 21 Sep

173 07 07 7 50.0 11.0 225 200 0.79 308.24 5.25 566.42
14 Sep 21 Sep

1T4* 07 07 7 50.0 11.0 225 200 0.46 201.85 5.30 511.66

* Mold face contacts with major span rollers
** Machine face contact with major span

rollers

All samples were failed inside central third

span

Tested in accordance with BS EN 1170-5 :

1998

A = control B = OP10 C = 0P20
D = OP30 E = OP40 F = RHA10

G = RHA20 H = RHA30 I = RHA40
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ELop Gior (MPa) Emor Gwmor (MPa)
Sample
Individual Avg. Individual Avg. Individual Avg. Individual Avg.
G B1* 0.001007 10.051 0.006931 22.547
GB2* | 0.000896 10.119 0.006638 23.022
GB3* | 0.000700 9.203 0.006021 22.064
GB4™ | 0.000733 | gq00g65 | 11165 | 40410 | 0006123 | oge408 | 21290 | 55377
GT1* | 0.001029 9.644 0.006717 23.158
GT2* | 0.000779 10.101 0.006857 22.418
GT3* | 0.000779 10.362 0.005246 21.375
G T4 | 0.000994 10.232 0.006891 22744
HB1* | 0.001036 10.001 0.006818 20.799
HB2* | 0.001094 10.271 0.007029 20.895
HB3* | 0.000958 9.770 0.008484 21.073
HB4*™ | 0001315 9.265 0.005561 19.572
T o000 ] 0000880 o7 0816 | 0.006515 [— 20.304
HT2* | 0.001360 10.255 0.006153 19.898
HT3* | 0.000598 9.618 0.005475 18.185
HT4" | 0.000575 9.582 0.006822 21.768
1B1* | 0.000876 9.326 0.006093 16.273
1B2** | 0.000938 9.621 0.008200 18.052
IB3* | 0.000682 10.186 0.007571 18.888
1B4* | 0.001094 | o5gg3¢ | 10-244 9417 20077 | nopags | 10332 17.381
1T1* | 0.000553 8.165 0.006910 17.489
172" | 0.000925 8.528 0.003793 14.377
1T3* | 0.001001 10.190 0.006779 18.725
1T4* | 0.000583 6.673 0.006844 16.914

* Mold face contacts with major span rollers

** Machine face contact with major span rollers
All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control B = OP10 C =0P20
D = 0P30 E = OP40 F = RHA10
G = RHA20 H = RHA30 I = RHA40
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Stress Relationships Weight (g) w Avg. w

Sample T1+T2+T3+T4 TI+T3 BI+B3

B1+B2+B3+B4 T2+T4 B2+B4 M Ma (%) (%)
GB1* 254.36 232.84 9.24
G B2** 263.64 242.52 8.71
G B3* 266.08 246.50 7.94
G B4 1.009 0.986 1.007 262.34 244.36 LA 7.94
GT1* 237.98 221.90 7.25
G T2** 282.56 264.46 6.84
GT3* 278.81 258.78 7.74
G T4** 274.22 252.92 8.42
HB1* 244.98 221.22 10.74
H B2** ' 240.52 218.76 9.95
H B3* 236.38 214.92 9.99
HBa™ 0.973 0.922 1.035 238.76 ALE:. 9.69 9.78
HT1* 258.14 236.52 9.14
HT2* 241.50 220.62 9.46
HT3* 231.54 210.96 9.76
H T4 280.28 255.94 9.51
1B1* 253.66 230.56 10.02
| B2* 268.12 243.86 9.95
1B3* 271.74 246.98 10.03
| B4** 0.944 1157 0.966 228.44 202.68 12.71 10.81
1T1* 275.74 246.38 11.92
1 T2 258.74 233.00 11.05
173 281.86 255.30 10.40
| T4* 280.20 253.70 10.45

* Mold face contacts with major span rollers

** Machine face contact with major span rollers
All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control B = OP10 C = 0P20
D = 0P30 E = OP40 F = RHA10
G = RHA20 H = RHA30 I = RHA40
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D Age of . . Span
ate Sample Dimension (mm) length, Acor Frop Amor Fuor
Sample L

Casting Testing (Days) b d | (mm) (mm) (N) (mm) (N)

14 Sep

AB1* 07 12 Oct 07 28 51.0 11.6 | 225 200 0.65 424.03 4.80 768.27
AB2* 14OS7ep 12 Oct 07 28 51.0 9.4 225 200 0.55 245.66 4.78 458.46
AB3* 14OS7ep 12 Oct 07 28 51.0 9.7 225 200 0.59 316.07 5.89 549.21
A B4 14os7ep 12 Oct 07 28 51.0 9.6 225 200 0.64 245.66 4.75 458.46
AT1* 14087ep 12 Oct 07 28 52.2 12.6 | 225 200 0.40 552.34 5.90 1120.32
AT2** 14'0876’) 12 Oct 07 28 51.2 11.0 | 225 200 0.39 478.79 4.18 700.98
AT3* 14037ep 12 Oct 07 28 520 | 116 | 225 200 0.39 593.02 3.12 849.63
A T4 14087ep 12 Oct 07 28 515 | 106 | 226 200 0.40 541.38 252 644.65
BB1* 14os7ep 12 Oct 07 28 51.0 9.0 225 200 0.70 316.07 5.23 525.73
B B2 14037ep 12 Oct 07 28 51.0 9.1 225 200 0.46 334.84 5.24 552.34
B B3* 14037ep 12 Oct 07 28 51.0 8.9 225 200 0.54 375.53 2.43 447.50
B B4** 1403;69 12 Oct 07 28 51.0 8.7 225 200 0.53 311.37 4.37 460.02
BT1* 14os;ep 12 Oct 07 28 51.0 9.2 225 200 0.56 331.72 3.52 564.85
B T2** 14OS7ep 12 Oct 07 28 51.0 10.0 | 225 200 0.43 392.74 4.09 632.14
B T3 14037ep 12 Oct 07 28 51.0 10.0 | 225 200 0.52 389.61 4.09 632.14
B T4** 14037ep 12 Oct 07 28 51.0 11.0 | 225 200 0.43 467.84 3.92 704.11
CcB1* 14os7ep 12 Oct 07 28 50.0 11.0 | 223 200 0.48 469.41 3.89 738.54
c B2 140879p 12 Oct 07 28 500 | 10.8 | 223 200 0.43 322.33 4.28 658.74
CcB3* 14037ep 12 Oct 07 28 50.0 11.0 | 223 200 0.40 381.79 5.30 636.83
C B4** 14os7ep 12 Oct 07 28 50.0 | 100 | 223 200 0.54 389.61 1.86 578.94
cT1* 140§ep 12 Oct 07 28 500 | 10.0 | 223 200 0.43 397.43 3.51 633.70
CcT12* 14os7ep 12 Oct 07 28 50.0 9.8 223 200 0.39 392.74 2.48 535.13
cT3* 14087'ep 12 Oct 07 28 500 | 100 | 223 200 0.41 47254 3.32 639.96
C T4 14087ep 12 Oct 07 28 50.0 100 | 223 200 0.36 452.20 3.71 694.72

* Mold face contacts with major span rollers
** Machine face contact with major span

rollers

All samples were failed inside central third

span

Tested in accordance with BS EN 1170-5:

1998

A = control B = OP10 C=0P20
D = OP30 E = OP40 F = RHA10

G = RHA20 H = RHA30 I = RHA40
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ELop Guor (MPa) EMOR Owmor (MPa)
Sample
Individual Avg. Individual Avg. Individual Avg. Individual Avg.

AB1* 0.000869 12.358 0.006536 22.390

A B2** 0.000596 10.903 0.005275 20.347

AB3* 0.000659 13.173 0.006707 22.890

AB4™ | 0.000708 | g000615 | 10453 | 43917 | 0009383 | (gg5672 | 19508 | 2 74
AT1* 0.000581 13.330° 0.008727 27.037

AT2* 0.000494 15.457 0.005398 22.630

AT3* 0.000521 16.950 0.004249 24.285

A T4 0.000489 18.712 0.003136 22.281

B B1* 0.000726 15.302 0.005526 25.453

B B2** 0.000482 15.857 0.005598 26.157

B B3* 0.000554 18.592 0.002539 22.155

B B4** 0.000531 16.132 0.004463 23.834

BT 0.000554 0.000566 15.369 15.887 0.003802 0.004574 26171 24.521
B T2** 0.000495 15.402 0.004801 24.790

BT3* 0.000599 15.279 0.004801 24.790

B T4** 0.000545 15.163 0.005062 22.820

C B1* 0.000608 15.518 0.005023 24 .415

C B2** 0.000535 11.054 0.005426 22.591

CB3* 0.000507 12.621 0.006844 21.052

C B4* 0.000622 15.584 0.002183 23.158

CT1* | 0.000495 0000512 15.897 15503 0.004120 | 0004338 25.348 24.030
cT2* 0.000440 16.357 0.002853 22.288

CcT3 0.000472 18.902 0.003897 25.598

C T4** 0.000415 18.088 0.004355 27.789

* Mold face contacts with major span rollers

** Machine face contact with major span rollers
All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control B=
D = 0P30 E=
G = RHA20 H=

OP10
0OP40
RHA30

C = 0P20
F = RHA10
I = RHA40




MI1EN V.2 (7D)

.

91

Stress Relationships Weight (g) w Avg. w

Sample TI+T2+T3+T4 TI+T3 BI+B3

B1+B2+B3+B4 T2+T4 B2+B4 M Ma (%) (%)
AB1* 289.28 266.30 8.63
A B2** 253.86 234.42 8.29
AB3* 259.60 241.40 7.54
AB4™ 1.130 1.143 1.136 269.80 252.40 6.89 6.95
ATI* 343.48 331.64 3.57
AT2** 295.96 277.50 6.65
A T3* 333.88 313.66 6.45
AT4™ 305.24 283.64 7.62
BB1* 289.84 269.68 7.48
B B2** 283.72 266.36 6.52
B B3* 290.26 272.58 6.49 -
B B4™ 1.010 1.070 0.952 292.56 275.22 6.30 7.05
BT1* 272.88 257.28 6.06
B T2* 277.92 259.78 6.98
BT3* 294.16 272.44 7.97
B T4* 285.68 263.12 8.57
CB1* 269.68 246.68 9.32
C B2** 272.16 250.68 8.57
C B3* 272.14 250.94 8.45
C B4~ 1.108 1.017 0.994 278.30 256.18 8.63 9.23
cT1* 279.64 256.98 8.82
CT2** 294.06 269.68 9.04
c T3 305.16 276.96 10.18
C T4* 308.42 278.26 10.84

* Mold face contacts with major span rollers

** Machine face contact with major span rollers
All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control
D = 0P30
G = RHA20

B = OP10
E = OP40
H = RHA30

C =0P20
F = RHA10
I = RHA40
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Date g‘frﬁ;; Dimension (mm) lers‘gti'j R A:O Fuon

Sample
Casting | Testing | (Days) b | d | mm) | mm) | N (“;m ™)
14 Sep 12 Oct

DB1* 07 07 28 500 | 111 225 200 0.47 449.07 | 5.08 793.30
14 Sep 12 Oct

D B2** 07 07 28 50.0 10.6 225 200 0.42 394.30 | 3.86 594.58
14 Sep 12 Oct

DB3* 07 07 28 50.0 | 10.6 225 200 0.73 492.88 | 3.81 726.02
14 Sep 12 Oct

D B4** 07 07 28 50.0 | 12.0 225 200 0.72 478.80 | 4.49 804.25
14 Sep 12 Oct

DT1* 07 07 28 50.0 | 12.0 225 200 0.36 478.80 | 2.23 647.78
14 Sep 12 Oct

D T2** 07 07 28 50.0 12.3 225 200 0.53 485.06 | 3.91 796.43
14 Sep 12 Oct

DT3* 07 07 28 50.0 11.1 225 200 0.33 46159 | 4.63 664.99
14 Sep 12 Oct

D T4** 07 07 28 50.0 | 10.0 225 200 042 460.02 | 4.29 732.28
14 Sep 12 Oct

EB1* 07 07 28 50.0 8.0 225 200 0.59 148.65 | 532 269.13
14 Sep 12 Oct

E B2** 07 07 28 50.0 9.2 225 200 1.03 32076 | 4.26 510.09
14 Sep 12 Oct

EB3* 07 07 28 50.0 | 122 225 200 0.33 386.48 | 4.48 521.04
14 Sep 12 Oct

E B4** 07 07 28 50.0 | 109 225 200 0.44 395.87 | 491 571.11
14 Sep 12 Oct

ET1* 07 07 28 50.0 | 11.1 225 200 0.76 392.74 | 5.12 603.97
14 Sep 12 Oct

ET2* 07 07 28 50.0 11.8 225 200 0.39 403.69 | 4.68 638.40
14 Sep 12 Oct

ET3* 07 07 28 50.0 | 11.0 225 200 0.39 39117 | 442 577.37
14 Sep 12 Oct

E T4** 07 07 28 50.0 9.0 225 200 0.87 37396 | 3.26 466.28
14 Sep 12 Oct

FB1* 07 07 28 51.0 11.1 225 200 1.13 510.09 3.95 801.12
14 Sep 12 Oct

FB2** 07 07 28 51.0 10.0 225 200 0.62 486.62 | 3.79 707.24
14 Sep 12 Oct

F B3* 07 07 28 51.0 9.8 225 200 0.81 477.23 | 3.05 644.65
14 Sep 12 Oct

F B4** 07 07 28 51.0 10.2 225 200 0.96 478.80 | 455 833.98
14 Sep 12 Oct

FT1* 07 07 28 51.0 9.1 225 200 0.53 398.99 | 3.12 586.76
14 Sep 12 Oct

FT2** 07 07 28 51.0 9.3 225 200 0.64 336.41 4.39 510.09
14 Sep 12 Oct

FT3* 07 07 28 51.0 9.2 225 200 0.56 383.35 | 4.11 557.03
14 Sep 12 Oct

F T4** 07 07 28 51.0 | 11.0 225 200 0.47 39899 | 3.18 558.60

* Mold face contacts with major span rollers

** Machine face contact with major span

rollers

All samples were failed inside central third

span

Tested in accordance with BS EN 1170-5 :

1998

A = control B = OP10 C = 0P20

D = OP30 E = OP40 F = RHA10

G = RHA20 H = RHA30 I = RHA40
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€Lop Otor (MPa) €MoR Owmor (MPa)
Sample
Individual Avg. Individual Avg. Individual Avg. Individual Avg.

D B1* 0.000601 14.579 0.006619 25.754

DB2** | 0.000513 14.037 0.004803 21.167

D B3* 0.000892 17.546 0.004741 25.846

D B4** | 0.000995 0.000644 13.300 14.872 0.006325 0.005293 22.340 23.130
DT1* 0.000498 13.300 0.003141 17.994

D T2** | 0.000751 12.825 0.005646 21.057

DT3* 0.000422 14.985 0.006033 21.589

D T4* | 0.000484 18.401 0.005036 29.291

EB1* 0.000544 9.291 0.004996 16.821

E B2** | 0.001092 15.159 0.004601 24.106

E B3* 0.000464 10.386 0.006416 14.003

B B4** | 0.000553 13.328 0.006283 19.228

ET1 0.000968 0.000693 12.866 13.003 0.006642 0.005571 19.786 19.299
ET2* 0.000530 11.597 0.006483 18.340

ET3* 0.000494 12.931 0.005708 19.087

E T4** | 0.000902 18.467 0.003444 23.026

FB1* 0.001445 16.235 0.005147 25.498

F B2** 0.000714 19.083 0.004449 27.735

FB3* 0.000915 19.487 0.003509 26.323

FB4* | 0.001128 0.000829 18.047 17.238 0.005448 0.004401 31.435 25.766
FT1* 0.000553 19.104 0.003315 28.095

F T2** 0.000686 15.253 0.004793 23.128

FT3* 0.000594 17.761 0.004439 25.808

F T4** 0.000596 12.931 0.004106 18.104

* Mold face contacts with major span rollers

** Machine face contact with major span rollers
All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control B = OP10 C =0P20
D = 0P30 E = OP40 F = RHA10
G = RHA20 H = RHA30 I = RHA40
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A131971 9.2 (99)

.

Stress Relationships Weight (g) w Avg. w

Sample TI+T2+T3+T4 +T3 BI+B3

BI+B2B3+B4 e B2B4 M. Mq (%) (%)
D B1* 247.24 224.48 10.14
D B2** 247.78 236.24 4.88
D B3* 251.24 231.72 8.42
D B4™ 0.946 0.786 1.186 262.96 242.38 8.49 7.91
DTI* 293.30 273.32 7.31
DT2** 285.08 265.62 7.33
D T3 295.94 274.40 7.85
D T4* 270.18 248.26 8.83
E B1* 262.86 231.90 13.35
E B2** 254.96 230.98 10.38
E B3* : 265.96 242.74 9.57
E B4~ 1.082 0.940 0.711 260.24 232.00 12.13 10.47
ET1* 271.28 250.38 8.35
ET2** 265.04 242.40 9.34
ET3* 263.48 237.48 10.95
E T4* 261.60 238.54 9.67
F B1* 228.00 210.54 8.29
F B2* 251.52 235.18 6.95
F B3* 266.26 249.96 6.52
F B4** 0.857 1307 0.676 262.30 245.44 6.87 707
FT1* 264.70 245.32 7.90
F T2 282.28 264.00 6.92
F T3* 286.36 268.66 6.59
F T4* 281.02 263.78 6.54

* Mold face contacts with major span rollers
** Machine face contact with major span rollers

All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control B = OP10 C =0P20
D = OP30 E = OP40 F = RHA10
G = RHA20 H = RHA30 I = RHA40
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Age of . . Span
Date Sample Dimension (mm) length, Avoe FLoe Amor Fumor
Sample L
Casting | Testing (Days) b d | (mm) (mm) (N) (mm) (N)

14 Sep 12 Oct

GB1* 07 07 28 51.0 8.3 225 200 0.83 345.80 3.89 474.10
14 Sep 12 Oct

G B2** 07 07 28 51.0 8.8 225 200 0.44 378.66 4.47 575.81
14 Sep 12 Oct

G B3* 07 07 28 51.0 9.0 225 200 0.72 364.57 4.1 553.90
14 Sep 12 Oct

G B4** 07 07 28 51.0 8.7 225 200 0.72 358.31 4.16 547.64
14 Sep 12 Oct

GT1* 07 o7 28 51.0 8.2 225 200 0.84 328.59 3.74 422.47
14 Sep 12 Oct

GT2* 07 07 28 51.0 9.2 225 200 1.12 400.56 4.63 600.84
14 Sep 12 Oct

GT3* 07 07 28 51.0 9.4 225 200 0.97 405.26 3.57 599.28
14 Sep 12 Oct

G T4 07 07 28 51.0 9.1 225 200 0.83 397.43 4.74 622.75
14 Sep 12 Oct

HB1* 07 o7 28 51.0 8.5 225 200 0.67 316.07 4.89 468.84
14 Sep 12 Oct

HB2* 07 07 28 51.0 8.4 225 200 0.53 311.37 4.67 433.42
14 Sep 12 Oct

H B3* 07 07 28 51.0 9.0 225 200 0.59 323.89 4.94 486.62
14 Sep 12 Oct

HB4** 07 o7 28 51.0 8.5 225 200 0.68 312.94 4.87 452.20
14 Sep 12 Oct

HT1* 07 07 28 51.0 9.0 225 200 0.31 319.20 3.86 503.83
14 Sep 12 Oct

HT12** 07 07 28 51.0 8.2 225 200 1.07 308.24 4.44 441.24
14 Sep 12 Oct

HT3* 07 07 28 51.0 8.8 225 200 0.49 306.68 4.74 502.27
14 Sep 12 Oct

HT4* 07 07 28 51.0 9.4 225 200 0.73 405.26 3.86 718.20
14 Sep 12 Oct 10.

1 B1* 07 07 28 51.0 1 225 200 0.29 308.24 3.77 469.41
14 Sep 12 Oct 10.

1 B2** 07 o7 28 51.0 2 225 200 0.59 356.75 3.12 488.18
14 Sep 12 Oct 1.

1 B3* 07 07 28 51.0 0 225 200 0.38 347.36 4.96 657.17
14 Sep 12 Oct

| B4** 07 07 28 51.0 9.2 225 200 0.42 286.34 4.41 411.51
14 Sep 12 Oct 10.

171 07 07 28 51.0 0 225 200 0.35 291.03 2.95 450.63
14 Sep 12 Oct 10.

72" 07 07 28 51.0 0 225 200 0.62 311.37 4.22 481.93
14 Sep 12 Oct 10.

173 07 07 28 51.0 8 225 200 0.33 381.79 3.37 564.85
14 Sep 12 Oct 1.

1 T4 07 07 28 51.0 0 225 200 0.50 378.66 4.19 647.78

* Mold face contacts with major span rollers
** Machine face contact with major span
rollers

All samples were failed inside central third
span

Tested in accordance with BS EN 1170-5 :
1998

A = control B = OP10 C = 0P20
D = 0P30 E = OP40 F = RHA10
G = RHA20 H = RHA30 I = RHA40



Administrator
Stamp
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ELop Gror (MPa) EMOR Gumor (MPa)
Sample
Individual Avg. Individual Avg. Individual Avg. Individual Avg.

GB1* | 0.000794 19.685 0.003790 26.988

G B2~ | 0.000446 19.175 0.004618 29.159

GB3* | 0.000747 17.650 0.004342 26.817

GB4™ | 0000722 | gqo0g26 | 19904 | q4g701 | 0004249 | 04305 | 28374 27.488
GT1* | 0.000794 19.164 0.003600 24.639

G T2 | 0.001187 18.559 0.005000 27.838

GT3* | 0.001051 17.986 0.003939 26.597

G T4* | 0.000870 18.821 0.005064 29.491

HB1* | 0.000656 17.156 0.004879 25.448

HB2" | 0.000513 17.305 0.004605 24.089

HB3* | 0.000612 15.681 0.005219 23.559

HB4™ | 0.000666 16.986 0.004859 24.544

T ooooaar ] 0000833 o 16750 || 0.004634 [—— o 25.635
HT2** | 0.001011 17.977 0.004274 25.734

HT3* | 0.000497 15.530 0.004897 25.435

HT4" | 0.000791 17.986 0.004259 31.875

1B1* | 0.000337 11.850 0.004470 18.046

1B2* | 0.000693 13.447 0.003736 18.401

1B3* | 0.000482 11.258 0.006405 21.299

1B4™ | 0.000445 | 04595 | 13:267 12319 |-2004763 | nosees | 12066 19.171
17T1*_ | 0.000403 11.413 0.003463 17.672

172~ | 0.000714 12211 0.004954 18.899

1T3* | 0.000411 12.836 0.004273 18.991

1T4* | 0.000634 12.272 0.005411 20.994

* Mold face contacts with major span rollers

** Machine face contact with major span rollers
All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control B = OP10
D = 0P30 E = OP40
G = RHA20 H = RHA30

C =0P20
F = RHA10
I = RHA40
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Stress Relationships Weight (g) w Avg. w
Sample TI+T3 B1+B3
g::;;:gg‘: T2+T4 B2+B4 M Mq (%) (%)

G B1* 246.28 233.80 5.34

G B2** 247.62 233.62 5.99

G B3* 261.86 245.16 6.81

G B4 0.975 0.894 0935 244.12 226.46 7.80 6.30
GT1* 286.74 270.18 6.13

G T2* 262.62 247.50 6.1

G T3* 264.20 249.84 5.75

G T4 273.52 256.98 6.44

HB1* 245.50 224.76 9.23

H B2** 262.52 240.88 8.98

H B3* 244.40 225.66 8.30

H B4** 1.100 0.865 1.008 245.58 225.98 8.67 8.05
HT1* 253.64 236.12 7.42

HT2"™ 244.50 228.64 6.94

HT3* 223.60 208.14 7.43

H T4** 278.68 259.48 7.40

1B1* 276.92 248.06 11.63

1 B2** 271.32 242.76 11.76

1B3* 273.46 226.20 20.89

1847 0.997 0.919 1.050 271.98 251.84 8.00 10.62
1 T1* 257.72 238.18 8.20

| T2** 270.76 250.60 8.04

173" 262.84 243.34 8.01

| T4* 260.14 239.90 8.44

* Mold face contacts with major span rollers

** Machine face contact with major span rollers

All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control B = 0OP10 C = 0P20
D =0P30 E = 0OP40 F = RHA10
G = RHA20 H = RHA30 I = RHA40


Administrator
Stamp
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Date é‘\ag:;;; Dimension (mm) 'esgt?: L Ao Frop Amor Fumor
Sample
Casting | Testing (Days) b d | (mm) (mm) (N) (mm) (N)

14 Sep 9 Nov

AB1* 07 07 56 50.5 11.6 | 225 200 0.50 336.41 3.06 879.36
14 Sep 9 Nov

AB2** 07 07 56 50.5 { 10.1 225 200 0.43 402.13 2.52 549.21
14 Sep 9 Nov

AB3* 07 07 56 50.5 | 11.8 | 225 200 0.35 494 .44 3.78 869.97
14 Sep 9 Nov

A B4** 07 07 56 50.5 11.5 | 225 200 0.41 475.67 3.87 815.21
14 Sep 9 Nov

ATt 07 07 56 50.5. | 108 | 225 200 0.28 486.62 2.88 841.81
14 Sep 9 Nov

AT2* 07 07 56 50.5 | 11.0 | 225 200 0.44 463.15 2.50 658.74
14 Sep 9Nov |

AT3* 07 07 56 505 | 11.0 ] 225 200 0.44 475.67 2.56 671.25
14 Sep 9 Nov

A T4 07 07 56 50.5 10.8 | 225 200 0.26 394.30 3.32 607.10
14 Sep 9 Nov

B B1* 07 07 56 50.0 9.0 224 200 0.49 395.87 3.07 589.89
14 Sep 9 Nov

B B2** 07 07 56 50.0 8.3 224 200 0.51 320.76 2.99 469.41
14 Sep 9 Nov

B B3* 07 07 56 50.0 8.6 224 200 0.30 366.14 2.89 505.40
14 Sep 9 Nov

B B4** o7 o7 56 50.0 8.9 224 200 0.40 398.99 1.66 494.44
14 Sep 9 Nov

BT1* 07 07 56 50.0 8.2 224 200 0.66 295.73 3.46 402.13
14 Sep 9 Nov

B T2** 07 07 56 50.0 8.1 224 200 0.39 289.47 291 403.69
14 Sep 9 Nov

B T3* 07 07 56 50.0 8.2 224 200 0.65 292.60 212 375.53
14 Sep 9 Nov

B T4** 07 07 56 50.0 9.2 224 200 0.29 342.67 4.08 497.57
14 Sep 9 Nov

cB1* o7 o7 56 50.0 9.8 224 200 0.29 403.69 2.34 589.89
14 Sep 9 Nov

c B2 07 07 56 50.0 | 104 | 224 200 0.23 400.56 2.99 719.76
14 Sep 9 Nov

C B3 07 o7 56 50.0 9.1 224 200 0.54 402.13 1.71 483.49
14 Sep 9 Nov

C B4 07 07 56 50.0 10.2 | 224 200 0.32 403.69 2.34 589.89
14 Sep 9 Nov

cT1* 07 07 56 50.0 9.7 224 200 0.66 456.89 2.77 635.27
14 Sep 9 Nov

cT2* o7 o7 56 50.0 9.7 224 200 0.41 403.69 279 602.41
14 Sep 9 Nov

cC 13 07 07 56 50.0 9.7 224 200 0.34 402.13 1.24 485.06
14 Sep 9 Nov

C T4 07 07 56 50.0 8.9 224 200 0.32 373.96 217 47410

* Mold face contacts with major span rollers
** Machine face contact with major span rollers

All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 :

1998
A = control B = OP10 C = 0P20
D = 0P30 E = 0P40 F = RHA10

G = RHA20 H = RHA30 I = RHA40
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A13199 1.3 (69)

99

€Lop Oior (MPa) EmoR Owmor (MPa)
Sample
Individual Avg. Individual Avg. Individual Avg. Individual Avg.

A B1* 0.000663 ' 10.074 0.004131 26.334

AB2* | 0.000500 15.612 0.002988 21.322

AB3* | 0.000476 14.063 0.005236 24.745

ABA™ | 0000543 | 000496 | 14245 | 44339 | 0005225 | ggp3997 | 24413 | 53603
AT1* | 0.000348 16.523 0.003651 28.583

AT2* | 0.000558 15.159 0.003228 21.561

AT3* | 0000558 15.569 0.003306 21.970

AT4* | 0000324 13.388 0.004209 20613

BB1* | 0.000508 19.549 0.003244 29130

B B2 | 0.000488 [ 18624 0.002913 27.256

BB3* | 0.000297 19.802 0.002918 27.334

BB4™ | 0.000410 20.148 0.001734 24.969

T oo00eza 1“5 753 18371 oo 0002019 |0 25.385
BT2* | 0.000364 17.648 0.002767 24.611

BT3* | 0.000614 17.406 0.002041 22.340

BT4* | 0.000307 16.194 0.004406 23515

CB1* | 0000327 16.813 0.002692 24.569

CcB2* | 0.000276 14.814 0.003650 26.618

CB3 | 0.000566 19.424 0.001827 23.354

CB4™ | 0.000376 |  443¢ | 12-921 17302 |-2002802 | opog | 22679 24.300
CT1* | 0.000738 19.424 0.003154 27.007

CT2** | 0000458 17.162 0.003177 25.610

CT3* | 0000380 17.096 0.001412 20.621

C T4 | €.000328 18.884 0.002267 23.941

* Mold face contacts with major span rollers

** Machine face contact with major span rollers
All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control B = OP10 C = 0P20
D = 0P30 E = OP40 F = RHA10
G = RHA20 H = RHA30 I = RHA40
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A15197 2.3 (419)

100

Stress Relationships Weight (g) w Avg. w
Sample 1+T2+T3+T4 TI+T3 B1+B3
+T2+T3+ +

;l+BZ+BB+B4 T2+T4 B2+B4 Mu M ) (%)
A B1* 271.20 248.90 8.96
A B2** 277.84 257.68 7.82
A B3* 287.90 270.84 6.30
A B4** 0.958 1.199 1.117 275.14 259.40 6.07 6.80
AT1* 350.54 331.84 5.64
AT2** 360.00 339.68 5.98
AT3* 341.48 320.16 6.66
A T4 321.26 300.28 6.99
BB1* 283.44 260.42 8.84
B B2** 301.60 279.92 7.75
B B3* 283.82 265.94 6.72
B B4** 0.868 0.961 1.081 291.88 273.36 6.77 6.75
BT1* 303.98 286.52 6.09
BT2** 295.66 278.86 6.02
BT3* 284.74 269.32 5.73
B T4** 264.80 249.64 6.07
C B1* 278.22 262.50 5.99
C B2** 282.66 266.62 6.02
C B3* 271.48 254.68 6.60
C B4* 1.000 0.961 0.972 277.84 258.48 7.49 717
cT1* 300.56 274.28 9.58
cT2* 296.70 274.90 7.93
CcT3* 286.96 267.96 7.09
C T4 290.54 272.34 6.68

* Mold face contacts with major span rollers

** Machine face contact with major span rollers

All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control
D = 0P30
G = RHA20

B = OP10
E = OP40
H = RHA30

C=0P20
F = RHA10
I = RHA40



Administrator
Stamp
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Age of . . Span
Date Sample Dimension (mm) length, Alop Fior Awvor Fumor
Sample L
Casting | Testing (Days) b d 1 (mm) {mm) (N) (mm) (N)

14 Sep 9 Nov

DBt* 07 07 56 50.5 103 [ 225 200 0.49 389.61 3.46 654.04
14 Sep 9 Nov

D B2** 07 07 56 50.5 106 [ 225 200 0.59 439.68 2.46 663.43
14 Sep 9 Nov

D B3* 07 07 56 50.5 | 10.1 225 200 0.42 442.81 2.18 567.98
14 Sep 9 Nov

D B4** 07 07 56 50.5 103 | 225 200 0.56 438.11 2.46 622.75
14 Sep 9 Nov

DT1* 07 07 56 50.5 | 109 | 225 200 0.46 411.51 3.48 785.48
14 Sep 9 Nov

D T12** 07 07 56 50.5 | 10.8 | 225 200 0.35 444.37 3.01 719.76
14 Sep 9 Nov

DT3* 07 07 56 50.5 103 | 225 200 0.66 483.49 1.87 613.36
14 Sep 9 Nov

D T4** 07 07 56 50.5 | 10.4 | 225 200 0.56 477.23 2.03 627.44
14 Sep 9 Nov

EB1* 07 07 56 50.5 | 10.1 225 200 043 364.57 2.81 497.57
14 Sep 9 Nov

EB2** 07 07 56 50.5 9.6 225 200 0.43 380.22 2.94 475.67
14 Sep 9 Nov

EB3* 07 07 56 50.5 10.7 225 200 0.34 347.36 2.31 594.58
14 Sep 9 Nov

E B4* 07 07 56 50.5 9.1 225 200 0.52 323.89 1.95 377.43
14 Sep 9 Nov

ET1* 07 07 56 50.5 9.0 225 200 0.42 319.20 2.71 413.08
14 Sep 9 Nov

ET2* 07 07 56 50.5 9.2 225 200 043 339.54 233 470.97
14 Sep 9 Nov

E T3 07 07 56 50.5 9.7 225 200 0.54 427.16 1.87 541.38
14 Sep 9 Nov

E T4 07 07 56 50.5 9.8 225 200 0.54 431.86 2.31 553.90
14 Sep 9 Nov

FB1* 07 07 56 50.5 8.2 225 200 0.44 292.60 468 413.08
14 Sep 9 Nov

F B2* 07 07 56 50.5 8.4 225 200 0.26 275.39 3.45 408.39
14 Sep 9 Nov

F B3* 07 07 56 50.5 9.4 225 200 0.42 397.43 2.06 463.15
14 Sep 9 Nov

F B4** 07 07 56 50.5 9.2 225 200 0.35 399.00 3.91 585.20
14 Sep 9 Nov

FT1* 07 07 56 50.5 9.4 225 200 0.50 370.83 3.79 567.98
14 Sep 9 Nov

F T2+ 07 07 56 50.5 9.5 225 200 0.52 403.69 3.58 578.94
14 Sep 9 Nov

FT3* 07 07 56 50.5 8.3 225 200 0.44 369.27 1.74 491.31
14 Sep 9 Nov

F T4* 07 07 56 50.5 8.5 225 200 0.44 406.82 2.41 597.71

* Mold face contacts with major span rollers

** Machine face contact with major span

rollers

All samples were failed inside central third

span

Tested in accordance with BS EN 1170-5 :

1998

A = control B = OP10 C =0P20

D = OP30 E = OP40 F = RHA10

G = RHA20 H = RHA30 I = RHA40



Administrator
Stamp
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€Lop Oor (MPa) EmoR Omor (MPa)
Sample
Individual Avg. Individual Avg. Individual Avg. Individual Avg.

D B1* 0.000582 14.544 0.004184 24.416

DB2** | 0.000721 15.498 0.003061 23.384

D B3* 0.000489 17.191 0.002585 22.051

DB4™ | 0.000685 | o015 | 19395 | 15990 | 0002974 | o307 | 23248 | 5399
DT1* 0.000578 13.717 0.004453 26.183

D T2* | 0.000436 15.088 0.003816 24.439

DT3* 0.000783 18.049 0.002261 22.897

D T4** | 0.000671 17.474 0.002478 22,974

E B1* 0.000500 14.154 0.003332 19.317

E B2** | 0.000476 16.339 0.003313 20.441

E B3* 0.000419 12.016 0.002902 20.567

B B4** | 0.000545 15.490 0.002083 18.051

=T 0.000436 0.000506 15.607 15.660 0.002863 0.002725 20197 20.780
ET2* [ 0.000456 15.887 0.002516 22.037

ET3* 0.000604 17.980 0.002129 22.788

E T4** | 0.000610 17.809 0.002658 22.841

FB1* 0.000416 17.234 0.004505 24.330

F B2** | 0.000252 15.457 0.003402 22.922

F B3* 0.000455 17.813 0.002273 20.759

FB4* | 0.000371 18.670 0.004223 27.382

Py 0.000542 0.000432 16.621 18.380 0.004182 0.003335 25.458 25.908
FT2* 0.000569 17.715 0.003992 25.405

FT3* 0.000421 21.229 0.001695 28.245

FT4* | 0.000431 22.300 0.002405 32.764

* Mold face contacts with major span rollers

** Machine face contact with major span rollers
All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control
D =0P30
G = RHA20

B=

E=
H=

OP10
0OP40
RHA30

C=0P20
F = RHA10
I = RHA40
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Stress Relationships Weight (g) w Avg. w
Sample TI+T2+T3+T4 R
B1+B2+B3+B4 Egi g;_igi M. Mq (%) %)
D B1* 257.74 240.26 7.28
D B2** 263.38 247.24 6.53
D B3* 266.42 249.94 6.59
D B4™ 1.036 1.035 0.996 250.06 235.00 6.41 7.05
DT1* 260.12 242.78 7.14
DT2** 268.50 250.94 7.00
D T3 267.88 249.54 7.35
D T4* 258.80 239.34 8.13
E B1* 256.52 240.98 6.45
E B2** 254.22 237.26 7.15
E B3* 277.28 257.24 7.79
£ B4** 1.121 0.958 1.036 244 .24 221.78 10.13 7.50
ET1* 262.34 246.82 6.29
E T2** 260.84 24476 6.57
E T3* 261.28 244.54 6.85
E T4** 263.26 242.08 8.75
F B1* 264.68 247 .44 6.97
F B2** 285.64 269.22 6.10
F B3* 294.32 278.76 5.58
F B4** 1173 0.923 0.896 286.46 272.10 5.28 6.23
FT1* 276.18 260.24 6.13
FT12** 274.16 258.40 6.10
FT3* 280.56 263.10 6.64
F T4** 296.28 276.72 7.07

* Mold face contacts with major span rollers

** Machine face contact with major span rollers

All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control
D = 0P30
G = RHA20

B = OP10
E = OP40
H = RHA30

C =0P20
F = RHA10
I = RHA40
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Age of . . Span
Date Sample Dimension (mm) length, ALop Flop Anor Fumor
Sample L
Casting | Testing (Days) b d | (mm) (mm) (N) (mm) (N)

14 Sep 9 Nov

GB1* 07 07 56 51.0 8.1 225 200 0.33 367.70 3.09 470.97
14 Sep 9 Nov

G B2+ 07 07 56 51.0 8.4 225 200 0.40 344.23 3.01 510.09
14 Sep 9 Nov

GB3* 07 07 56 51.0 8.5 225 200 0.25 372.40 1.88 466.28
14 Sep 9 Nov

G B4** 07 07 56 51.0 8.3 225 200 0.51 383.35 2.26 460.02
14 Sep 9 Nov

GT1* 07 07 56 51.0 7.8 225 200 0.16 303.55 3.28 381.79
14 Sep 9 Nov '

G T2 07 07 56 51.0 8.0 225 200 0.22 375.53 3.48 481.93
14 Sep 9 Nov

GT13* 07 07 56 51.0 8.0 225 200 0.22 364.57 4.34 527.30
14 Sep 9 Nov :

G T4* 07 07 56 51.0 75 225 200 0.44 295.73 3.83 431.86
14 Sep 9 Nov

HB1* 07 07 56 50.5 8.3 225 200 0.46 309.81 217 403.69
14 Sep 9 Nov

HB2** 07 07 56 50.5 8.3 225 200 0.40 320.76 1.83 395.87
14 Sep 9 Nov

HB3* 07 07 56 50.5 9.3 225 200 0.43 398.99 4.37 624.31
14 Sep 9 Nov

H B4** 07 07 56 50.5 9.1 225 200 0.46 391.17 3.13 553.90
14 Sep 9 Nov

HT1* 07 07 56 50.5 9.5 225 200 0.30 397.43 3.01 608.67
14 Sep 9 Nov ;

HT2** 07 07 56 50.5 8.8 225 200 0.34 392.74 4.35 553.90
14 Sep 9 Nov

HT3* 07 07 56 50.5 8.8 225 200 0.43 384.91 2.83 491.31
14 Sep 9 Nov

H T4 07 07 56 50.5 8.6 225 200 0.67 416.21 3.68 538.26
14 Sep 9 Nov

181* 07 07 56 50.5 9.8 225 200 0.55 330.15 2.68 516.35
14 Sep 9 Nov

1B2** 07 07 56 50.5 9.4 225 200 0.44 345.80 2.64 460.02
14 Sep 9 Nov

1B3* 07 07 56 50.5 9.6 225 200 0.51 312.94 3.23 541.38
14 Sep 9 Nov

1B4** 07 07 56 50.5 9.2 225 200 0.56 316.06 1.96 430.29
14 Sep 9 Nov

171+ 07 07 56 50.5 9.5 225 200 0.22 327.02 2.64 492.88
14 Sep 9 Nov

| T2* 07 07 56 50.5 8.0 225 200 0.51 242.53 282 323.89
14 Sep 9 Nov

173" 07 07 56 50.5 | 10.3 225 200 0.55 450.63 1.17 521.04
14 Sep 9 Nov

1 T4 07 07 56 50.5 | 10.6 225 200 0.42 491.31 2.71 635.27

* Mold face contacts with major span rollers

** Machine face contact with major span

rollers

All samples were failed inside central third

span

Tested in accordance with BS EN 1170-5 :

1998

A = control B = OP10 C = 0P20

D = OP30 E = OP40 F = RHA10

G = RHA20 H = RHA30 I = RHA40
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ELop Ouor (MPa) EMOR Owmor (MPa)
Sample
Individual Avg. Individual Avg. Individual Avg. Individual Avg.

G B1* 0.000308 21.978 0.002938 28.150

GB2* | 0.000387 19.132 0.002968 28.350

G B3* 0.000245 20.213 0.001876 25.309

G B4* | 0.000488 0.000295 21.822 21.085 0.002202 0.002963 26.187 28.069
GT1* 0.000144 19.566 0.003003 24.609

G T2** [ 0.000203 23.010 0.003268 29.530

G T3 0.000203 22.339 0.004076 32.310

G T4** | 0.000380 20.617 0.003372 30.108

HB1* 0.000440 17.811 0.002114 23.208

HB2** | 0.000383 18.440 0.001783 22.758

H B3* 0.000461 18.270 0.004771 - 28.587

H B4** | 0.000482 18.708 0.003344 26.490

M 0.000328 0.000442 17.420 19.091 0.003357 0.003313 26.710 26.254
HT2* | 0.000345 20.085 0.004494 28.327

HT3* 0.000436 19.685 0.002924 25.126

HT4* | 0.000664 22.287 0.003715 28.823

1B1* 0.000621 13.614 0.003083 21.293

1 B2** 0.000477 15.499 0.002913 20.619

1B3* 0.000564 13.448 0.003640 23.265

| B4** 0.000594 14.789 0.002117 20.134

11" 0.000241 0.000516 14.350 15.106 0.002944 0.002767 21,629 21.103
| T2** 0.000470 15.008 0.002648 20.043

173" 0.000653 16.822 0.001415 19.451

1 T4* 0.000513 17.317 0.003372 22.392

* Mold face contacts with major span rollers

.** Machine face contact with major span rollers
All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control
D = 0OP30
G = RHA20

B:
E=
H=

OP10
OP40
RHA30

C=0P20
F = RHA10
I = RHA40




M1l v.3 (0)

.

106

Stress Relationships Weight (g) w Avg. w
Sample TI+T2+T3+T4 T1+T3 B1+B3
B1+B2+B3+B4 T2+T4 B2+B4 M Ma %) (%)

G B1* 246.28 233.80 5.34

G B2** 247.62 233.62 5.99

G B3* 261.86 245.16 6.81

GT1* 286.74 270.18 6.13

G T2* 262.62 247.50 6.11

G T3 264.20 249.84 5.75

G T4* 273.52 256.98 6.44

HB1* 260.04 244 44 6.38

H B2** 256.92 240.64 6.77

H B3* 260.90 242.76 7.47

H B4™ 1.079 0.907 1.052 25344 23244 9.03 6.83
HT1* 265.58 249.70 6.36

HT2* 224.76 209.52 7.27

HT3* 271.40 257.06 5.58

H T4 285.70 270.04 5.80

1B1* 257.60 237.48 8.47

| B2** 255.20 237.24 7.57

183* 260.90 244.28 6.80

| B4** 0.979 0.968 1.093 257.08 241.92 6.27 7.91
1T1* 254.44 231.20 10.05

| T2* 249.88 235.48 6.12

173" 254.80 230.84 10.38

1 T4** 223.30 207.42 7.66

* Mold face contacts with major span rollers

** Machine face contact with major span rollers
All samples were failed inside central third span
Tested in accordance with BS EN 1170-5: 1998

A = control B = OP10
D = OP30 E = OP40
G = RHA20 H = RHA30

C = 0P20
F = RHA10
I = RHA40
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Age of " . Span
Date Sample Dimension (mm) length, | Aioe Frop Avor Fuor
Sample L
Casting | Testing (Days) b d | (mm) (mm) (N) (mm) N)
14 Sep 12 Mar
AB1* 07 08 180 50.0 9.2 225 200 0.25 276.95 2.59 505.39
14 Sep 12 Mar
A B2** 07 08 180 50.0 9.5 225 200 0.32 325.46 1.66 408.38
14 Sep 12 Mar
AB3* 07 08 180 50.0 9.4 225 200 0.31 316.06 2.18 424.03
14 Sep 12 Mar
A B4** 07 08 180 50.0 9.8 225 200 0.44 366.14 3.04 497.57
14 Sep 12 Mar
AT1* 07 08 180 50.0 13.2 225 200 0.43 613.36 1.52 938.82
14 Sep 12 Mar
AT2* 07 08 180 50.0 13.0 225 200 0.34 608.67 1.95 938.82
14 Sep 12 Mar
AT3* 07 08 180 500 [ 13.0 225 200 0.30 611.79 1.63 891.88
14 Sep 12 Mar
A T4 07 08 180 50.0 13.0 225 200 0.32 603.97 1.04 779.22
14 Sep 12 Mar
B B1* 07 08 180 50.0 9.5 225 200 0.24 370.73 1.71 463.15
14 Sep 12 Mar
B B2** 07 08 180 50.0 9.5 225 200 0.33 389.61 2.55 591.45
14 Sep 12 Mar
B B3* 07 08 180 50.0 9.5 225 200 0.21 384.91 1.99 567.98
14 Sep 12 Mar
B B4** 07 08 180 50.0 9.6 225 200 0.23 394.30 1.51 506.96
14 Sep 12 Mar
BT1* 07 08 180 50.0 9.5 225 200 0.43 369.27 1.64 499.14
14 Sep 12 Mar
B T2** 07 08 180 50.0 9.7 225 200 0.48 395.87 1.98 574.24
14 Sep 12 Mar
B T3* 07 08 180 50.0 10.0 225 200 0.30 458.46 1.62 608.67
14 Sep 12 Mar
B T4** 07 08 180 50.0 10.0 225 200 0.40 456.89 1.49 577.37
14 Sep 12 Mar
cB1* 07 08 180 50.0 9.0 223 200 0.17 283.21 1.60 355.19
14 Sep 12 Mar
C B2** 07 08 180 50.0 8.5 223 200 0.18 309.81 1.78 384.91
14 Sep 12 Mar .
CcB3* 07 08 180 50.0 9.2 223 200 0.15 400.56 1.75 583.63
14 Sep 12 Mar
C B4* 07 08 180 50.0 9.0 223 200 0.09 306.68 1.74 414.64
14 Sep 12 Mar
cT1* o7 08 180 50.0 9.0 223 200 0.26 323.89 1.81 408.39
14 Sep 12 Mar
cT2* 07 08 180 50.0 9.0 223 200 0.17 272.25 1.14 369.27
14 Sep 12 Mar
cT13* 07 08 180 50.0 8.7 223 200 0.16 303.55 2.39 402.13
14 Sep 12 Mar
C T4** 07 08 180 50.0 9.0 223 200 0.27 328.59 2.19 513.22
* Mold face contacts with major span rollers
** Machine face contact with major span
rollers
All samples were failed inside central third
span
Tested in accordance with BS EN 1170-5 :
1998
A = control B = OP10 C=0P20
D = OP30 E = OP40 F = RHA10Q
G = RHA20 H = RHA30 I = RHA40
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€iop Croe (MPa) EmoR Owmor (MPa)
Sample
Individual Avg. Individual Avg. Individual Avg. Individual Avg.

AB1* 0.000265 13.088 0.002797 23.884

A B2** 0.000350 14.425 0.001851 18.100

AB3* 0.000336 14.308 0.002406 19.196

ABA™ | 0000497 | oogoa42 | 15249 | 4200 | Q003497 | 500495 | 20723 | 50654
AT1* 0.000654 14.081 0.002355 21.552

AT2** | 0.000509 14.406 0.002976 22.221

AT3* 0.000449 14.480 0.002488 21.110

AT4* | 0.000479 14.295 0.001587 18.443

B B1* 0.000263 16.431 0.001907 20.527

B B2** | 0.000361 17.268 0.002844 26.214

B B3* 0.000230 17.060 0.002219 25.174

B B4** | 0.000254 17.114 0.001702 22.003

BT1* 0.000471 0.000365 16.367 17.210 0.001829 0.002051 22,123 23481
B T2** | 0.000536 16.829 0.002255 24.412

BT3* 0.000346 18.338 0.001902 24.347

B T4* | 0.000461 18.276 0.001749 23.095

cB1* 0.000176 13.986 0.001690 17.540

C B2** | 0.000176 17.152 0.001776 21.310

C B3* 0.000159 18.930 0.001890 27.582

C B4** | 0.000093 15.145 0.001838 20.476

cT1* 0.000270 0.000186 15.995 15.865 0.001912 0.001883 20.167 21488
CT2* | 0.000176 13.444 0.001204 18.236

cT3" 0.000160 16.042 0.002441 21.251

C T4** | 0.000280 16.227 0.002314 25.344

* Mold face contacts with major span rollers

** Machine face contact with major span rollers
All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control B = OP10 C = 0P20
D = 0OP30 E = OP40 F = RHA10
G = RHA20 H = RHA30 I = RHA40
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Stress Relationships Weight (9) w Avg. w

Sample TI+T2+T3+T4 TI+T3 BI1+B3

B1+B2+B3+B4 T2+T4 B2+B4 M Mq (%) (%)
AB1* 244.78 241.18 1.49
A B2** 249.48 246.24 1.32
A B3* 247.96 244.60 1.37
A B4 1.017 1.049 1.110 256.44 252.96 1.38 1.25
AT1* 353.90 349.12 1.37
AT2*™ 339.16 335.36 1.13
AT3 337.94 334.42 1.05
A T4 338.32 335.38 0.88
B B1* 253.74 251.88 0.74
B B2** 255.42 253.52 0.75
B B3* 250.82  248.90 0.77
B B4™ 1.001 0.978 0.948 264.12 262.18 0.74 0.82
BT1* 257.16 254.18 1.17
BT2** 271.54 269.36 0.81
B T3* 272.46 270.00 0.91
B T4** 251.76 250.12 0.66
C B1* 280.70 277.66 1.09
C B2** 247.56 245.12 1.00
C B3* 301.96 299.28 0.90
C B4** 0.978 0.950 1,080 235.00 232.50 1.08 0.99
CT1* 293.88 290.88 1.03
CT2** 304.54 302.02 0.83
CT3 284.82 281.56 1.16
C T4* 288.82 286.50 0.81

* Mold face contacts with major span rollers

** Machine face contact with major span rollers

All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control
D = OP30
G = RHA20

B = OP10
E = OP40
H = RHA30

C = 0P20
F = RHA10
I = RHA40
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a '
MINN V4 (7D)
Date SAas\;r?u;)lfe Dimension (mm) Ieggtahn L | Awor Frop Anor Fuor
Sample '
Casting | Testing (Days) b d | (mm) (mm) (N) (mm) (N)

14 Sep 12 Mar

D B1* 07 08 180 50.0 9.0 225 200 0.23 275.39 3.19 470.97
14 Sep 12 Mar

D B2** 07 08 180 50.0 9.0 225 200 0.18 303.55 1.68 384.91
14 Sep 12 Mar

D B3* 07 08 180 50.0 9.3 225 200 0.15 369.27 1.71 494.44
14 Sep 12 Mar

D B4** 07 08 180 50.0 9.5 225 200 0.10 383.35 2.29 549.21
14 Sep 12 Mar

DT1* 07 08 180 50.0 9.3 225 200 0.11 287.90 1.34 370.83
14 Sep 12 Mar

D T2** 07 08 180 50.0 8.9 225 200 0.10 226.88 1.74 325.46
14 Sep 12 Mar

D T3* 07 08 180 50.0 9.0 225 200 0.03 319.19 1.85 469.40
14 Sep 12 Mar

D T4** 07 08 180 50.0 9.5 225 200 0.03 398.99 1.49 550.77
14 Sep 12 Mar

E B1* 07 08 180 50.0 11.0 225 200 0.13 434.98 1.74 624.31
14 Sep 12 Mar

E B2** 07 08 180 50.0 10.0 225 200 0.13 301.98 1.51 417.77
14 Sep 12 Mar

E B3* 07 08 180 50.0 11.0 225 200 0.16 433.42 1.27 586.76
14 Sep 12 Mar

E B4** 07 08 180 50.0 10.0 226 200 0.26 292.59 1.28 366.14
14 Sep 12 Mar

ET1* 07 08 180 50.0 11.0 225 200 0.07 319.19 1.76 546.07
14 Sep 12 Mar

E T2** 07 08 180 50.0 11.0 223 200 0.22 408.39 1.12 566.42
14 Sep 12 Mar

E T3* 07 08 180 50.0 11.0 225 200 0.11 301.98 1.18 549.21
14 Sep 12 Mar

E T4** 07 08 180 50.0 11.0 224 200 0.19 397.43 0.98 528.87
14 Sep 12 Mar

FB1* 07 08 180 50.0 11.0 223 200 0.12 461.58 1.37 600.84
14 Sep 12 Mar

F B2** 07 08 180 50.0 11.0 226 200 0.21 466.27 0.58 535.13
14 Sep 12 Mar

F B3* 07 08 180 50.0° 11.0 226 200 0.18 522.61 1.26 636.83
14 Sep 12 Mar

F B4** 07 08 180 50.0 11.0 226 200 0.10 514.78 1.32 638.39
14 Sep 12 Mar

FT1* 07 08 180 50.0 11.0 224 200 0.14 489.75 1.63 660.30
14 Sep 12 Mar

FT12* 07 08 180 50.0 11.0 224 200 0.16 461.59 1.39 608.67
14 Sep 12 Mar

FT3* 07 08 180 50.0 10.0 224 200 0.11 436.55 1.93 596.15
14 Sep 12 Mar

F T4** 07 08 180 50.0 10.0 224 200 0.11 455.94 1.84 589.89

* Mold face contacts with major span rollers

** Machine face contact with major span

rollers

All samples were failed inside central third

span

Tested in accordance with BS EN 1170-5 :

1998

A = control B = OP10 C = 0P20

D = OP30 E = OP40 F = RHA10

G = RHA20 H = RHA30 I = RHA40
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€Lop Guop (MPa) Emor Owmor (MPa)
Sample
Individual Avg. Individual Avg. Individual Avg. Individual Avg.

D B1* 0.000239 13.600 0.003370 23.258

D B2* | 0.000187 14.990 0.001775 19.008

D B3* 0.000161 17.078 0.001867 22.867

DB4T | 0000109 | ggop122 | 16991 | 45499 | 0002554 | 55058 | 24342 | oy 33
DT1* 0.000118 13.315 0.001463 17.150

DT2* | 0.000103 11.457 0.001818 16.435

DT3* 0.000031 15.762 0.001955 23.180

D T4* | 0.000033 17.684 0.001662 24.411

EB1* 0.000165 14.380 0.002247 20.638

EB2** | 0.000150 12.079 0.001773 16.711

E B3* 0.000203 14.328 0.001640 19.397

E B4** | 0.000300 11.704 0.001503 14.646

ET1* 0.000089 0.000196 10.552 12.458 0.002273 0.001709 18.052 17.976
ET2** | 0.000279 13.500 0.001446 18.725

ET3* 0.000139 9.983 0.001524 18.156

ET4* | 0.000241 13.138 0.001265 17.483

F B1* 0.000152 15.259 0.001769 19.862

FB2** | 0.000266 15.414 0.000749 17.690

FB3* 0.000228 17.276 0.001627 21.052

F B4** | 0.000127 17.018 0.001705 21.104

Tt 0.000177 0.000176 16.190 16.514 0.002105 0.001772 21.808 21.137
FT2* | 0.000203 15.259 0.001795 20.121

FT3* 0.000127 17.462 0.002266 23.846

FT4* | 0.000127 18.238 0.002160 23.596

* Mold face contacts with major span rollers

** Machine face contact with major span rollers
All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control
D = 0P30
G = RHA20

B:
E=
H:

OoP10
0oP40
RHA30

C=0P20
F = RHA10
I = RHA40
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Stress Relationships Weight (g) w Avg. w

Sample TI+T2+T3+T4 TI1+T3 B1+B3

B1+B2+B3+B4 T2+T4 B2+B4 M. Mq (%) (%)
D B1* 235.62 232.90 1.17
D B2** 235.38 233.52 0.80
D B3* 260.62 258.30 0.90
DTt 235.24 232.84 1.03
D T2** 238.56 236.00 1.08
DT3* 216.98 214.40 1.20
D T4* 237.90 235.36 1.08
EB1* 241.60 238.90 1.13
E B2** 248.04 245.36 1.09
E B3* 244.22 241.84 0.98
E B4** 1.014 1.000 1.277 249.12 246.60 1.02 1.05
ET1* 237.84 235.45 1.02
ET2** 217.40 215.12 1.06
ET3* 248.98 246.28 1.10
E T4* 263.70 261.04 1.02
F B1* 288.80 286.08 0.95
F B2** 288.82 286.38 0.85
F B3* 289.20 286.36 0.99
F B4 1.121 1.045 1.055 284.44 281.08 1.20 0.90
FT1* 297.46 295.00 0.83
FT12* 291.42 289.12 0.80
FT3* 280.36 278.27 0.75
F T4** 284.20 281.93 0.81

* Mold face contacts with major span rollers

** Machine face contact with major span rollers

All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control
D = OP30
G = RHA20

B = OP10
E = OP40
H = RHA30

C =0P20
F = RHA10
I = RHA40
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Age of Span
Date Sample Dimension (mm) length, | Aoe Fror Amor Fmor
Sample L
. . (mm
Casting Testing (Days) b d | (mm) ) (N) (mm) (N)

14 Sep

GB1* 07 12 Mar 08 180 50.0 9.0 224 200 0.27 | 353.62 1.27 434.89
14 Sep

GB2** 07 12 Mar 08 180 50.0 9.0 224 200 0.29 | 352.06 1.66 452.19
14 Sep

GB3* 07 . 12 Mar 08 180 50.0 75 224 200 0.37 | 261.30 2.59 384.91
14 Sep

G B4* 07 12 Mar 08 180 50.0 9.0 224 200 0.15 | 32546 1.79 447.50
14 Sep

GT1* 07 12 Mar 08 180 50.0 10.0 224 200 0.23 | 372.39 1.07 480.36
14 Sep

G T2+ 07 12 Mar 08 180 50.0 10.0 224 200 0.11 377.09 1.49 483.49
14 Sep

GT13* 07 12 Mar 08 180 50.0 8.0 224.5 200 0.07 | 386.48 1.08 438.11
14 Sep

G T4* 07 12 Mar 08 180 50.0 9.0 224.5 200 0.05 | 386.48 1.74 535.13
14 Sep

HB1* 07 12 Mar 08 180 50.0 9.0 223 200 0.16 | 298.86 1.30 381.79
14 Sep

HB2** 07 12 Mar 08 180 50.0 8.5 223 200 0.20 | 303.55 1.40 394.30
14 Sep

HB3* 07 12 Mar 08 180 50.0 9.0 223 200 0.18 | 327.02 0.91 389.61
14 Sep

HB4** 07 12 Mar 08 180 50.0 9.2 223 200 019 [ 389.61 0.94 458.46
14 Sep

HT1* 07 12 Mar 08 180 50.0 10.0 224 200 0.21 389.61 1.18 477.23
14 Sep

HT2** 07 12 Mar 08 180 50.0 9.0 224 200 0.18 | 331.72 1.29 474.10
14 Sep

HT3* 07 12 Mar 08 180 50.0 8.5 224 200 0.22 | 309.80 1.09 383.35
14 Sep

HT4** 07 12 Mar 08 180 50.0 | 10.0 224 200 0.21 528.87 1.43 635.27
14 Sep

1B1* 07 12 Mar 08 180 50.0 9.5 225 200 0.22 | 32546 1.95 460.02
14 Sep

1B2** 07 12 Mar 08 180 50.0 10.0 225 200 0.11 364.57 1.16 460.02
14 Sep

1B3* 07 12 Mar 08 180 50.0 10.0 225 200 0.11 388.04 1.87 539.81
14 Sep

1 B4* 07 12 Mar 08 180 50.0 10.0 225 200 0.13 | 363.00 1.93 456.89
14 Sep

1T1* 07 12 Mar 08 180 50.0 9.0 225 200 0.15 | 270.69 1.49 334.84
14 Sep

1 T2* 07 12 Mar 08 180 50.0 11.0 225 200 0.15 | 403.69 1.66 536.69
14 Sep

173 07 12 Mar 08 180 50.0 | 100 225 200 0.17 | 341.10 2.47 547.64
14 Sep

1 T4* 07 12 Mar 08 180 500 | 10.0 225 200 0.28 | 405.26 1.64 610.23

* Mold face contacts with major span rollers

** Machine face contact with major span

rollers

All samples were failed inside central third

span

Tested in accordance with BS EN 1170-5:

1998

A = control B = OP10 C = 0P20.

D = OP30 E = OP40 F = RHA10

G = RHA20 H = RHA30 I = RHA40
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€lop Oior (MPa) EMoR Owmor (MPa)
Sample
Individual Avg. Individual Avg. Individual Avg. Individual Avg.

GB1* 0.000280 17.463 0.001342 21.476

GB2* | 0.000301 17.386 0.001754 22.330

GB3* 0.000320 18.581 0.002280 27.371

GB4* | 0.000156 0.000196 16.072 17.840 0.001891 0.001641 22.099 23.205
GT1* 0.000265 14.896 0.001256 19.214

GT2* | 0.000127 15.084 0.001749 19.340

GT3* 0.000065 24.155 0.001014 27.382

G T4** | 0.000052 19.085 0.001838 26.426

HB1* 0.000166 14.759 0.001373 18.854

HB2** | 0.000196 16.806 0.001397 21.830

HB3* 0.000187 16.149 0.000961 19.240

HB4* | 0.000201 18.413 0.001015 21.666

HT1* 0.000242 0.000204 15.584 17.050 0.001385 0.001283 19.089 2134
HT2* | 0.000187 16.381 0.001363 23.412

HT3* 0.000215 17.152 0.001088 21.224

HT4* | 0.000242 21.155 0.001679 25.411

1B1* 0.000241 14.425 0.002175 20.389

1 B2** 0.000127 14.583 0.001362 18.401

1 B3* 0.000127 15.522 0.002195 21.592

| B4** 0.000150 14.520 0.002266 18.276

11 0.000156 0.000189 13.367 14.452 0.001574 0.002067 16.535 19.906
| T2** 0.000190 13.345 0.002144 17.742

1T73* 0.000196 13.644 0.002900 21.906

| T4* 0.000323 16.210 0.001925 24.409

* Mold face contacts with major span rollers
** Machine face contact with major span rollers

All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control
D = 0P30
G = RHA20

B=

E=
H=

OP10
0P40
RHA30

C =0P20
F = RHA10
I = RHA40
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Stress Relationships Weight (g) w Avg. w

Sample TI+T2+T3+T4 TI+T3 Bl1+B3

B1+B2+B3+B4 T2+T4 B2+B4 M Mq (%) (%)
GB1* 254.70 253.12 0.62
G B2* 245.48 244.23 0.51
GB3* 209.38 207.62 0.85
G B4™ 0.990 1.018 1.099 235.12 233.70 0.61 0.85
GT1* 275.64 273.70 0.71
G T2* 273.22 270.78 0.90
GT3* 246.58 243.50 1.26
G T4* 267.12 263.62 1.33
HB1* 243.20 242.66 0.22
H B2** 245.92 243.56 0.97
H B3* 248.56 241.14 3.08
HB4™ 1.092 0.826 0.876 255.07 254.70 0.15 0.88
HT1* 278.48 275.38 1.13
HT2* 258.48 256.88 0.62
H T3 231.24 230.04 0.52
H T4* 275.28 274.36 0.34
1B1* 257.28 254.30 117
| B2** 259.82 257.08 1.07
1B3* 259.74 257.24 0.97
1847 1.025 0.912 1.145 251.04 248.96 0.84 0.93
1T1* 229.84 227.50 1.03
I T2* 276.16 274.44 0.63
173" 262.12 259.78 0.90
1 T4 271.86 269.70 0.80

* Mold face contacts with major span rollers

** Machine face contact with major span rollers

All samples were failed inside central third span
Tested in accordance with BS EN 1170-5 : 1998

A = control B = 0OP10
D = 0P30 E = OP40
G = RHA20 H = RHA30

C = 0P20
F = RHA10
I = RHA40
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