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A study on the characteristics of cold formed and
heat treated bulkhead of chemical tanker
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Chemical Tanker®] HA ¥ &% F99 Transverse bulkhead®t Center bulkhead:= A A<
TEHALSY bucklingel Wd ZE B UROZ steel plateS VAT Aoz HIZsd
corrugation type2 2 A Z ¥t Steel plated] B3I thy 2o 719t jigs F2AT T steel
plate $1°l 202 7}t lineg wel 7}gtete] o]FojX k. UukA © 2 coruugated bulkhead A=<
H 3 steel plate BFZ+2 110 °ol F&uZE L2 I00RS 7|E o2 AFA

100Re] =& W73& 2+ corrugated bulkheadE A&7 Y8l A & steel plated] o2 7He] 71t
linee X2 7H¢} jigg ol&sted S Jlgstolol slmz Be JEAS/ ARg. maly
corrugated bulkhead®] & W73& 40REZ WA AFA & 79 719} linewte Z3 13 Jigte
2 Q73+ 40RY F& W3S ZE corrugated bulkhead plate® Q& 4 gong QAA A
EFHE 7I9E 5 o

m2kA E 3o M= corrugated bulkhead plate®] & 94 S 40R AZSHYL Ao HZH steel
plate7t zt= EA43% 84 g Fol ruled LTS A ZHS A9 dyuol So o
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2.1 AlEHN

2 Al@o Atgd ZAl= Chemical Tankerd]l 4¥rd oz ALg3dtE MAL ZAS A grade
(mild steel)®} AH-32 grade(higher tensile strength steel) Z A& o] &3dtg o sstzA3 7143
A& Table 1, 29 ),

Table 1. Chemical composition of the test plate(wt%).

C Si Mn P S Al | Cr | Ni | Mo | Cu Nb
A grade 015 ] 023 | 0.82 10.017| 0.014 10044 | - - - - -
AH grade | 0.16 | 0.24 | 145 0.014] 0.007 | 0.54 {0.02] 0.02 |0.024] 0.12 | 0.004

Table 2. Mechanical properties of the test plate.

Yield strength |Tensile strength| Elongation |Impact value| Hardness

(kg/mz) (kg/mr) (%) n (Hvl, 15s)
A grade 28.9 46.3 32 150 145
AH grade 39.7 55.5 23 150 184
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AR A ALEE 287 SU8A T8 O0RE ALY &, AT @& 7= A 2
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Table 3. Heat treatment condition for cold formed area.

Heating temp.|As cold formed| 250TC 600°C 600 700C 700C
Holding time - 1 hr 1 min 10 min 1 min 10 min

Heating temp.| 600°C & 250C | 700C & 250°C
Holding time lmn&1hr | 1mné&lhr
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AR Ae $ANAAAE AT line® 71202 W o} ImmolA AN sksih
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Fig. 1 Sampling of Charpy V-Notch Impact test specimen.
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Fig. 2 Microstructure of grade Fig. 3 Microstructure of grade ‘A’

"A’ steel plate. steel plate with cold formed.
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2.5
Fig. 4 Microstructure of grade Fig. 5 Microstructure of grade 'AH’
'AH’ steel plate. steel plate with cold formed.

Table 4. Mechanical characteristics of cold formed plate compare with as rolled one.

As rolled condition Cold formed condition
Yield st. |Impact value{Hardness|Tensile st.|Impact value{ Hardness(Hv1)
(kg/mmr) D (Hv1) (ke/mr') 4D A1 F |3
A grade 46.3 150 145 55.2 100 188 | 159 | 186
AH grade 555 150 184 62.8 18 227 [ 195 | 223
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Table 5. Notch toughness of cold formed plate after heat treated.

= :
eat treating 950C 1hr | 600T lmin 600°C 10min 700°C 1min
condition

Impact value(J) | 70.2 39.2 29.4 | 103.0 84.3 79.4 | 1294 107.8 150.0 | 107.8 150.0 119.6

Heat treating | 250+ 10min [600T Imin & 250C lhr| 700C lmin & 250°C lhr
condition

Impact value(]) |{108.8 98.0 108.8 1205 76.4 91.1 126.4 150.0 1254
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Fig. 6 Heat treated with 250Cx1lhr Fig. 7 Heat treated with 600Cx1min
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A, A grade steel2 FZAF] rule?) 87 & UEHEZ ALEANY EAFLE oy AH
grade®} #Z2 1A HZol 7oA

Z A gol dA3A AdtE FEAIHE 3t /‘}%0}* o] v}
g3 Ao vy a3y B4 FJ2S AT dAF AATE AT Al E 2l Eo] &
R E B corrugated bulkhead® F&WH L 100R FELE FAGE Ao vlEFAE Ro=E Huad
o},
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(1] “Metals Handbook”, Vol-1,4. 8th edition ASM.
[2] “Guide line for strain ageing testing of corrugated bulkhead”, DNV Rule.
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Fig. 8 Heat treated with 600Cx10min Fig. 9 Heat treated with 700 Cx1min
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Fig. 11 Heat treated with 250 Cx1lhr
after 600C x Imin
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Fig. 12 Heat treated with 250C x 1lhr
after 700C x 1min



