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A Study on Steel-Basalt Lined Composite Pipe

for Seawater Transportation in Vessel
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A study on Steel-Basalt Lined Composite Pipe for

Seawater Transportation in Vessel

Hee-Jong, YOON

Department of Marine System Engineering

Graduate School of Korea Maritime University

Abstract

In recent, the price of vessel have got higher and higher due to construct
a large size, specific purpose and enforce the international rules of stability.
So the vessels must be considered from the designing and building the
vessel in the shipyard what is the best way to operate maximum ratio
without trouble and repair.

The basic formation of this study is composed at first each characteristics
of a natural basalt and fused cast basalt, re-crystallization of cast basalt and
its properties, secondary the test way of fused cast basalt regarding
compressive strength, bending strength, hardness, absorbtion and neutral salt
spray test, thirdly the manufacturing process of fused cast basalt tube and
bend, fourthly the way of inserting the liner in the steel tube and mortaring
between steel casing and basalt liner, fifthly the characteristics of steel-fused
cast basalt lined pipe regarding the safety standard of mechanics, thermal
strength, temperature distribution of each cylinder wall, insulation test and
bending strength.

Steel-fused cast basalt lined complex pipe is developed by inserting the



basalt tube inside of steel pipe to protect the corrosion and abrasion of steel
pipe to transport seawater of vessel by protecting of direct touch seawater
to steel. Also fused cast basalt tube have a high chemical resistance and
anti-abrasion characteristics, so this pipe will be used without repair till to
her whole life.

Mortar for sticking of tube and steel pipe is also important to decide the
quality of complex pipe. Because steel pipe has a high toughness and
strength also fused cast basalt has a very high corrosion and abrasion
resistance, by complex together them.

This thesis have been studied to use seawater pipe line for the permanent
material with economic point and environment.

To apply this composite pipe in the vessel, during the design and
construction of vessel in shipyard it need a review the safety guard of
moment and radius, temperature distribution factors of each materials which
are steel, mortar and basalt liner, the heat stress due to it has a different
heat expansion coefficient steel and basalt liner, insulation resistance to check
the sea water flow out from the basalt liner and touch with the steel pipe,
bending moment due to it has a heavy weight and need the support bar at
the middle portion between distance line, and the test of impact on the
basalt liner due to it has a brittle.

From the experiment and study, the application of steel-fused cast basalt
tube at the sea water line will be expected to increase effective profit
balance of vessel due to without charge of management and maintenance

until her whole life.
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Fig. 1.1 Schematic illustration of steel-fused cast basalt lined composite basalt
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Table 1.1 The Korean patents road map of composite pipe

Technical classification

Year of
Application Composite pipe by metal lining | Composite pipe by non-metal lining
1984: Non-linear pipe of ceramic
> liner
o
g & [KR86-2026]
S8 1987: Composite pipe by ceramic
e plate bend lining

[KR93-1525]

IedA Jey) Ioye pue (gl Jo pouad v

1998: The structure of lining

pipe for plant
[KR98-10088]

1999: Repeat rolled stainless

pipe
[KR10-366250]

2000: The elbow is welded on
the inside surface by
resistance corrosion nickel

[KR01-111390]

2002: The elbow is welded on
the inside surface by

resistance abrasion alleyed

metal
[KR20-276989]

1990: Cast iron pipe coat with
epoxy resin and Silica sand
[KR92-8923]

1992: Resin lining method for
pipe internal surface
[KR95-12871]

1997: FRP coated pipe to apply
sulphur remove apparatus
[KR98-64995]

2000: Reinforced technique of
basalt tube
[KR10-394478]

2000 Mortar inserted apparatus
for basalt lined pipe
[KR10-394479]

2001 Cast basalt inserted pipe
[KR-10-290176]

_10_




Table 1.2 The foreign patents road of composite pipe

Technical classification

steel and outside layer
by carbon steel
[EP0399071]

Year of
Application Composite pipe by metal lining | Composite pipe by non-metal lining
1988: Double layer stainless 1980 : Cast Basalt tube lining
pipe elbow
[JP1215410] [GB2051281]
1989: Double layer pipe with 1985 : Cast basalt tile lining
> inside layer by alloyed elbow
9 metal and outside layer [GB2178500]
=5 by conventional metal 1988 : Double layer pipe with
2‘ [JP3163289] inside layer by powder resin
: 1989: Double layer pipe with and outside layer by
§ inside layer by stainless conventional metal

[JP119469]

1989 : Double layer pipe with
inside layer by fluorine
epoxy resin tube
[JP3149496]

TedA ey} Io)e pue
0661 30 pord v

1991:

1991

1994:

Double layer pipe with
inside layer by resistance
corrosion material
[EP4516967]

Double layer pipe with
inside layer by chrome
metal tube
[EP0492517]

Double layer pipe with
inside layer by carbon

steel and outside layer

by Cr-Ni-Mo-Fe alloyed
metal

[US5324595]

1995: Double layer pipe with
inside layer by resistable
corrosion epoxy resin and
outside layer by
conventional metal
[DE19514190]

1996: Polyethylene lining pipe
[US5992897]

1996: Double layer pipe with
inside layer by ceramic ball
mixed epoxy resin for
Sulphur removal apparatus
[JP9313923]
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Table 2.1 Icelandic basalt classified according to rock engineering properties

Structural/ Mechanical properites

Traditional Proposed Proposed"geotechnical”
field mapping of | legend on | filed mapping of basalts in i Common Cor'nm.on
icelandic basalts map iceland Scoria thickness of umaxm}
content R compressive
lava unit m strength?
Tholeiite, thin leyered, 5200
Thl (associated with 25~35 3~8 (150~300)
Tholeiite basalt centralvolcaneos)
Tholeiite, thick 200
Th ! 15~2 10~2
! (regional) 57201 10720 | 150~300)
Porphyritic basalt esp. 200
Pom |massive(phenocrysts>10%| 1~5 10~20 (100~250)
Porphyritic by volume)
basalt Porphyritic basalt
Pob (phenocrysts
200
<10%by volume) 3 ~
5~15 10~20 (100~300)
o Olt Olivine basalt
Olivine (Olivine tholeiite)
htoleiite s (f
f Compound lavas(from 100
(Olivine basalt) ol p ~ 20~
¢ lava shield volcanoes) 0~5 0~80 (80~140)
Table 2.2 Density of basalt
Classification of basalt Density(g /)
Compact basalt 2.8~3.0
Vesicular amygdaloidal basalt 2.6~2.7
Basaltic breccia 21~2.4
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Volcano built up
. 3:3) of ash and lava
Extrusive

lava flow

AN

Local melting of mantle at base of crust

Mantle

Fig. 2.1 Schematic illustration of Magma and lava flow

Photo 2.1 Lava flow
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Table 2.3 One axis compression strength of basalt

Classification of basalt Compriszi:)ar;ts(t;:r)lgth of
Compact basalt 100 ~ 250
Vesicula amygdaloidal basalt 50 ~ 100
Baaltic breccia 25 ~ 50
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gt WIAAND L] HAAFANPLR FIoh. T FFSY FoiFeol H
(Poisson’s ratio)v X% 0.15~0.258 ¢ Wl 4.
AT AT AFATe T2 FFEC wet A3 ¥,

Table 249 £§9 72 272 Yepdoh

Table 2.4 Elasticity and modification coefficient of basalt

Coefficient of Coefficient of

Slesstfemiem off Leel: elasticity (GPa) modification(GPa)

Compact basalt 40~70 20~25
Vesicular amygdaloidal basalt 20~40 10~15
Basaltic breccia 10~20 0.5~10

) AGAZ=

A7 Aed= O F3=d met ofF AolstH, AA Z4 A dF A
A =s TdA Bds HEW Table 259 &t
Table 2.5 Shearing strength of basalt
cp s . . Power of
Classsification of basalt Angle of friction .
adhesion (MPa)

Compact basalt 45°~60° 0.5~1.5
Vesicular amygdalodial basalt 40°~50° 0.5~1.5
Basalt breccia 35°~40° 0.5~1.5
Discontinuities 30°~50° 0~1.0
Clay infilling 20°~25° 0~0.1
Clay infilling (residual) 15°~20° 0~0.01
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Table 2.6 Absorption coefficient of basalt

ffici f
Classification of basalt Coe ?c1ent °
absorption(cm Aec)
Compact basalt <107
Vesicular amygdaoidal basalt 107~107
Basaltic breccia 10~10™
Discontinuity 10%~10™

_21_



o
wir

gl
3r

—

o

w

Table 2.7°) 4 €}

T

=2
T 3«

3

I

el

0

N
"

Tor

)

S

=

sbuel, 5%,

Aol

T

1

22 A4Y

]

I
find

[e)

ol
)

(slag), 1813 W=

<)

el
10°

Bo

w

=]

5

= °F 1,250~1,350C °]t}. o]

AN gg=W, 1 2= o

3] o

8~15cm=

L

o A7|=

=
=

R s

3

Ev ¢ 1,200C2 43} =7 (homogenizing drum)ol| %7

"ok o714

2

I

)4
Z (open hearth furnace)®} A}
%(loading or charging shaft)Oﬂ 9]

]

S
«

i
‘_Of
o|)

o
oo

o] A A

ﬂl

fuze]
Ho

%

A4
st
o))

KO

oy

o}
o

Hin

olJ
o

_22_

e,

/\]—o

[e)

T



Table 2.7 Chemical composition of the industrial fused rocks (wt.%)

State | France |Germany USS.R Czech Poland | Germany

Enter- - Kalen- Krivoj | Stara | Nova | Stara- Eis-

prise iy omm | ATEE| REmE S Rog Voda | Bana |chowice| leben

Rock | Basalt | Basalt | Basalt | Gangue | Diabase | Basalt | Basalt | Basalt Slag

Chemical analysis

510, | 42.80 44.70 49.85 49 47 | 4548 |46.13 | 44.97 47.25

TiO; 3.63 1.00 2.49 - 1.10 | 3.60 1.43 0.80

AlLO; | 11.02 11.92 | 12.45 20 14 | 11.67 |11.34 | 14.34 16.88

Cr203 - - - - - - - -

Fe O3 | 6.26 3.04 3 555 | 4.36 4.31 0.11

16.56- 9

FeO 7.04 11.02 12 710 | 7.30 7.14 3.72

MnO - 8.47 0.22 - -1 026 0.20 0.30 0.46

MgO | 10.04 10.45 6.00 10 9| 10.14 | 1043 | 10.38 7.53

CaO | 11.12 9.80 13 12 | 10.14 | 10.00 | 11.11 18.35

Na,O | 257 2.69 2.02 | 3.55 2.97 1.6

5.06 25 4

KO 1.79 0.66 117 | 210 1.70 3.14

H,O

110C 0.40 0.63 - 1.00 - - -

1.34

H>O

+110°C 2.73 1.53 - 2.40 - 1.03 -

P>0s 0.68 - - - 1.30 | 0.92 0.33 0.50

CO, 0.20 - - - - - -
100.28 | 100.00 | 100.38 103.5 101 | 99.09 [ 99.93 |100.01 | 100.44
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Photo 2.5 Monoclinic pyroxene automorphic crystals (x295)
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Photo 2.6 Partially skeletal evolution of magnetite (x245)

Photo 2.8 Partially skeletal crystal of monoclinic pyroxene (x470)
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Photo 2.11 Dendritic grows of monoclinic pyroxene (x116.7)
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Photo 2.12 Microphotograph of alkali olivine basalt

(a) Basalt tile (b) Basalt pipe

Photo 2.13 Secondary spherultic crystallization of the surface layer

e Vit

(@) Relic olivine grains (b) Detailed view of the
cumulated at the contact of boundary zone

the inner portion

Photo 2.14 The primary crystallization (to the right) and the secondary

spherulitic crystallization layer
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(a) Inner Zone

Photo 2.15 Primary crystallization of Slapany basalt tile

)

(@) Inner of tile (b) Inner of tube

Photo 2.16 Directionless texture of primary crystallization of Slapany basalt

Photo 2.17 Spherulitic texture of secondary crystallization of the surface

of a Slapany basalt tile
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(b) Pipe

Photo 2.18 Primary crystallization character on the surface layer (x17.25)

(a) Tile

(b) Pipe

Photo 2.19 Secondary crystallization on the surface layer (x17.25)
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Table 2.8 Temperature intervals of crystal phases of laboratory

crystallization of alkali olivine basalt of Slapany

Magnetite 1,259~750C
Olivine 1,180~1,145C
Rhombic pyroxene 1,175~750C
Plagioclase feldspar 1,155~900C
Monoclinic pyroxene 1,150~1,000C
Monoclinic amphibole 1,145~1,000C
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Fig. 2.1 Crystallization course of Libochovany alkali olivine glass in

Legend:

Legend:

gradient boat within the temperature gradient of 1,300-600C

1- Magnetite segregation starting

2- Sudden increase of magnetite crystallization

3, 4, 5- Beginning of segregation of monoclinic pyroxene, plagioclase and
monoclinic amphibole

6- Beginning of massive segregation of pyroxen, plagioclase and amphibole

7- Olivine segregation starting

8- Massive submicroscopic in the cross section of the wall of a Nova Bana
basalt pipe(temperature in )

a- Inner surface layer of primary crystallization

b- Inner portion of primary crystallization

c-outer surface layer of secondary crystallization
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Fig 2.2 Schematic cross section of the wall of a pipe made from
the alkali olivine basalt of Nova Bana(Slovakia)

Legend: 1- Inner surface of primary crystallization displaying spherulitic texture
made by monoclinic pyroxene and magnrtite crystallization centers of
spherulities. Darc mesostasis is residual glass; little spherical bubbles
appear at the inner surface of the pipe.

2- Inner portion of primary crystallization displaying the directionless
texture is composed of column-like crystals of monoclinic pyroxene,
dendritic olivine (not shown) and of residual olivine grains which are
cumulated along the outer zone of secondary crystallization.

3- Outer surface layer of secondary crystallization in its inner portion build
by rhombic pyroxene spherulites with magnetite crystallization centers.
Its outer portion is glass with spherulite streaks which are parallel with
the surface of the casting; close to the surface are spherical bubbles.

Contact with the inner portion of primary crystallization is sharp.
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Table 2.9 Correlation of technological parameters of natural and

recrystallized basalt of Slapany

Classification Slapany natural | Crystallized basaltic
Property basalt castings
Specific gravity ke/m' | (93.040)  3.017~3.057| (£2.97) 2.934~3.010
Abrasivity i /50ar| (262)  5.66.6 | (9438) 3.96~4.92
Wear resistance i (9143) 139~177 | (¢ 99) 83~109
Compression strength| WP (¥ 250) 62~318 | (¥ 350) 309~483
Bending strength MPa (¢28.8) 16.5~35.1 | (¢50) 48~64

Chemical resistance

Decrease wt. %

Decrease wt.%

HCl
H,S0,
NaOH

20.2% 108C

70.0% 170C

1.0% 100C

38
24
2

22
8.7
1.5
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Table 3.1 Chemical components of basalt[*l

Component| SiO; | TiO; | A1O3

Fe203

MgO

CaO KO

P.P.P

Ratio(%) | 45.8 | 226 | 11.5

11.8

11.4

10.5 1.17

0.4

Table 3.2 Analysis of basalt minerals by polarization microscopel®!

Classification of mineral

Ratio(vol. %)

Quartz

tr

Feldspar

51

Muscovite

Biotite

Garnet

Pyroxene

26

Apatite

tr

Epidote

tr

Amphibole

13

Sericite

Opaque mineral

9

Chlorite

Limonite

tr

Calcite

Sillimanite

Spane

Clays

Tourmaline
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Photo 3.1 Cross nicol of basalt by polarization microscope (x100)

Photo 3.2 Open nicol of basalt by polarization microscope (*100)
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Table 3.3 Mechanical properties of fused cast basalt!*’]

Hardness Mohs hardness 8
Compressive strength 300~450MPa
Bending strength 45\Pa

Density

2,900~3,000kg/ m'

Coefficient of thermal expansion

8x10°/C (0°C~100C)

Coefficient of thermal expansion

9x10°/C (100°C~400C)

Coefficient of heat conductivity

1.9~2.2 W/(mC)

Elastic modules 110MPa
Melting point 1,200C
Insulation resistance 10G 2
Vickers hardness(ISO409-1) 700~800 Hv
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Fig. 3.1 Schematic of bending strength test

Photo 3.3 Test method of bending strength
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Photo 3.4 Test method of compression strength
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Table 3.6 Test Conditions of neutral salt spray test

Item Preparation Test
Density of NaCl (/1) 50+5 50+5
pH 6.5 6.5~7.5
Quantity of spray (ml/80 cm'/h) 1.5+0.5
Temperature of test vessel (C) 35+2
Temperature of salt water tank (C) 35+2
Temperature of saturated air (C) 47+2
Compression of compressed air (kPa) 70~167

Photo 3.5 Test method of neutral

_63_
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Q

O,

: An angle of 136° between opposit faces of a right
pyramid with a square base

F(N) : Test load(N)
D(mm) : Average length of between di and d

Hv _ Zestload
v Suriaceareao/impactedportion x Consiant
i, &
0.102 = 7 ~(.1891 e

_ ]l ee—=] &
Constant= 2, — 9.80665 ~(.102

Fig. 3.2 Principles of Vickers hardness test

Photo 3.6 Test method of Vickers hardness
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Room temperature
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—O— Specimen 2

—/\— Specimen 3

—X/— Specimen 4

—O— Specimen 5

—<¢— Specimen 6

1.0 A

0.8

«©
S

<
IS}

(#1) peon

0.2

0.5

0.4

0.3
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Fig. 4.1 Test results of bending strength at room temperature

Temperature 200°C
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.2 Test results of bending strength at 200C
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Temperature 300C
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Fig. 4.3 Test results of bending strength at 300C
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(a) Before test

(b) After test

Photo. 4.1 Photo of specimen before/after
salt spray test
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Fig. 4.9 Casting mold of basalt tube

Blind

flange

Fig. 410 Casting mold of basalt elbow
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Photo 4.2 Casting of melting basalt

Photo 4.3 Basalt tube
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Fig.4.12 Pumping of mortar between steel and basalt pipe

between steel and basalt elbow

Fig.4.13 Pumping of mortar
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Photo 4.4 Adjustment of clearance between

steel and basalt tube

Photo.4.5 Upper blind plates
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Photo 4.6 Developed steel-fused cast basalt lined

composite pipe and elbow
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Photo 4.8 Strain rosettes on the steel-fused cast basalt lined composite pipe
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Photo 4.9 Bending test of the steel-fused cast basalt lined composite pipe
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