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Studies on the Effect of Initial Deformation in Ship
Structural Elements on Their Strength

SUMMARY

1. Introduction
. With a view to .making an investigation into the effect of imperfection such as initial deformation
and residual stresses of hull member exerting upon the hull strength, the Research Subcommittee 127 of the Ship-
building Research Association of Japan, extending over four years since 1971, carried out an investigation into
the imperfection in regard to actual ships built in recent years, and made an analysis of their actual condition,
and also conducting extensive tests on the relation between the cause of occurrence of imperfection of hull
member and the construction method, as well as on the correlation between the imperfection of hull member and
~the strength of the member, and adding a theoretical study thereto, carried out a comparative study with the steel
shipbuilding quality standards which are provided at present for the quality standards of fabricated hull member,
i.e. the Japan Shipbuilding Quality Standards (J.S.Q.S.).

In this study, an outline of each study is given. And, for further details, please refer to the relevant chapter of

this report in which they are fully described.

2. Study on the initial deformation of hull member
2.1 lnvestigatioh into the initial deformation of hull member
In order to grasp quantitatively the recent actual records of initial deformation of the main structural
member consisting of hull construction, the initial deformation of the principal member of ships of recent
build or under construction was measured. The measurement was made in the four years from 1971 to 1974 at
28 shipyards, and the number of data thus collected amounted to such a massive quantity .of over 30,000.
Those data were summed up by electronic computers, and added with statistical studies, and then the actual
condition of distribution of the initial deformation was investigated. As the result, approximately such a
. conclusion was obtained as in the following.
(1) Distribution of initial deformation
In the first place, as a trend in general, when the initial deformation investigated this time is compared
with the allowable limit of deformation of the J.S.Q.S., the former indicates a slight greater value than the
latter but not much as expected. This fact is considered to be attributable to the trend towards enlarging
size of ships in recent years. Secondly, as to the member consisting of thin plates, since heat treatments
such as line heating spot heating etc., are made as the work of removing the deflection after welding, it was
naturally found that there exists a difference in the trend of distribution of the initial deformation,
between such member and the member not carrying out the heat trcatments.
(2) Effect of the size of member
a)  Panel member: The member where thick plates are used such as the shell and upper deck, the unfair-
ness of plate is apt to decrease somewhat according to the increase of plate thickness. However, in the
superstructure where the plates of about 10 mm are used, the effect of plate thickness exerting upon the
deflection of unfairness.
b)  Girders and stiffeners: As to the lateral deformation of the frame web, the effect of the web depth is
-1 =



not conspicuous but rather the effect of the plate thickness of the web is greater. Though the kink
deformation of the face plate indicates the value two to three times greater than the kink deformation
due to fillet welding of the panel member, it is considered to be attributable to the both ends of the face
being free from restraint.
(3) Mode of the unfairness of plale
The panels measured this time are of aspect ratio-2.0 and 5.3, and from this result, it has become clear
that the following relation exists between the aspect ratio and the unfairness of plate.

a) In case the aspect ratio is great, the form of deformation has a great effect of the term of higher
order. And, having the effect of even number of terms, it is apt to become asymmetric fore and aft.

b)  However, even in the case of the odd number terms alone, when the coefficients of up to the 7th
term are used, a comparatively good approximate value can be obtained in the case of a greater aspect
ratio.

2.2 Gas heating deflection removing process
In the welded structures, a gas heating deflection removing process is widely employed as a method to
remove the deflection generated by welding work. This method is based mainly on the individual experiences
so far acquired, and each shipyard adopts its own method different from those of other shipyards. Therefore,
in this study, aiming at establishing a gas heating deflection removing method to be applied, the following
extensive tests were conducted, and a theoretical study was added.
(1) Tests in laboratory
Various kinds of welded panels were prepared by making the steel plates of 4.5, 6.0 and 9.0 mm thick,
and the fundamental tests were conducted relating to the various deflection removing processes, and studies
were carried out about the heating temperature, heating position and cooling method necessary for the
deflection removing work. As a result, the following conclusion was obtained.

a)  When the area more than 40 mm distant from the stiffener is heated, whatever heating and‘cooling
methods are applied, a kink of plate occurs along the line of heating. Therefore, for prevention of occur-
rence of such plate kink, the vicinity of the stiffener should be heated.

b) As a method for removing the deflection of a panel having concave type deformation which was
tested this time, the most effective method is a water cooling method from back side of the plate. This
method is intended to generate angular deformation in the vicinity of the stiffener, and from the same
view point, the low temperature heating, i.e. a 600°C air cooling method is also effective. The next
effective method is a method to heat the back side surface of the stiffener. It is rather utilization of the
in-plane shrinkage and the high temperature heating of about 900°C.

(2) Initial deflection removing tests in actual ships
The initial deflection removing tests were carried out on the deck and wall of superstructure of actual
ships and the heating and cooling conditions, heating position and heating procedure were studied. Those
tests were carried out also about the continuous panel other than a single panel. As a result, the following
basic guideline was obtained for removing of the initial deflection in actual ship’s panels.

a)  As for removing of the deflection of the concave type panel, it is most effective to generate angular
deformation in a part of the stiffener. And on the contrary in the case of the convex type panel, the
line heating of panel part is effective.

b)  As for the continuous panel combined with the concave and convex type panels, it is better to carry
out relieving of the deflection from the convex type panel. As to the sequence of relieving procedure of
the deflection from such continuous panel, it is effective to carry out removing of the deflection from

the centre panel by taking into consideration the effect on the adjacent panels.
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(3) Effect of the residual stress distribution upon the deflection relieving
Firstly, the investigation was made regarding the effect upon the efficiency of the deflection relieving in
the case of existence of residual stress in the welded panel and in the case of the stress already relieved. As
a result, it was found that the efficiency of the deflection relieving differs greatly according to the existence
or non-existence of residual stress. Further, as a result of the investigation into the relation between the
local line heating of panel part and the residual stress, it was found that the heating in the direction of 45°
against the stiffener by avoiding the principal stress direction is effective in the case of the local line heating
of panel part for relieving of the deflection of the convex type panel.
2.3 Quality standards of panel deflection from the view point of appearance
In this study, as to the allowable limit of panel deflection in appearance, namely from a view point of not
ugly appearance, the tests were conducted by changing variously the degree of brightness, light source angle,
gloss, etc. on the panel having initial deformation, and by the judging staff of various occupations.
The quality standard of deformed panel in appearance was prepared from the results of those tests. In
addition, the study was carried out about the modification coefficient on the observational deformation due

to illusion. -

3. Study on the relation between the initial deformation and the structural strength of hull
member
3.1 The compressive strength of plate with initial deflection
-In this study, for the purpose of establishing the allowable limit of the initial deformation due to fabrica-
i tion from a view- point of strength, the statistical approach on the strength of deck plate and trans ring web of
tankers, haveing initial deformation at residual stresses as well as the statistical external forced applied to the
plate elements, had been studied by using statistics of extremes at reliability analysis, at finally the probability
- of failure of deck plate with initial deformation for the tankers more than 100,000 DWT were obtained on the
basis of probability of failure of existing tankers less than 100,000 DWT.
As a-result, the following conclusion were obtained.

a) It is found that the allowable limit of initial deformation of plate listed in the present J.S.Q.S. are
reasonable when s/t < 40, however for s/t > 40 and especially for the case where residual stresses exist,
more severe regulation may be required.

b) The allowable limit of deformation of the transring web should be considerably strict in case the work-
ing load is of compression alone. However, in case of transverse strength member, most of the member are

“subjected to combined load, so that when those points are taken into consideration, the J.S5.Q.S. allowable
limit of deformation is considered appropriate.

c) This time, the allowable limit of deformation of plate was studied on the basis of the probability of
failure, however there are various problems ensuing from the reliability analysis, so that those problems
were picked up for the future task of study.

3.2 Initial unfairness due to welding and the strength of flat plates
In this study, mainly for the purpose of investigating the effect of the initial unfairness upon the rigidity
and strength of structural components, the following extensive tests were conducted. In addition, an elastic
plastic large deflection analysis was carried out by using the finite element method, and theoretical results
were compared with the test results.
(1) Rigidity and strength of square plates simply supported
Of the square plate simply supported, three kinds of tests of compression, simple shear and bending were

conducted, and theoretical studies were also carried out. As a result, the following conclusion was obtained.
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(a) Compression test

a)  The test results were in very good coincidence with the results of elastic plastic analysis of the
finite element method.

b)  The rigidity is decreased by the initiai deflection and residual stress. And, the greater the initial
deflection, the more the final strength is decreased. The decrease is more remarkable when the plate
thickness becomes greater.

¢) The effect of residual stress and the effect of initial deflection cannot be superposed in general,
however there are many cases in which the ultimate strength is much decreased when the welding
residual stress is added to the initial deflection.

(b) Simple shear test
The rigidity is decreased by the effect of the initial deflection, however the ultimate strength is
scarecely affected by the initial deflection.
(c) Bending test
The internal rigidity is decreased by the effect of the initial deflection, and the ultimate strength is
also decreased, however the decrease is small as compared with the case of compression. And, the
decreasing rate is more remarkable when the plate is thicker. |
(2) Ultimate strength of .rectangular plates of simply supported

Theoretical analysis was carried out about the case of the plate of aspect ratio 2.0 subjected to com-
pressive load, and the following conclusion was obtained.

The ultimate strength in the case of small initial deflection is the same as the case of the square plate.
However, when the initial deflection becomes greater, the decrease of the ultimate strength is more remark-
able than the case of the square plate.

(3) Strength and rigidity of girder

With the object of investigating the effect of the initial deflection and welding residual stress on the
rigidity and strength of a girder, tests were carried out in the following three cases, i.e. bending, shearing,
and bending and shearing load. And the ultimate strength analysis of a girder was carried out by the finite
element method. As a result of the comparison between calculation and the test results, approximately the
following conclusion was obtained.

(a) Bending test
As to the ultimate strength, the test results and the theoretical calculation indicated nearly good
agreement with each other. Though the ultimate strength of the girder somewhat decreased due to
the initial deflection of the web, the effect of the residual stress on the ultimate strength of the girder
was hardly recognized so far as observed by the test. Further, the ultimate strength as a girder is con-
sidered to be almost equal to the sum of the ultimate strength of the web and the flange, respectively.
(b) Shear test
As to the ultimate strength, the test results and the theoretical calculation showed a good agreement
with each other, and the ultimate strength of the girder having the initial deflection of the web is very
small within the limits of the test error. The effect of the residual stress on the ultimate strength of the
girder was almost nothing so far as observed by the test. On the contrary, due to the residual stress, there
was a case in which the ultimate strength became higher. The ultimate strength of the girder is not the
sum of the strength of web and the flange, but it seems to be affected by the strength of the flange
considerably.

(¢) Bending and shear test
As to the ultimate strength, the test results and the theoretical calculation indicated a good agree-
ment with each other, and the effect of the initial deflection and residual stress on the ultimate strength
—4_



could not be recognized largely.
3.3 The strength of girder with initial deformation
For the purpose of investigating the effect of the initial deflection of girder on its strength, as to the scale
-model of the bottom transverse girder of a tanker, tests were conducted of the similar model of a real ship,
as well as of the model with a changed size of the web and the flange. As a result, approximately the following
conclusion was obtained.

a) In case the initial lateral deformation of the flange is large, the axial compressive strength of the flange
is remarkably reduced, while on the other hand, in the case of small initial deformation of the flange, the
flange has compressive strength nearly the same as the full sectional yield load.

b) In case the web is a thin plate, the decrease of the ultimate strength of the girder due to the initial
lateral deformation of the flange, is not much, however in case the web is a thick plate, the ultimafe
strength of the girder is greatly decreased.

c)  As to the unfairness of the web, likewise the case of (2), the effect is small in the case of the thin plate,
and large in the case of the thick plate.

d)  The decrease of the ultimate strength of the girder is remarkable in the case of coexistence of the lateral
deformation of the flange and the unfairness of the web, and it is almost equal to the sum of the decreasing
rate of each case.

-e)  When the allowable limit of deformation described in the J.S.Q.S. is examined by the test results of this
time, there is a considerable allowance in the strength in case where the web is thin. However, in the case of
“a'thick plate, the effect of the initial deformation being considerable attention should be given.
3.4 The strength of columns with initial deflection

As for the strength of the column having initial deflection, the extensive tests and numerical analysis were

carried out about the strut of a tanker; and the effect of the initial deflection of the strut upon the strength

of column, and the comparison these values with the allowable limit of deflecion of the J.5.Q.S. were studied.

As a2 result, a conclusion was obtained as in the following. '

(1) Compressive strength of real ship type strut in weak axis
a)" The test results of this time, and the calculation results by using the programme of elastic plastic

finite deformation analysis, and the calculation by the Timoshenko Theory, all of which indicated farly
good agreement with onc another. From those results, a difference of the compressive strength due to
the shape of the initial deflection was not recognized.

b)  Even if the initial deflection of 1/100 of the column length exists, the decrease of strength is only
about 10%. From such results, the decrease of strength due to the initial deflection of the strut of a
tanker as to real ships is estimated to be small.

¢) In case the strut has such thickness as not liable to cause any elastic local buckling, or ribs are
arranged so as not to causc any lateral deformation, it has become possible from the tests and analysis
results of this time to evaluate the strength of real strut in ships, as well as to estimate the effect of the
initial deflection. )

(2) Compressive bi-axial bending strength of the column with initial deflection
a)  The eccentricity decreases the column strength somewhat more than the initial deflection does.

However, there is not so much difference between the both.

b)  The strength ratio to the full plastic axial force is decreased according to the increase of the initial
deflection.

¢)  Both of the initial deflection and the compressive residual stress decrease the column strength.
However, the cffect upon the decrease of the column strength in case of superposing of the both, is
smaller than the sum of the effect of the case of each alone.

_5_



(3) Allowable limit of initial deflection
As the basic data to determine the allowable limit of deflection of a strut, the dimension and sectional
shape of struts made-in the Japanese shipyards were investigated, and also the decrease of strut strength due
f 16 mm which is the allowa S
in this study, for the allowable limit of the initial deflection of the strut of a tanker,
0.17vy (vy: minimum radius of gyration)
was proposed. This value is a value limited the strength decrease of a strut due to the initial deflection, to
less than 10%.
3.5 The allowable limit of deflection of the secondary member
From many test results of the secondary member, the standards of the allowable limit of deflection of the

secondary member were determined as follows:

Tripping bracket §/t=3

(6 : initial unfairness of bracket t: plate thickness of bracket)
Web stiffener Slt=2

(8 : initial unfairness of stiffener t: plate thickness of web)

3.6 Relation between the bridge accidents and the initial unfairness
During a period of 1969 to 1971, accidents under erection occurred of the long and large box girder bridges
with 200 — 300 m span in Britain, West Germany and Austria. In this study, the details and cause of these
accidents were referred and examined. Further, a study was carried out about the report on investigation
made by the Merrison Committee which was established as prompted by the event of the abovementioned
accident in Britain, namely the Committee of Investigation into Design and Erection of Steel Box Girder
Bridge, -and the investigation was made as to how the consideration of the effect of the initial unfairness,

tolerance, etc. was taken into the design of the bridge.

4. Studies on the effect of imperfections due to fabrication on the strength of hull member
4.1  Analysis of the deformation during welding and its preventive method
In-this study, with the object of investigating into the relation between the restraint members and the
transverse shrinkage in electro-gas welding, the systematic tests were conducted, and the transverse shrinkage
and root gap, the restraint forces and change in root gap, the thermal deformation and angular deformation,
etc. were measured during welding, and those test results were theoretically analyzed, and thus the following
" conclusion was obtained.
~ (1) Deformation preventive measures in electro-gas welding
a)  The greatest problem relating to the weld deformation during welding is the deformation of the two
plates to be welded tending to turn to the direction of opening each other at an early stage of the
welding. This opening deformation can mostly be prevented by fitting a relatively small restraint
members to the upper part.
b)  When the deposited metal comes to have strength as the welding proceeds, the effect of the weld
deformation prevention by restraint members becomes small. And, to increase the quantity or size of the
- restraint members is not desirable in general, since it becomes, on the contrary, a cause of occurrence of
angular deformation of lateral direction.
¢)  The final transverse shrinkage of electro-gas welding, in spite of the input heat volume being large, is
relatively small as compared with the normal welding, such as the manual welding.
+(2) . Preventive measure for lateral deformation of one-sided welding of thin plates
- a) . In theone-ided welding of relatively thin plates of about 12 mm thick, when a misalignment, namely
the initial deformation exists, it will become a cause of angular distorsion, resulting longitudinal bending
—6 —



deformation. To prevent the deformation in the one-sided welding of such plate thickness, the restraint
is necessary. '

b)  For prevention of the longitudinal bending deformation of thin plates due to welding, it is necessary
to fit the restraint members extending over the whole length of the weld line, and the partial restraint at

| the end part alone is not effective.
c)  For welding of the thin plates of about 12 mm thick, it is effective as a preventive measure for lateral
deformation to proceed the next stage in the condition of the restraint members fitted as it is, or to weld
a part of restraint members prior to the plate welding.
4.2 Effect of the initial angular distorsion on the fatigue strength of butt joint
. The effect of the angular distorsion of butt joint of hull member on the fatigue strength was studied, and
the allowable limit of the angular deformation of joint was studied, comparing with the allowable limit of the
. J.5.Q.S.
. From the results of those studies; the following conclusion was obtained.
a)  In general, the fatigue strength of the joint is reduced according to the angular distorsion of the joint.
. Further, the most significant factor affecting the fatigue strength of angular deformation of:the joint is
the stress concentration at the toe of the deposited metal of concave side of the specimen.

b) In the J.S.Q.S., only the angular distorsion is evaluated. However, the stress at the toe of concave side
of specimen varies with the plate thickness, frame space, etc. so that the allowable limit of distorsion
should be determined by taking those factors into consideration.

4.3 Studies on the gap of the fillet welding
When there exists a large gap in fillet welding due to mis-fabrication, it is well known that there are such
methods of increasing leg length of fillet weld, fitting backing strip with bevel preparation and liner inserting.
And, studies were carried out about the appropriateness of those treatment methods mainly from a view point
of the strength of the joint. For this purpose, by making the cruciform fillet welded joint as an object, a
comparative study was made about the static strength and fatigue strength of a joint of which various gap
treatments were already applied, and about the strength of the so-called basic joint with no gap. Further, from
the view points of joint strength and fabrication, the gap treatment procedure was studied, and also the allow-
able limit of the gap of the J.S.Q.S. was examined. The principal conclusion thus obtained in this study is
. as follows:
. (1)  Strength of the joint in case of increased leg length type
The test specimens used in the test were 0 — 5 mm gap, and the penetration was increased with the gap,
and the throat sectional area was sufficiently obtained, so that it indicated the strength of more than equal
as compared with the static and fatigue strength of the test specimen of no gap.
(2) Strength of the joint in case of bevel preparation type
The gap of the test specimens used in the test were 5 — 12 mm. It was tacked with a backing strip,
and the main plate was bevel preparation and welded, and after welding the backing strip was removed then
the opposite side was welded. It was found that both the static and fatigue strength of those test specimens
indicated higher strength than the case of no gap.
(3) Strength of the joint in case of liner inserted type
In case the liner breadth is less than three times greater than the plate thickness, the static and fatigue
strength in a condition of the provided leg length was equal with the case of no gap.
(4) Relation between the gap and the penetration
As to the strength of the test specimen of increased leg length type, the penetration increases by same
amount of gap as the gap increases up to 3 mm. However, in case the gap is more than 3 mm, the increase
of the penetration is gradually reduced.
7 _



(5) - Gap treatment
it may be appropriate to carry out the treatment by the following four methods according to the
amount of gap:-
a) - In case the gap is less than 3 mm, the weiding by the ruie (or designated) ieg length is ailowed.
b) In case the gap is more than 3 mm, the leg length shall be increased according to the following
formula:
(Increased leg length) = (Gap) 3 mm
¢)  As one of the countermeasures in the case of the gap of more than 5 mm, a backing strip and bevel
preparation are recommended. In the case the backing strip is remained as it is, the strength of the joint
will not have an adverse effect. However, when the external appearance, and the corrosion occurring in
the gap between the chill plate and the main plate are taken into consideration, it is better to remove the
backing strip and carry out the back welding.
d)  As the other countermeasure in the case of the gap of more than 5 mm, there is a method of welding
by inserting of a liner into the gap. In this case, a formula was given for calculation of the breadth of the
liner with no need of an increase of the leg length.
(6) Relation with the J.5.Q.S.
"By comparing with the results of this research, the gap treatment method shown by the J.5.Q.S. was

confirmed to be very reasonable.
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(a) Roe¥ — HikBES
ANRYDERKCONPPERBEAL T d, BERZEZIZEALEMLBLD,
(b) R/s®y — ETFHEAH SR '
B BEA DBHAEL ROBBERRL LTV ABFIEEREZDOBOBEL LV, THIIA VOB AELEBIT
Wrm2we—x v FHBEBRRE0IH L, HREBRB LTS Y2INTHELEDTHES S,
(c) HEE — 26 — HEE
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T, 2afaoboE TEREMSLO, 2hULIcins EEsELY. TE3IATH - 7E2ERL
fetzdh, TOEHKRLABRnS516mOMKEOLNDTVAMNSLIDTH S do
vy 2xEs - (Fig. 2.1.18)
(a) |WE — L&
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LTO0BLUTFTEL->TIND,
—h, 28 b v vh—o R0 aD, E, Folgar, 8K LHOFHED 1 REOKRHICx L
TOMETER TS, Tbb, BROBAORERROEERS S,
© &l Aspect ratio DEN S BHDERDN B,
Aspect ratio DA BEFELVWESBEL NI HEBbNE,
(M) @D - FOFKRRFADHDTIKETHE— FEDOHE  (Fig. 2. 1.20)
A1) Aspect ‘ratio DK X WS, KW EHANEL LD, hODRPHBELAL 2 SOLOBEAS IR
5t b,
—7Ji . Aspect ratio PNSVEERBROEEMNNE L, FRBOFLAARR SOLLL,
D BRAFEOSH TRETOE— FEEHBRUKES, £13 Aspect ratio® K& M3 X K2 BFHEH5o



—H,
2.1.5 ¥ W@

Aspect ratio O/NXNEESIB IS BLUTFEE - T3,

NI TOHUERDL S O 5o LR TEROBY TH S,
(1) EEHOBHICDONT

D BRAKFEHELTO>EYM, THHLLERTHEEINEREOHRMEOREVBHMELRENTFELEZITOEL,
BHA LM, RF-VHOBBOEMIKENSH LT EBEBH o d,
i JSQS(HEW)&mﬁ#%&é&mKﬁ%@?—ﬂwﬁwﬁéuk%woCnmﬁﬁ%%®k&ww¢
FTATWA D EBDNS,
2) WMTHoEBIT DT
AR W% 7)
(a) ¥eBiIcHLT

0 HEOEEBR FRBEO/CANVCONTREETH S, hoBHic v TREEOHRKIK>hERIZ
BNz dh 5 DEHE T,

0 ZN—ZOFIR, 2R — O KICONE R ADERT H B HEETHEL,

(b) HSWEBEIC L AN EROMERNICSOTE, RLBEERLTWS, THHE, WEOHEARIALRE
OB IICBESH S E0E B, ‘
(i) & & #

(a) Web DIt 2 Tid, Web DEIDOEEIIR SNITL,
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2.2 HIAMBEMO L% (8% HAME)
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Table 2.2 2 Result of questionnaire on removing procedures of welded structure distortion by gas
flame heating in japanese ship yatds.

Distortion mode Removing Procedure
Concave Pare) : Heating Procedure *
e (@}  900°C (Over Water Cooling)

T on Welded Bead

(b) 900°C (Over W C.)
(@) on Bead ~Stiffner
46 % {c) 600°C (Over W. C.)
on Bead ~Stiffner
([d} 900°C (Back Water Cooling )
on Bead
(e} 600~700°C (Back W. C.)
‘on Bead
Result of SR 127:
900°C (Back W. C. )> 600°C (Air Cooling )> 900°C (Over W. C. )>>
900°C (Air Cooling )

Convex Panel Heating Procedure
. {a) Local Line IHeating
ﬁ (600°C Over W. C.)
A 3 / (b) Line Heating
2 (600 °C Over W. C.)
(c) Spot Heating (800~900°C Over W. C.)
{d) Spot and Line Heating
(800~900°C Back W. C.)
(e) Line Heating (600~-700°C Over W. C., on
Welded Bead)

Stiffner

—Line v Spot
heating heating

——

Local (ine heating

Gontinuous Heating Procedure
Concave Panel

Heating procedure is indicated in the item of one
concave panel.

m Heating Process -
9 > 4

(a) Firstly removing
distortion of A-panel and secondly B— panel
(A—B)

(b) (B - panel) — (A - panel)




Distortion mode

Removing procedure

Continuous concave
and convex panel

T~—TTx

Heating procedure

Heating pracedure is indicated in the items of one concave and one
convex panel .

Heating process

Ty
fa) (B—panel) — (A—panel)
(b) (A-panel) — (B-parel )

Continuous
concave panel

T TT

Heating procedure

Heating procedure is indicated in the item of one concave panel
Heading process

T"TT-T

{a} (B-panel) — (A-panel or C—panel)

(b) Firstly removing distortion of panel most
distorted.

(c) Firstly removing distortion of panel least distor -
ted.

Continuous
concave and convex
panel

TTYT

Heating procedure

Heating procedure is indicated in the items of one concave and one
convex panel

Heating Process

{a) Firstly removing distortion of convex panel, and
secondly concave panel .

(b) Firstly removing distortion of concave panel, and
secondly convex panel.

{c) Heating process is dependent on degree of distor -
tion of each panel.

3% Heating procedure

(a) Over water cooling: Water cooling on the heating surface of plate.

{b) Back water cooling: Water cooling on the back side of heating surface of plate.

The heating procedure and process indicated by the oblique lines in the figures is coincident

with corclusion of SR 127



(

b OULBigy o T, 00~ 008 ¢
& LRy g < Y
B& 57 2V }E 214964138 0 N N m
. o doN
NS
G SIS P R TR e 6e b
I H Tk %

G @L N E B[ Y LTFY
b Yoy 1 23T 1 T Au430 1 (W)

B 1 11
VEOUT 4y W /WAMNKME\M@W i ©e YUBG SAT : @O
HeFHH R b BH 2 ENT Y A ECIGIG10)  HEU @000
CY I v AENE R EHBEYY QO ) E FAT AL E T
& 2 2o AXNER 1t 1 root wEE ©
$a 92127088 M«\WNWN \_N./\ﬂx.. #2] © ©00 @@ O@@mu@ ® ZEREMEE ()
. it <« [al () [Ml=—q (N el (D e ACEN
& B ok * « 3 B oy CEOBYE e AN
oLy
2628F QU MENCE L TIU DL
MBS 02 G4t CAKXNE (\)
‘. ely 2AZE 98 AN Flie < g < ‘g A
N EY CR U EHELY T D% 0 ALNE @ ] M% ] %m ] Qm ] ®oq0w EONT AT HE 111
Gl 2 ME G 3 J5 06 & % WU (R 2006 B2 ©
AZNM VEY B LU FUEILE S 0NENZ (D) =5 au @E&%ﬁ B9 (D
B RR Ol x & Bl oy =R Q@
YL YR B N O IR L ORE A
oyl tgly k2> Y§ou 2RI JIUHI0
S LY Hpdsly U FE @A (0
ALy 178
A% g o N g oy B &1 o B[ ,
O N 2 &8 > 8 oas gk @ T APUHE de prog EoET ATY =X H\./H
r¥ Y NW\&W&Sm«o 24 1—1 O (HTO.000) B ©
S I EE LN AT tv SR 4 'y z ZERWSOU (T 009) Bz @)
LA x| (WOEE) () (WU EOLE) & O U x ZHR D
* Y oo ¥ H ¥ a4 0Fe B W ¥ ok o €U & ol ACE N LR
Surjeay swely se8 £q UONIOISIP 2INIPNNS PIPEM o 9inpeocoxd Sumouisy 1 'z 2 9qel



€D [y M CA@UCNE T e kN Flx f- (\0) ) )
e @ L VBN YL H v

HEAN G ®®
HOLME o VNE L Y © QO Hr¥ozyciga

®

WRYH 0
ST AP XL PP OUBR (0
S W OUBG (1)

FNB » O &@ ®
sk T Aty @=—m @
S ZBURG 00 H\/\/H
a . 1~ SRS @ FoYy 1 I~
#an—~ 11 - o L E 90 ® oo ©
vyl 3 FEt OO 3 l_— EokT At s A L—1
FEF 500 ® ant ®, Waksie ©
TELX R T &Y 2 AEN LD 910 T PWEE @
2E T KN LT REOUYKES 0@ () @0 ® [l -— 492 (» e @ o dem
% Gl ol » N1V FE -2
HwEYW OO
30T
ML e F pg ol (0
X W OUWBOY (M
e E A T} A
. ® ©fp0 © 13 ]
o« ¥IG1e10) e©
SZ2¥ VIR BF AL GB W RA B -— [ (a)
BYLY IO oeNx N b S p (D) 2o 0P T
o W . f\)TL\.JH W B
WAUECH 10 SRR Y ,ph HUBR.O
T B E e ANXNRA e S YA y o0 © Copere © S EWER @
. HEw OO0 R RE
B L TR WETE L0 U AENLE () m < 92 () LR @ - LIS A
& B Wgou « 3 B g e B o Aoy
% b} B 8 %% 04 P E OTIVEON P& 4% 2 g oy ACEN Lk F




AIIQuzh-u
EENTY SR SN ITS] &&«Kv@v
&l 2,006 ~008 A M Im .
(33 B¢ 23T T
algeer) NEok Ik EE kM A %
3 [ I
AT s,006~ 008 © 3 & ¢
Tl T w..s&a%m 1 dR A =y A7 Al ¥ A (282 buramam) = M 5 9
A B0 -be Ak N ST AR VL\L\L\L \\\\ wwuﬁwﬁmﬁsm //f
. X [ + 2o T 0,006~ 008 NI Do 008 ~008
B2 T T A Al 2 &% vxNg ¥ A E A o
AT SN ¥ dy S
IRV RS T { 32 RN
FHHTF ¢ 2500d K v gglp HELRH e B ARl
1P I E Y D 1ud e)ound Vo 26 Ly AA2EF ) e AN DL TP YT
G jaund VY vop  BES SHBUL O T wwrp o
RrniwR e @ |FET 205559059 - ©O ( buinzom 2 g prog ) CLy 262 ¢ 2ce2amm FE
TR Q@ cely 2HELw 25T 0.055 < 2,059 1 @ G4 Jound Vi 4 L) LY B gk oy w T 42uf)r
ewy S Fyl 3287 TAkNBE Q) 2 g
= 2 3 2% de G (7 4 ki Laala ) dg pooq
: . N5 o =
LIEPHW IX D pUE & % T 085~ 2,088 e O I Vi ol
NI 2085+ 2,089 2dam D Yoo CEET Gk Jound w g e -
® o o 0 QQ& &oded 2,085 - 2.059 BT 2,058 — 2,05
4 B ¥t oy & gnws of & B ¥ O O Yawar ¥ de s g ¥ 17508 AL
pveq ST 2006 BRI @ ©
(3T 0.006) Fi
LCEYHHEIREF IO @
WEHF 9w )ourd T pYeq NI 2,006 (D
Ly CIEE @ a yound O B G S L & Bl ¥g A
[SRERS AT AT - 72 g [N H
T N & g oy
42 gin g W o HOE . 4
"y HE B
T peIq ET 0,006 Al
S . . pPIq T 2,008
H ¥ Az 3y Ay 4 ¥
St ES e i 1 A evs oy
YEOY ePn
T 2,006 BOEO 2p < up BGUNG NI v IOl ¢
S by ke .
AT 2.000 2w O d.% o 2p i WO T kg pe 2 aouyIs
v 9,005 1B 2008+ DO & " on o le—l—] & Eh yg o
Sk X 2,006 < L e 0,008 ' @.@ & =
1 1 ] T 2005 AR 2,006 DEDD) <V N%MA NB 2,006 2 DQ ® NN ’ 2 Q.o0s
g ¥ o @ L— . =l =l = #ahor TAIE Y ez 5.008
wy7r© W«&.ﬁ@ (a) mw o7 [ mw @» @»m@ n\wmw @ ’ ‘ I T poeg | 7V 2.009
o , ® @ (a) & BN gy wan @l © ; (ay A a2 H M e E 0,004 G322 FA
£ J 200 e 2,000 < LT 0,006 Y V4 /
Ty 0.099 ORE 2,004 @@ vy kT 5006 OO ST D.008 <7l 2009 $FD.008 B @ & T D ggay | La4d9
<OV D0.009 LW 2,006 ST 2,006 DV 0006 <K T 0,008
@fﬂ@_ W‘mew @. &7 ® rm LTV 2,009 < HF 2008 <2 0.009 L OUE 2,008
Hend  wend 162 EHERD 93] e o Rl wsng @ n + g &g Ay +b ¥ A2 SOFH
=~ (D _DHO[ le—Ll—1L—] 1 QQ Ll —1 L s 19k 3
¥

spiefk diys osouede[ ur Bunesy
sure[} sed Aq uorMdoISIp BIMONIS poplem jo SaINpadoid Fulaowsl uo alleuuonsenb joImsey  YIANAIAY



R 0,006

bur 3oy 2098 WPy
10 (W EE 0.009) Workds 1@
buUInDIM M 9,009 HO)

"E LT RkE LLE
SRR B G BOZORE (F

buiroam 2,009 \Wﬂwfﬂﬁlw\nu

40 jods 1dgp A 'R ® LA 9w F
(om 2.009) buproy 1ods 40 (3m2.009) Joved oo b G T BRI Trwoq &M 2,000
v Ty P16 S
VUFEBHRL 12T @ WO B BEL P9 D @ DEso A Ehugor | S aMey L gerI | M
» P T poIg Im 2,006 40 (T ( burnvom) ¥ ( burrvom )
, t 2 busnpom Ale R g 2 1064f135) BusApIm I mM D009 T AUHEAS IM D.009 A st H T IUHI)C IM 2,009 (D)
Im 2.008 1T L s L @ Lryuzsuar Frgi T gz e ior
NRE/ASR /I8 303 BARAUESE THE> V|
EVFH R e fLrey .-
SHUIW 1T e -£CrLy (F . ~
v etri VEOF SLEEL 2 dg poag
oLy VEIHHCES | HTE SR ANENNEY e ey | o,
ACENR) W E L AT Aﬁuﬂﬁ.éz‘ﬁmeﬁ.w;tnv 4
. . Ef1 SR E
Jrvlsm vy dew @ OHE CAMENCFLY IO BN A T BORE WD HWEF @ meDN &M ,.WMQ/WJ W;.M«.%n@ )
(w2 HH L3 OEE oA CNENG VYU Celrad Ol e @K T IBLLS Sl ©~ @tw ﬁnw o F s 7
N g . hit
SRS dh ol LDUSIIS) N B Bk HiogE oy AEN o B B L/ GIOgE DY VBN LR e AUENR Y Al T poaq ok 0,000
AT R HBG @ | ol 2 S v ka2 SECEEAS e 2 NEE Y RLaEE 4% AT SRy b g oy
(g t22¢RB 2 @0 7B T <& (Bl Lr KK
T F wjouvd Do Telya
HEQE (P BE 2USM ©® | (T S Jourd NEYweS
T prog - 24
KT 4OUR 0,006 @ CLr16HE 94 jourd Ftr
{ WK 2 200¢R 0,006 ( ¥§ 0meE)) CRNe ML Mg
N S LR T AHN M SRS elr 162 F 9.0 Jovod EHLEGE v Jourd 3 Q) 4 Bh oy - - !
CHES WGy ) sHEESE ® O Slie Q0 R M T MEELE @ s g
g e 2y ‘g s | VHEET I 20T 0000
PAS LY I 34~ 28117 0) EFIERE TN @ T PUIq  EONEL 0,006 % T{@_ L ZIEGKR 0.00p S E e 2 2R 0,006 1%
0]
CLrigee T Mo % 5 oy
KR T EE RER R - ¢ R = A
WA ELF V058~ 008 @ ST S BLY 058
oM FL dé%m RRUR 7R/ Ak +) w\w
. 2.00L~009 3 prdg (D) YW IFH G FE 2T X k2
solREL SR E WS oL T YL
<R 0,058 g PPog .00l ~009 10 SHTVELE 5,059 00 T pooq 200l~007 () >%l b ﬂ %! bm,guv K
~o08 kW H 1 gE @Iy @ | rolenARNEHY @ Cb AUFNBACE Q) ® Yin& L g A=y 1T preg 2 yrgid waps
AT SonB N TR solRm gL ¥ %~ s s oo
L00L~009 1 99 & | 2,058~ z : 2 PPSG  2,00L~909 ¥ Al SEFT De0OL ~ 5009
2.,00L~009 22 prIq (| 2.058~008 ZAENG D dg ® @ @ @ g2 o vE
22547 0.008
. 1gem © g ot MENMEAL © A T MK os 0xd
SHE L - 1% L B IANT 2006 Py’
4o &4 T 0,000 2 e LXHFE 98 ENM L Hp 49 ENT 0,000 o - Ny
; : ug ° =Rt e S AV g PP3g “I 0.006 EESI MENG D Tl TAEG HNT 2.000 a
2] / =g p ZiNeT D, i
e pr29 AT 2,006 O Srs U prsy  FT 2,006 @ ke ysou
{ HQQ dDHGDD.h l—l—]—] HQD el ] J———1 \f&www !




- - VEQLy
L3P Sednlm R 0 ST W EL DT PIEOR
WA O 1dapeag Bl oNFNGg . Ly 2iE T ITINY
Sy acuB e @ araw e SH ewacsn oo Rz iy |07 BT H 0,000 (¥
? 26T D ANEN A vhlrip VLT 9 9@ AN D » It
o o o e 1 .
Far o } H@\/Mm/wma\/w C/H o) W:@ W
2 1 ' ee & @P G ¥ & oy
i o % o &@ % @ © L @m@ %w ®W@ ®o FOKT 2,000~ 009
21 <X S.00L ~809 &< T D00k ~009 2T 0,008 ~ 009 LT D.o0l ~ 009 &SI s.00L ~ 009 Fr dFéx VB AY
Ftrw . OO
YT 2,009 © Q@ [2ujsrzs &3 2,009 ;
AT 2,009 QEEO AT Q00 J\ WEH OO ©00 ®
WEH OO HEU: OO0 | k30w QOO o H\@é\@/H AT © :
2T 0009 L @O ® ® . ® ¥ ¥ Cofe L Ft
s 2 © ® er\/_ é o & L 00 & o
® L—~_} AL ( } 7.00% .
A & Jo @ & &3 o @ & B o wuwaw | 4
7 @ W g0y & B vE W ¥ ahigou H# o Gl 0. 008 -
®é Al " alee oy Nlza g N T APUYHE AT 2,008 -
& Biss oy Y& sy Y& VE U + ¥ d2 3o yg oy FYUE e oK HY dp & pf o
“irz g
£or PiTIggf X e B
- SR s AWM 0T -
LW 1B Bk o G Ly G W ArENMGD o BRI SRRt Ny
VAl 2 g ey apa .*\L/i iy £ Mk 3 By R N (w22 burnzom) 2%
4UIPE 2 BeofeT 2,008 + ® @ 0 ® BF U N 13 | rs¥eR At _wmw,&«&/\#
& ssay L ¥ 3 o 4 8ls o S8 &/ Bl v$ oy 2 oy o #
Tle =l Y Al oy ST 2l T o ¥ AULIIS FNeT D.006
brE NpEevEay Sk S W o rdesougon 3oy F ¥ dgecigay B g S o
ECE
- 2 ® Tpoey T @O °
EHR 2.006 1 @ L tmE e eyl dsla 2 e CEE
4T 2.000 - @ AENNEAXOBRE R L g sl LR e | ey JUOT Y U F Lk o
o Ly 2 3 dplely EEEL0CN LN AL ¥ CZEE b2 GaAEME o | 2 ,
@ 2OCT NENLRTIY e 2pcip zo 23 Zocg id A4 ¥
&gl s ol e ® o o & b~ @ & a
2 AC AN @ R e o' mu ®ﬂ 4 Bl ay e LyaErys 2o r
AT ETE Y & g o SHOU ¥ e Tiely (¥
2,006 P17 Le R nly . & sl & ¥l vgon T uBure N ®
g poog @ceT 2.004 o BRI Tl e ale=x g pr2q ‘&ooT D008 Tprog 33T 2.000
¥ dr yvgoy g dracvgos & T T Br¥azsag + ¥ 07 g0y btk dad
- P ; SEE oA LT AR — ) -
plrosen by it 3 wWWW“% FAs e P W BF oz M,«wm? XSG fL\L CLy 3 hnk SOUE : T wepz3
e #voq S5HT 2000 @ | FEONRNA T RCE 0 . ) . o.00b o e o @ Z 98 jewd WEYURE AT R0zl B t
‘ - o e o A awygoy 1920 Q0 ~ : +
£ 8l g o B W& ol & ¥ oy L Bk s o
.F\L | = Bh g g U997 goAR 0.006
e o Al Y Dl N s ey le po3q 2T 0.000 I
g & E O Sy % 2 595 0f +r % dgecyg ay Fh# de i@ ol hpE P &S Oy
e = =l = =l S =1l ] eé&»%w




L e AT PLTIO
I F oY WHE) WAl
RS A LRV Rl ol

VB LTS P EH =

o 2009 ~oop (DD —~d—d Tt
2 009~ 00 Fr vl oy ne ! H 4 sz poeq )
SRR e ok ¢ &oheq " 2.009~002 120 B Wy ‘B Irygol ¥
= DA g SREE 2 &O1T 2009 000
vvdgm 9 dEap el 2z | Fedepreg Ty Y ,m\u e LA e
eo & Fr¥ e S Rgay R 20y
(2 F LB ST 0,006 2
. Bt B L848R Fpek
wardsly @ S LYEOL B LU LE
Typor.le
g i : g
1740 e TR RO ® @. & & W
5 (g (& 0.006) &HF O tLlr2uzk® e y
@ ©‘ @ WL 1 ”® . RS - AGRATE WD
fei-1 SHE @O Veok sl Bk el Gl e 240k BNR 0,000 B | D
eleHE 1dewr @ ek T 2008 1T 4204135 @ D Lwhygny | seapuey ek 1Y
= 27t . \ - Aler 2 62 4
; 4T 9,006 7 % ,m:m_.m_ . H\Mm%mwwvﬂbwwe 13—~ Al aH de proq & & 0.009
: UMD - A - “Ls ¥k t Ly . N ,
@\mw‘ @\ (¥ PR 2T AUHID b3 " @@. & ﬂ% HT%*ENQ%MDQ kb 3 UF sy or
(a)  (p
CLy3 (n)
i FCE 2 S Jh,r #ﬁ =3
247 gry ol 2 dg pooq i 2
. Al o= B oy d
Al o K A == u\n\ el B E IR . .
AN D B g . % SRR 0,000 BT 0,006
YNz B AT BIFE A )2 i s o/
. P R 2-17
G113 KE & ¢ oy «
f,néw_.iw m “oemnWOL dne AR LVHEIOES
o & @ BT VLN AR 9@ BIZOLE o000 TV 0,000 ¥
Ly 10E N © A By ol . U 53 32, g _
Ly 2MZER G KNG Y x| BNOFX ORLE HELY eUYS YT L0 LAl 7 #
(¥ IxY 0 CEIEY a0 Yol | porqvonsm s x|
CLy 16 R G da g Hk) &MeT 0.006 EolT 0,004 R EOKT 0,006 E0ET 2.000 x Ug PP27  EHE D009
RE AL £ogr>:lng ¥ LESRE 0y +#dr oy +5 ¥ U 2O Ol RS2 127
LY TR e ANTN
e [ CHE AN
FTANLNA 0 IPIS A4} . £/ B0 NE o
Sy (BT AN G oh Ly GoAEN L S Bl ok (I Dw rzund .
L s oy d4g posq e eR MR URLE LV 2SR %o (X k24
\qmm&v S04 un,quwmbm £ ¥y oy o ST D,008~05L BIYR[A ° & i oy o
M (290 T S 4V e ) WO E ¢
BLATE 2OCUB R o T CAENZ s Eva iy g e L, g pooq
- S%f . POSG “ZOM|T 2,008~ 5L BEL W EY plEg e A e ¥ . &eT D.008~ o5
& Hhn § o s b &0 YE O ¥ e & s oy g Sovgad +rwdg &0¥e o + Y A7 g oy

Tl

—__1—




R ® wWEY : © /#\ 4
do #O59 da pveq BT Q L F dg wuw,w
ENT 2006~ 009 1 BEOQ AT 00007009 1 QD | yoappls 0 O @@ww\«\\ o
= e 0,006 ~ 009 N
el 10 F uig R - u/,.p,\/m R ,,
3P 2L sidam © ® @@@ @ (e 2 8% © ppupd-omy ®0 ® L% e oy bt ¥ 7 ek
( da prog (A“¥e4) yE ol “lyga)aued MiyeD o
e BAav>2daq @ W CEPNATSL MR K
AT 2000 2 e do pvaq W A1 g pr3g B o S o T wap fUE x FH
VA XN R O &< T 0,000 QEEOB ¥ 1y B THE 2 }
et WAMFLAMN\WWM“ OO® .42 Y DY T AUHRS bR © T 43Up30 40 da pvag
ME>2u0c g .@ Y NL > BAKNE Q &EL&E\ & 7 s n
EFLIATT ) (T 49uptr2s) A3 S v 1urd-omy 5 RN e T D004
HrEe @ s om0 P0? Co $v % dz gy YT 1
EXRLEERE 7
g uyR0  ®EE . i )
(&3¢ T o067 28 0 ) eV LME UK E
FHEY BAUYE O U1 GG T PP Y L
BB 2B @@ T%\L ds ure ewEEaE  x
(3017 0.059) He dp Tk 40 0 @ 240 3 ot o 1 T
véoypis . betde @ Arc ww 27 g Ny (0) ¥t WawEs e o
LA ThCHE e% 9,059 2t o0smm o
@»6, nw 2ePu (0,059 BE @O A S i
R AR ¢ v wwp) wgp (n) (4T 2,059) Y8 A ¥y VE YT 8 oukae ax o
P COBEE 9o Jsund WY (el U b2 o
2 vdg a9 eiam <z (FZ%0.089) 10 FEY 12T OO : ..
. _ < NEXCBE UK Ay (33T 0,089 ) LK wwos &ZE (1)
S% © ¥290 () st esm @O w4t a0 Ko .
AT el o BT OV
* A J - = rVHN 2z, .
g oo ia © 2 SO o3 ot L | s
S e )om () TYS wa oy Sruk (8} T ww B (90| B TIREAY iy de 2ovE oy bt ¥ 7 o
i @t BT BOkE 3 BT *
@ oo
S AT ,
¢ W 5ok @ fle poaq HH
32 L 2R H Bk CTBIDY Ly T HE R mm .
T e nEEE reru yHeEE o Ala o ¥ LT 9008
BOONEE Tanalag o | B wWAr H ¥l s Ry 0T K Wl
LgKg
= L—l__J—J] ——l—l— e L——r 7 T o

I ~l

G




2.3 HEHICKHERE (4B : ZFEHETY)
2.3.1 SBILE [PERE] OHEEE
M Esp o [PeBEER) OTIERSER, BARMNTEENEEE (]J.SQS) KLV HFERREZHEL TH B
Chid, BIROKEEL THRBEN DL OMADOMEICEEL RIZIBOEET, LrbABLEAR L LW &2 TMW
ELTHMEGOMNATFEHLS: L TORETREECERNIKTALIZBELTORERAELEDLILLDT
Hbo
AHEISHED, CORREABMOBRELVCOAANEREZR L EAOFERFC OV THRIAT 200, X
BRHE NS SUNBMEICST ARENE, 2O0RBTRIVFFINIUEERAZ[EL, ABIcLs (P8
£ OHEHRAELIND F &,
158, MEEIC DO TR, BR4TED S4OFEE D 3 ATFHOREBENRICKE SV bDOTH S,

2.3.2 B B
RIUIMAD P BB ST 2HFETHIERBL DO TED
(1 4 e
FELAHY, MER, MOFERELTLOTHILTRAB L EEE EFE2BERINZOTEESHTHR
E L,
(2) ZHEIAMR, bREE
COBFHEMOEL LTHRCHEONE ELATHVOTER LR ERZINI L BBODT, ELETOF
BHETHE L, -

EREL §
SRS U A U O AR AR & RIS LB 1 3 §
D THRAGM THE L1, §
4) BTHIKR

SRIIEWR & RISF & Lo
(B} MEERN, LM R, BEE

Crass Deck. Interior Member. Double Bottom

N Jhelt Plate, Doudle Bottom Jank Top Plate, Butkhoad
Fore Castle Deck Fogp Deck, Superstiucture Deck,

TN OHERER, BIABCEBNELEIATH Py iy
D, MOk, AHKERESGIMECHD, @ eld § 5 &%
S TEBAF R CERINDG & A TRERNTHE I § § §
L7, - -
O 7027y %, WIEH, ZRETaT—, A—F— | |
BB A THIE LT, E
ik, PHEEONEELRNR, Fig 2.3 1 k&%HE 3 esf
DRI T BREE B (UM E) 2FF L1, L
2.3.3 BEEH (FHEE®) Ny
Bty GRARL A& CHET BRI tB0 T, A~ , } f t
IR SR FT - 22054, RIS L Tas & ? e e z
FENAEMEFELREREL, ChFsl, 3 Visally Cstimated defornation (om)
G&105 [0RIBE] X4 HM T EITRD S, Fig. 2.3.1 Allowable limit, line of deformation




T TATTT I 7777 A7 7 7 N7 77 A07777 X777 747 7 77777 7 7 dd 7 P > a4
6°0 - L°0 44 ::\@w\\\m\\. \mw\\\\ Vd L1272 \\0\ \\m \h £ / < 9 9 ] 6 (2) }XEC PoLonod 3J3p puodes
- or| 6 | 8 6] 8| ¢ Ll 9 9 p 8 (9) 1xed areqg
\ ]
T°T -~ L'0 ]zt 1t | o1 6 | 8 1T ot 6 8| ¢ L6 8 L 91 9 P 8 (9) 15p116 pue 10014 wo130q aygnog
4 y
/A g
y A
T°'T - L0fz2t TIjot | 6 | 8 11 [o)s 6| 81| ¢ 6| 8 L 9| 9 2 L (g) Mosp ssoid
N N L I R m|ot| 6| 8¢ e le | 2] 9o ] (<) suers R R
- 4L g L I2quwauw IoTIajul
et | 1t|ot| 6 | 8 1| ot| 6| 8] ¢ 6| 8| | 919 ] 1116 30 qam
TTTTTHIT77 ARSI AN R N RA VAR URSRA R RS TT7T 7777 M
S6°0 - S9°0 1T | o1 6 | 8 L o1 6 8 [ £ 9 8 L 919 ] 6 (¢) 11ed paiansod
N NN AR NN SN IVENRN VSN .\ SRV} VRN RNy VAN V) PY) p
S6°0 - S9°0 11| o1 6 | 8 L o1 6| 8| ¢ 9 [ 8 L] 919 p 9 (v) ITem apTs ug Tlem asnoy
S6°0 - $9°0 IT|OTL | 6 | 8 L o1 6 8 | ¢ 9 8 L1 9] 9 3 9 (v) TTem apIs 3ino
TTTTATTTT T TN TF T YT T T T I T T T Ty I I T T T2 77 77 7 Y7777 TI7T7 H
6°0 - 90 HLLLYrLr L ~O\H\ :@: \w:\ :_h: INwS12IEY, :w& :m\ :m\.\ :\O\ L 9 4 S 6 (2) 31ed paxanod 29p
o1 6 8 L 6 8 L 9 L 9 9 s 9 (v) 1xed aieg | @IN3dni3s radng
TITTrrir” TTT YT T T T R7 T 7T 7T 77 TIT T T IT Y 77 T777P 7T Y77V I7T77 777777, m
6°0 = L0 [esrslrttid \muw\ \\O:\ Nw\\: YNNI NNINA TN :.O.\ :mh\ Viy/a celey L 9 9 H. 6 Ahv PHNQ pPa1an0) Moap dood Moap
01 6 8 6 8 L 4 L 9 | 9 1 9 (v) 11ed o1eg a131sed-2104
\\\\\\ T7TT AT T TT7 T77T TITIrY 77Ty 7 777 777 N777; 7777, 7 H
0°T - 9°0 I 1T | o1 6 8 L o1 6 8 | 2 91 6 8 L 9 9 s 7 6 (2) 3xed paixano)
VSR E IIRNIE ENNNII'TINYEI NNNIN VOB NS VY, LLLAL L L AL LLLLALL M Soap ENOCWHHW
I'T - 902 { 11{0O1L | 6 | 8 L1t Jot| 6| 8| ¢ 9obt 6|8 L1 919 S 4 9 (v) 1xed 1ayTeIRd
AT TIVI I 7T NT 7777 V77 T7777H7 Tir7; 77 H
01 - 20 m rlotr | 6 | s or| 6| 8 |2 8 Ll 919 3 8 (9) peawng
V -
p
s -
v A
. . 2 p d doj e
6°0- L0 ot | 6 or| 6 ] e1eT el
v g 8 | £ Ll 9|9 ] 9 () wo130q BTqn0q
v, . . 4 .
6 | 8 or| 6| 8 | ¢ 2 8 Ll oo 3 9 () 1xed ﬁwwmmmm
o'l - .70 6 8 o1 5 s . ] - apTs azerd trays
2 8 L 9 o, 1 9 (v) 3xed rarieIed
T'T[0T16°0]8°012°019°051°1{0°T|6°0|8°0f2°0[9081°7 o 1|60 8 0|s°0 |90 (ww) (ww)
SITWIT . abuex wa3y I uor3od9as-qns
(w) (w) 1 ueds (w) 1 uedg (u) 1 uedg aduexaTol | piepue;s
ST9SSapA Ut weaxd I0T0D pPajurey wes s  I0T0D pajured doerd 10100 pajuted .,m.G.w.H UOT3Ied0T UOTISIAIQ
ueds Tenidy ’ T
Assorb uoN Ia3sn ASSOTD 133isn] £ssSOTD Iajsn-]
009  @1bue 3yb11] 609 a16ue 6T 009 arbue IYETT uoT3 TPUO)

abuer arqeosrrddy S

(ssauirepun))

UoljEWIoep 2]qeMO|[e

Jo juowe3pn{ 10 pIepUEIS

1'€%¢ aqey



oI, S8 (EEEAAREMICHE) KEX0ATIRENOREE LMK L, BUEKELEEL L2,
(1) WRI47, BHMEE TOREBKRENY
ABELHRUETIEA0XBERL LT, EOANMEN, ANERTHLN, CHLOEEMDIELHBEE
Fig. 2.3.2, Fig. 2.3.3, Fig. 2.3.4, Fig. 235, Fig. 2.3.6, Fig. 2.3.7, Fig. 2.3.8, Fig. 2 3.9,
Fig. 2. 3.10ic#i s h 5,
i, #MANLBNS UTUE, XEME, XRE, HEEOREBEETHD, EMCERT 2LHDOR Yy —
NI T 27 PIDOVTE, HWERER, Uy /L (U KER, L: 29 ichkfld sz M LE,
(2) HEER
% & OFEREINYD, BEEH (EELEOKECHETIRMN) TORET A POMRTIR, HEE2mE
WK1s 58 THABLELIBD] EHETIHABBMEREBIL 5 & pFig 231 THLATHS,
COEIR A —wx 7 27 bOEEENKL, EL (R/¥Y) WETHIERET Rt T A8 EiTFE LS
O] EHET DEADBER AR S E x0T Lt KBREE LD LzowsFig. 2311, Fig. 2312, Fig.
2.313, Fig. 23U4<chH s,
COfiAHRENLBE (FEME) £745,
(3) SEWICXINEERTZOMIL
RIRFIECE T LNEEROHBEHRIELRRE, MLomd, EAANERVEH LEELALLDOTHES,
T, HCANEROHEED b, ERBERENIVEORZIOHEBREEINIERNE 20RERH
ZELwbeETable 232 KGRI TH 5o

CORBEKFAHNCHTT 5, L, BRNEERLZNTNEEL 5 0HONE LTEZ 2 ERA%EE
%o

U '=A (/L) +B@+C{V)+D K +E (2.3.1)
A, B, C, D, E: Hh#HlEH
U, P EEE
a DOXekmE
\% - v e VY EE
K b /N 13
U’ fEEHEES
L S PSS
TRICKEBSOHESY S HEERE (2.3.1) RICRAL, SHEEERDEL
A=872
B = 0.030m0
C=-0.233m
D= 0025
E= 263

W) HPUEZ DO TR, 205D, DL 2 KL, 2Ph0 OBAaK =25 2PELOBAK=
2.5 %A
U' bt s 46 &, REBO¥EERU & U EoMHEFIg 2 31510RT, Chi b EBROUTEER
2t 25mm (O5Z(EWIXRI) O CHEEHEERE —H L, (231) RoFUUBHH OB, T, (231)K
AROTHELRRIORBHOMEL AR THY, COBADHIELL 25mEN 5,

BT, ABETWIRNELALERICM L, SBEICHT 28I K2 BMTL AN, MMl 7%




Fig. 2. 3167k,

o, SRUTORBRHEFBFELROARKE TCORERNLBRBCEF LAY EFRERE OBFEAFIG

2.3 1T R T,

Condrtion Specimen
Observation Point Us = € "m

0°% 30, 60 -30° Glossy. Non- Glossy

70—

Light Angle

Fig. 2.3.2 Effect of lignt-angle

Condition
Light Angle
Observation
Point

) c oo

Actual Deformation Us « 6 "y

X
s SR .
Q I Y %[y
10| X9 § 3
o
% | NN 3
a N
§
S 2
L
2.5
Vi i | ! ! i I L !
14 2 g 6 8

Munsell System Value

Fig. 2.3.4 Effect of brightness

Cond/ition

Light Angle :  g° Aclual Delormation
Opservation : 07 Visually fst‘/:;r::ted
Point Delormation : U
Luster : Glassy Span : L

- =

"o
/Icltual Vassel
L 1

4 oo’
Ua/[_

Fig. 2.3.3 Scale effect
(on allowable amount )

Light Angle . o

o 4 20 30

60° Dagree of luster

Fig. 2.3.5 Effect of luster




Test Specimen Test Specimen

Uo = 6 ™/m o = & ™m
Glossy Mon- Glossy
Skilled )
U 4 - ./ j u
Vo Us
L Unskilled
I Judged to be Around 1.0
when Measured More Judged o dbe Around 10
o . than Twice. when Measured More
] hen Tw/cf:
0 L L 1 1 1 1 L 0 1 ) A 1
o° Jo- 60° o° 30° 6o’
Light Angle Light Angle
Fig. 2.3.6. : Effect of skill Fig. 2.3.7 Effect of skill
Specimen
Yo = 6 "m
Glossy
Condition
Light Angle : 0°
Obscrvation Point : 0°
10+
J o [o] Mean Valve
Uo 3 ©
05—
1] 1 1 1 1 ] 1 i 1 1 1 L 1
Red Yellow Green Blue
7int
—_—
Fig. 2.3.8 Effect of tint
Spec/imen Joecimen
= &~ = m,
o= & m —— 800 Lux ”"G €
wnemm 600 » o—o rossy
Glossy a— A& Non-Glossy
10 - Light Angle : 10 b
- o &ro"
L e 2 |
. A K007 L
- o= 60° L
dr o -0
2.5 0.5 -O- /g
o -
o L L | It L | ] / ! { I
o 30° 60 " o P
Observation Point Angle (R) Light Source Pasition Angle

Fig. 2.3.9 Effect of observation point Fig. 2.3.10 Effect of illumination




L L~ 500 mm

o - & /@\ - -
700 0 100 0
L
Rat
N o |- s
/ e /,/,// —_— s i
ange o e ma i —> -
| A oesarmation Gi2ma] | Golermeli . Fange o7
7./114994 0 be toa . Negligible / W jz;;:"ﬁ:";
% ,z/:z;:;d,e,e i \ / fedh::lttmnb % weptigibte
Appearance. lwdy, o be
. _| 50 N
4 :: (L/:;::rzulele ¥
sn dppegrance
00 L 1200
Actual Oeformation e Actual Oeformation Us
Fig. 2.3.11 Actual' 'and sensuous amount of deforma— Fig. 2 3.12 Actual and sensuouns amount of deforma—
tion under worst condition tion under worst condition (Estimated)
L= 750 mm L= 1000 mm
(%) (%) (%)
4 L 00 4 L
Rarte rj 1 P IIe Late
Range of 3 . .
Detormation /\/\ B Rarge of
Judged to be Ko Defprmetion
L Negligible // A o »Emm Judged to se
_,/ : k// a F WNeglrgrbte
v
4| Derarmation g N g
L -Zud?ai to be too |/ / Z:;:{u;;p’;e soo //\/\_.U”h'.
arge and e
0 l{ﬁdzr.s;'va/r/e v 1% 2L misz:ele g 1%
/ o Aspearance. / Curve of Range Ojvisron A in Appearance 4 i
/ ’as on dclual vessel' %%
ys Estimated Volue x 0.9 c/ s
" - Judged Valve / // S
oS mon /
e o
Tt 10 0 i PR V)
Actual Deformation (o Actual Deformation U
Fig. 2313 Actwal and sensuous amount of deforma— Fig. 2. 3.14 Actual and sensuous amount of deforma
tion under worst cordition (Estimated) tion under worst condition (Estimated)
=872 < (Uft) 2030 « 10(]"0233’(\’)‘00?5!(L)v?.63
Us : Gmaunt of Actual Dersrmation 2 - 70 Glossy
e N O Non-Glossy
17/
N o Light angle oo
« om Vo Munscelts Valve of m-wtny
§ gl Lt Degrec of luster " %5 % Confidence Interval 10 .-
N Ui Estimared Amount by
8 oF Detomation <G, o8 3 &
% . 3
s 6 2o ® & 291 S
3 oo 0o do® das |8
5 e an - ¢ -
NN /_g ;ﬁ 4 @ Unon £ cmi 2k 3
E - s e 250] sve [eg0 .5
§ / ‘rm/q@ss ams/o \QE sle|lala s -
ST M:’i@e B e i lalo]aln 07 '
3 » 2 =@ ’f/ i3 6|loilalo
S 3
Yoy ! ! 1 I | ! Y L ] ) 25
o . 2 K] @ 5 ¢ Uo 07 0.8 0.0 7.0 '
o J0° 60*

Sstimacad Amount of Deformation ( mm) Light Angle
‘g ngle

e
o
™o
w
g
33

Comparison of estimated (U’) and actu- Fig 2 316 Groph showing correction
al (U) amount of deformation -

of optical illusion




Table 2.3.2 Effect of optical illusion by factors

Factor Effect of Optical Illusion
. From Fig. 2.3.2, setting the case of light angle
Light 60° as 1.0, for cases bath glossy and non-glossy.
angle
30° : 0.9
0o : 0.7
Luster From Fig. 2.3.5,setting the case of being glass

as 1.0 for cases of light angles.
0, 309 and 60°

Non-Glossy : 0.9

From Fig. 2.3.4,setting the case of black, the

Brightness typical.color in vessels, as 1.0.

of Paint
Blue : 0.82
Green 0.80
Red H 0.70
Cream : 0.64
From Fiy. 2.3.6 and 2.3.7, for bath glossy and
non-glossy surfaces, setting judgement by skilled
worker as 1.0.
Skill Unskilled 0.7 - 0.8

However results of judgement training removes
affect of this factor

(Judgement of the same object more than twice
brings values closer toward 1.0}

Illmination| From KFig., 2.3.10 Shows no significant difference.

Tint From Fig. 2.3.8 #

Observatior P
> N From ¥ig. 2.3.9

point ”
Scale From Fig. 2,3.3 shows same tendency as that of
effect measured values of test model and actual vessel.

¢ mne )

NLNGLIE aeror MU
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Croam o - 60" Glossy
Worse Condition - Black
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200 06 800 B0 1080 2200 rd00
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Span L (mm)

Fig. 2.3.17 Allowable limit line by naked-
eye judgement
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(b) Trans. ring® Wed plate
NK Rule T2, HHE (HAE K6 L 6, <180k /ud 55T HDT, 0, (=240 ke /nd) 105 L
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RN DN 3,

I, HABELAOMASYHE TR, CANMOESEGIC DN TYIHI OB OEBIMNLT L L
bbb,

3.1.L7 & =
(1) Deck plate
(a) MBIEREQ=10"»5Q=10" Z 1 IGE
BRI Q=100 L N TIT - T A DT, Q=10 L NARE A LEEICHEBRRICERME BH
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(2) Trans. ring @ Web plate
{a) Deck plate D& M4 & Trans. ring @ Web plate DIFAEHEBEDER
Fig-3.1.13& Fig 3. L 42~ B3 ¢ HBEREOHABRIE I BCNBKDOBHIC L S, §705, Deck
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WA OF S = L7 id 0000D W.T 45 ¥ 5 —TH bo
(a) TEMMESTHOSOEE BEBRHEOHELESH Tras. BH TRREAEHEARLHETH 5
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FEHUEIC L 0, € Ol HIEZ LT BB M B T, BRODENCOOTEHPEVIIREREATN S
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Table 3. 1.2 Average and standard deviation
of working stress in deck plate (for SM

41y
No. D-W T | Ms(x10°t 'm) |og (kg mf) )
1 40,775 1,273 6.35 (Unit =kg.mh)
2 51,500 1,461 6. 34 . Dynamic Total Working
Static (Q =10"%) Stress
3 66,750 1,894 6.28 ’
4 101,936 2,580 6.45 Average | 3.38 10.85% 14.23
1 > o
}—5 118,400 3,923 7.29 Standard 6o Lo Los
6 155,450 . 4,226 714 Deviation ' o ’
! 157,825 4,610 6.93 Notice . In case of SM50, above
8 232,339 5,492 6.85 value should be multiplied
9 249,255 6,010 6.56 by 1.25
10 307,432 6,011 6,68 Table 3. 1.4  Average and variation of extreme
: lue of imtial imperfection ™
11 va .
372,698 9,241 7.65 DWT N 5T A0 ST
12 416,581 8, 897 6.42 100,000 600 0.194 2. 77 X1077
100,000 770 0. 197 267X #
200,000 |1,160 0.203 2.50x »~
300,000 |1, 550 0.206 2.36x
400,000 1,950 0. 209 2.34 X~
Table 3. 1.3  Average and standard deviation of working stress
(Compressive stress, unit ° kg /mf)
h v Static Dynarnic(Q =10"%) Total
-/ = m
tv E T Sos Ty Sow O San
502 1.0 6. 37 3.185 3.32 0.295 9. 69 3.199
(;*45) 2.414 8 .32 4.160 4.33 0. 386 12.65 4.178
©o 9.00 4. 500 4. 69 0.418 13.69 4.519
2 504 1.0 2.94 1.472 3.32 0.295 6.26 1.501
(t.—27 ; 2.414 3.66 1.832 4.33 0.386 7.99 1. 872
' == 3.89 1.946 4.69 0.418 8 58 1.990
3 588 1.0 1.77 0.885 3.32 0.295 5.09 0.933
(t'“ 19 2.414 1.90 0.948 4.33 0.386 6.23 1.024
o0 1.93 0.963 4. 69 0.418 6.62 1. 050




Table 3.1.5 Average and standard deviation Table 3.1. 6 Relation between «, #, ¢

of ultimate strength’ and > f:y
| DWT | 9,%s ud) | Soulka ) | C. O V& P
100,000 > c185 0189 08 3/3 1502 | 2504 | 3558
100,000 28 74 0.238 0.8 tV E
35 [ 200,000 28 66 0.229 0.8 p 0.636 0.829 | 1.257
300,000 28 61 0.222 0.8 [ 0.479 | 0.447 | 0350
400,000 2857 0.220 0.8 e 0.246 0.211 | 0.242
100,000 > 21 58 0.183 0.9
100,000 27 94 0.259 0.9
%1 40| 200,000 27 85 0.248 0.9 Table 3. 1.7 Average and standard
g 300,000 27 80 0. 240 0.9 deviation of ultimate strength
5| 7200,000 2775 0.237 0.9 (Unit: ke/mi)
E 100,000 > 21 20 0.190 0.9 h 5, | — s,
2 106,000 26 20 0.270 1.0 ng m R
& | 45 200,000 26 11 0.259 10 1.0 (7.78 | 0210
*:g 500,000 26 06 0.250 10 1‘15:925) 2414 | 1548 | 0238
£ 100,000 26 01 0.247 1.0 o 1476 | 0240
= 100,000 > 20 02 0.205 1.0 1.0 1546 | 0.170
100,000 2376 0.278 1.2 2.504 2414 | 1298 | 0173
50 [ 20,000 23 67 0.264 L1 (=210 oo 1226 | 0170
300,000 23 62 0.254 11 1.0 1325 | 0089
400,000 2357 0.250 L1 3. 588 2414 | 10.85 | 0083
100,000 > 20 90 0.200 1.0 (t=19) co 1018 | 0081
100,000 27.81 0.260 0.9
35 | 200,000 27.73 0.249 0.9 Notice : for Zgu= 0.66, S Ag= 0.035
300,000 27.68 0.241 0.9
400, 000 - 27.63 0.238 0.9 Table 3. 1.8 Total working stress
100,000 > 20.90 0.200 1.0 (Unit : ke of)
100,000 26.31 0.232 0.9 Srcoman T Dr ooy
40 | 200,000 26.24 0.222 0.8
% 300,000 26.20 0.214 0.8 Q-10" 14.23 17.80
¢ 400,000 26.15 0.212 0.7 Q=10"* 16.82 21.03
n 100,000 > 20.21 0.199 1.0
- 100, 000 2315 0. 143 0.6
E 45 [ 200,000 2310 0.137 0.6 Table 3. 1.9 Probability of failure
g 300,000 2308 0.133 0.6 of deck plate (sma1)
§ 400,000 23.05 0.132 0.6 Probability of Failure
100,000 > 18.24 0147 0.8 Without With
100, 000 21.08 0.087 0.4 Residual Residual
50 | 200,000 2106 0,081 0.4 | S Stress
300,000 21,04 0082 0.4 o W ) | 0-8X107% | 28107
400, 000 21.03 0.081 0.4 Q- 10" . -
(or ~1682kg/mp 6210 " [16%10

Table 3. 1.10  Production tolerance of Initial
Imperfection ( 4, . t)

With Residual Stress | Without Residual Stress Table 3.1.11 Average and standard deviation
5 Q=10"" Q=10"% Q=10"° Q=10"" of yield stress (o, ! kg mi)
35 0.305 0. 310 0.335 0.320 a, Sy | Minimum Rejection Yield Stress
40 0.205 0. 205, 0.270 0. 256 ~
45 0 158 0. 150 SM4l| 297 | 2.29 24.0
50 0. 057 0. 052 SM30| 37.2 ) 217 32.0




Table 3.1.12 Production tolerance of
initial imperfection
(With residual stress)

s/t 80/ t*! 0o/ t*?
35 0.305 0.280
40 0.205 0.080
45 R
50 - -

*! ¢, is considered to be deterministic
(Minimcem ejection yield stress )
*2 Variability of ¢, is taken into consideration
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Table 3.2. 1 Datail and test results of square plate specimens under compression

Detail of Specimen Test Results
Specimen t oy b/t Wolt Pm om om/oy
(mm) (kg/mm2) (tons) (kg/mm?)
C4.50.00-1 4.50 28.49 11111 0.00 25.00 11.11 0.39
C4.5-0.00-2 4.50 26.59 111.11 0.00 2690 11.96 045
C4.5490.09-1 4.50 26.66 111.11 0.09 24.60 10.93 0.41
C-4.5-0.09-2 4.50 26.00 11t.11 0.09 26.90 11.96 0.46
C-4.50.09-3 4.50 25.87 t1L11 0.09 26.20 11.64 045
C4.5-0.24 4.50 26.27 111.11 0.24 26.00 11.56 0.44
C-4.50.27 4.50 28.07 11111 0.27 25.90 11.51 0.41
C-4.50.31 450 26.45 111.11 0.31 25.00 11.11 042
C-4.5-0.36 4.50 26.88 111.11 0.36 25.40 11.29 042
C-4.50.38 4.50 26.66 111.11 0.38 24.60 10.93 041
C-4.50.89 4.50 28.03 111.11 0.89 24.60 10.93. 0.39
C-4.5-1.02 4.50 25.16 il 1.02 21.50 9.56 0.38
C-4.5-0.33RS 4.34 22.01 115.21 0.33 15.15 6.98 0.32
C-4.5-0.52RS 4.34 22.01 115.21 0.52 15.45 7.12 0.32
C-4.5-1.07RS 4.34 23.42 115.21 1.07 15.30 7.05 0.30
C-4.5-1.28RS 4.34 23.08 115.21 1.28 16.95 7.81 0.34
C-4.5-1.31RS 4.34 21.05 115.21 1.31 15.80 7.28 0.35
C4.5-1.74RS 4.34 22.87 115.21 1.74 16.63 7.66 0.33
C-9.0-0.00-1 8.80 31.03 56.82 0.00 118.80 27.00 0.87
C-9.0-0.00-2 8.80 31.20 56.82 0.00 116.70 26.52 0.85
C-9.0-0.00-3 8.80 31.06 56.82 0.00 127.10 28.89 0.93
C-9.0-0.00-4 9.00 28.71 55.56 0.00 109.75 24.40 0.85
C-9.00.26 8.80 31.96 56.82 0.26 95.60 21.73 0.68
C-9.0-0.31-1 8.80 31.27 56.82 0.31 101.80 23.14 0.74
C-9.0-0.31-2 8.80 30.91 56.82 031 102.00 23.18 0.75
C-9.0-0.38 8.80 30.21 56.82 0.38 97.00 20.05 0.73
C9.00.61 8.80 32.11 56.82 061 86.20 19.59 061
C-9.0-0.68 9.00 28.63 55.56 0.68 81.20 18.04 0.63
C9.0:0.72 9.00 25.07 55.56 072 - 75.60 16.80 0.67
C-9.0-0.73 8.80 30.53 56.82 0.73 80.60 18.32 0.60
C9.00.75 8.80 30.30 56.82 0.75 80.00 18.18 0.60
C€9.0-0.82 8.80 30.52 56.82 082 77.92 17.70 0.58
C9.00.84 9.00 25.39 55.56 0.84 67.40 14.98 0.59
C-9.0-0.02RS 8.85 25.60 56.50 0.02 79.80 18.03 €0.70
C-9.0-0.06RS 8.95 26.81 55.87 0.06 84.60 18.91 0.70
C-9.0-0.48RS 8.83 25.28 56.63 0.48 59.80 13.55 0.54
C-9.0-0.49RS 8.70 25.55 57.47 0.49 62.60 14.34 056
C9.0-0.71RS 8.80 25.55 56.82 071 6180 14.05 0.55
C9.0-0.77RS 8.70 25.55 57.47 017 50.00 11.49 045
C-12.7-0.00-1 12.80 25.20 39.06 0.00 154 80 24.19 096
C-12.7:0.00-2 12.80 25.09 39.06 0.00 159.00 24.84 0.99
C-12.7-0.00-3 12.80 25.09 39.06 0.00 157.40 24.59 098
C-12.7-0.00-4 12.80 25.03 39.06 0.00 160.20 25.03 1.00
C-12.7-0.00-5 12.90 30.16 38.76 0.00 192.60 29.86 0.99
C-12.7-0.20 13.30 29.52 3159 0.20 159.00 2391 0.81
C-12.7-0.25 13.30 29.51 37.59 0.25 162.96 24.50 083
C-12.7-0.26-1 12.90 30.46 38.76 0.26 159.12 24.67 081
C-12.7-0.26-2 13.30 29.34 37.59 0.26 160.00 24.06 082
C-12.7-0.36 1291 30.32 38.76 0.36 158.40 24.56 081
C-12.7-042 13.30 29.47 37.59 042 145.00 21.80 0.74
C-12.70.43-1 12.90 30.49 38.76 043 153.40 23.78 0.78
C-12.70.432 13.30 29.32 37.59 043 140.40 21.11 0.72
C-12.70.52 12.90 30.15 38.76 052 14390 22.31 0.74
C-12.7-053 12.90 30.29 38.76 0.53 148.50 23.02 0.76

notation of specimen number ;e.g. C—4.5—0.52RS
C: compression, 4.5: plate thickness,

RS: with residual stress
; yield stress

yaar i ; ultimate load
Wo ;initial deflection  Om=Pm/tb ; ultimate strength

0.52: wo/t

t  ;plate thickness oy
b ; plate width Pm

-
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Table 3.3.1 Experimental results

Model Calculated (Beam Theory ) Measured )
Year Ultimate Mt Remarks
Type Symbol [nitial Yield Fult Plastic M, M,
(M,) Mo
5 | 88300 21.5¢°™ 35.6°¢ ™ 188"
s}
T E -05 7 o 16.8 Face Plate is Clamped at
3 3 :
= - -10 ” ” 16.4 the Section of Tripping
L 3
1972 |8 © -15 o ” 17.2 Bracket
n <
-20 o 7 17.2
£ §|F5-S1.5-00 18.2 32.0 13.0
= om
g é -10 ” v 12.3
5 3 -20 " % 11.2
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-0 v ” 17.0
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5 O -05 v " 16.1
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)
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n <
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= ()
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5 3 -10 % % 14.3
T
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£ o -
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Fig-3.4.1 I — Column specimen Fig- 3.4. 2 Strength of imperfect
I — Column
*: Loading is finished when web
plate has buckled-
4 =Slenderness ratio-
Table 3.4.1 Comparison with experimental and theoretical results of [ —Column tests
experiment theory
model Pm:lx / Pc
Pmax Pc Pbp 1 * Pbpz * Pex P2
H 400 120. 0 *Ton, (]170.4)Ton 665" 135791 188Ton 18g7on (0.70)
[ H 405 | 119.7 100.3 119
H 410 102. 6 86.1 1.19
H 700 87.5% | (113.1) 6674 125 188 188 0.77
H 705 91. 2- 72.4 1.26
H 710 68. 4 54.6 1.25
H 1000 142.5 (100.7) 665 12517078 127 188 (1.41)
H 1005 64. 0 57.5 1.11
H 1010 51.0 42.1 1.21

P, =Initial yielding load.
Pypi» Pspe =Buckling loads of wed plates, respectively. simply supported and clamped.

Poiv Poe

Fig 3.4.3

*

=Eulers buckling loads of columns., respectively. simply supported and clamped-
Branketed numbers are the number of half wave in the direction of compression.

Only one half wave is assumed in the perpendicular direction.

| —

An object of study

S m—

A4 type 8. type
C - type

Fig-3.4.5 Loading condition
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Table 3.4.2

Comparison of

experiment

& calculation

(For the case of sinusoidal initial deflection )

experiment calculation by matrix cal by
maximum method :  timochenko
initia - - -
model defiection ultimate | ultimate | initial yield initial yield P, /P,
Amax mm load 2 g
83 load load id load id
P,ton |B3|P ton| Py ton| S | P ton side
A-1 —2.8 9, P 98.9| about 95 fuj 96.0 ) 1.00
A-2 3.6 94 | P 93.3 » 89 i 90.8 Y| 1.01
A—-3 9.3 87| P 89.0 » 81 | 82.6 | 0.98
A—14 18.5 73*% * 80.4 # 70.5) 1 71.5 it 0.87*
B-1 0 148 | Q 136.8 »136.8) I 136.8 | M| 1.08
B—-2 10 143 | Q 135.4 » 130 L] 122.7 | 1.06
_ # 119 E
B—3 27 128 | P 127.9 120) ) 104.8 L] 1.00
_ 7 50 E
B—-4 96 88| P 88.5 (84) ) 64.6 U] 0.99
c—-1 —-5 151 Q 134.6 ” 125 [u] 125.6 M) 1.12
c—2 5 154 | Q 135.6 7130 U] 130.5 [u] 1.14
cC—3 20 130 | Q 131.6 7113 [y 115.2 ]| 0.99
— » 55 E
C—4 85 105 | P 94.3 (75) ol 77.4 ] 1.11

End condition ;

A —models are simply supported . and .

M}; Compressed initial yielding at mid -section (P).
th: Tensiled initial yielding at mid -section (P).

E

*

Amax

ase J

Fig-3.4.7

» Compressed initial yielding at a near end section(Q).
» Crack at tensiled face plate of mid-section.

Amar

case 2

band ¢ models are clamped.

:‘l t l’:
=y v =
Q P &

Collapse Section

Initial deflection and loading

Experiment  Calewlaton

asr Sine Curve o
case 7 a —_——
Case 2 x —
| !
o 7.0 20
Amaz/r
Fig- 348 Punax/ Py — Apax /T curves

With consideration of shape effect of
initial deflection




Table 3.4.3 Test results of struts with another shapes of initial deflection

ini.tial deflection maximum loadGav | P, yeld load (torw | buckling
specimen /S load
case Amax m| exp P, | cal. P. P, exp. cal. exp (tor)
B-5 1 50 141 127 1110100 @ | 88 @ | 140
B -6 1 112 99 9 1L03] 40 ® | 50 @ | 95 ®
B -7 2 41 148 131 113 90 @ | 86 ® | 140 ®
B-8 2 100 - 93 9| 098 40 ® | 53 ® | 90 ®
C-5 1 32 168 138) 1220 90 @ | 108 ® | 155 ®
C—-6 1 103 107 99 1.07) 60 @ 50 @ | 105 @

Poirls and zones of yielding or buckling
@

T T LT TYe P awes
©®
@
case 2
®

og

0

H o7
06
[+
LE

¢ —— = ot

03
; 03
b —

SECTION

[oA)

OL 02 04 06 08 10 08 06 04 02 o]
b /oe —t Pe -

Fig- 3.4.9 Biaxially loaded H -column
with initial deflections Fig- 3. 411 Column strength curves
Case le,/ry=e, /'t,=7
Uy = Vp — 0

T expenment  calculction
o8l | 1 T4 1 series o
o 73 HT series . a
117
o8 14 (8 T§'|’5
2 15 g6
" ! 3’%9’ 7 v?n;‘o ) —— casel €r, =00, = §, Uiz
’ ;‘“l ! R —-= case2 euxe, =0, U, =Voft
|

04 ey

i

02

0 01 07 03 04 05 _ 06 07 08 09

Fig- 3.4.12 Comparison between the
effects of eccentricities and
initial deflections on column
strength

Fig- 3. 410 Comparison between
experimental and
calculated results
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Fig 3.4.13 Combined effects of initial
deflection and residual stress
on column strength for the
case that the elastic buckling
load (Pg) equals to the full
plastic load (Pp)

Parameter &« = compressive residual stress

(0,.)/yield stres(oy)

Table 3.4.4(b)

Table- 3. 4. 4(a}

both calculated results (Ht

Comparison between experimental and
series tests)

ratio of cal

eccentricity fm initial deflection maximum load (ton)
o) to exp
test
Na experiment calculation
€= ey Ug Vg P /sz PIZ/Pem
Perp| Pe Py

HT 1 0.5 14.8 9.738 94420 221 22377 | 22.6% 1.013| 1.027
HT 2 1.0 0.9 -0.555| -1.128] 446 | 40.446| 41.640: 0.907| 0.9%
HT 3] 20.1 31.0 4.732 4. 183 1651 15097 | 14.906 0.915| 0.903
HT 4, 134 131 | -8.893| 99277 275 23502 25.975| 0.855| 0.945
HT 5 3.5 30.0 4. 647 5.312 19.9 | 19.791 20. 151 0.995! 1.013
HT 6| 20.2 210 | 10.348] 9.488] 138! 14204 | 13754 | 1.0361 0997
HT 7/ 0.5 31.07) 9.327] 10.126) 209 17.763 | 18.240| 0.80! 0.873
HT 8 19.4 0.4 | -8658 9.8 264 237131 25763 0.8981 0.97
HT 9] 10.45] 30.93] 10.642 8. 278 16.5 | 15.657 15.527 0.949; 0.941
HTI0) 20.1 29.7 | 10.110 9 128: 12.05) 13.631 13.260 i 11311 1100

Py Calculated by an incremental stiffeness method
P, Calculated by the present formula

Comparison between experimental and

calcul ated

results (T Series Test )
eccentricity initial. deflect maximum load eccentricity | initial deflec- | maximum load
tion mm) (ton ) tion (mm (ton )
Na. No >
P,
€z €y Ug Vo Pezp B2 %:g €r €y Uy Vo Pezp P2 E;:Zﬁ
T1 0.08 0.05]| -0.56 |-2. 01_ 41.83 143.41(1.038 | T10| 10.08| 29.43| - 9.35 | 9.21}22.65{21.14|0.933
T?2 0.08 1.10| -5.75 | 5.19 |35.2 [34.40|0.977 | T11] 19.60| 30.60| - 0.40 | 0.10; 18 15}17.76 | 0. 979
T3 0.35 0.50] 9.75 |-8.80 32.6 [27.86|0.855 | T12| 19.63| 20.05| - 5.10 |- 4.69| 22.35|20.82| 0. 932
T4 0.33 15.25| 0.7t +1.58 [39.25 [34.26 | 0.873 | T13] 19.35| 29.48| - 9.35 |-10.28| 23.2 | 24.651.063
T5 0.8 | 1575 11.16 | 9.84 125.1 [22.11|0.881 |T14] 9.75]/15.30| - 0.45 |- 0.18| 29.7 | 26.66|0.898
T6 0.675 | 30.28| 0.65 |-0.76 |24.5 |24.52|1.001 | T15 9.05| 14.83| - 9.8 | 9.67| 30.7 |27.31|0.8%
T7 0.73 | 29.68| -4.34 | 514 123.05 |22.16|0.961 | T16 20.08] 0.18]| - 0.24 |- 0.10| 24.47 | 20.10} 0. &1
T8 0.30 | 30.10] 9.32 {11.06 {22.75 {19.01|0.836 | T17} 19.20| 0.08|-10.43 | 9.25|25.3 {28.69|1.134
T9 9.75 | 29.18| -0.02 [-0.63 |21.6 |22.23|1.029 | T18] 19.13] 30.13| -10.34 |- 9.48] 27.8 | 25.03 | 0. 900
x10°
20
. ¥
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Fig- 3. 414 Strut length and area

Fig 3.415 Strut length and moment

of Inertia




400,000 ton

300,000 ton

Table 3.4 5 Samples of struts

200,000 ton

100,000 ton
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Table - 3.4.6 Particulars of struts
*1) *2) *3) moment of inertia | shear center ** torsion*® rigidity
type |name equiv. area (x10%%m*)

(x10"ton )| length | (x10"mf ) *x107m*) | (xX10"*m®)
DW.yard | L {m A [, [, X Yo J r
CF1l 8E 95 5.1 0.91 0.12 1.3 29.7 0.80 0.9
» 110 A 9.5 4.1 1.03 0. 46 0 0 0.66 1.45
» 115G 13.3 6.7 2.20 0.44 0 38.8 0.77 1.94
# |25 F 13.8 8.6 3.18 0.76 1.3 43.6 2.04 5.50
» |41 B 19.2 12.7 10.6 111 0.8 48.0 3.64 34.4
CF212G ¢ 10.9 4.4 1.03 0.052 0 0 0.68 1.63
” 1 ” 5.2 115 0.12 0 0 0.86 2.45
v 112B [ 8.8 3.7 0.62 0. 068 0.3 13.7 0.32 0.%
" \ ” 47 0.87 0. 062 0 0 0.89 141
» [14H g 11.2 4.3 1.36 0.031 0 0 0.59 1.09
P it ” 4.5 1.36 0. 098 0.4 38.5 0.53 111
~ 120 A { 11.1 4.5 l.52 0. 061 0 0 0.41 292
” " 6.0 2.33 0.11 0 0 1.17 5.78
#~ 121D g 11.0 4.0 0.69 0.14 1.1 36.3 0.34 0.12
" 1 ” 4.8 0.89 0.16 0.9 33.4 0.69 1.57
»132¢C g 110 5.0 1.65 0.082 0.1 16.0 0.87 1.73
" 1 ” 6.4 2.41 0.14 0 9.3 1.69 5,04
7 125H 14.3 6.3 1.78 0.18 0 0 1.17 4.41
” 1 " 82 2.44 0.34 13 44.3 2.33 6.33
~ 126G g 14.0 6.1 2.39 0.2 0.3 25.8 1.1 4,49
" N ” 7.1 2.73 0. 41 0.5 28.8 1.38 7.27
# |2TB g 13.6 6.6 317 0 18 0.4 34.1 1.16 5.78
” 1 ” 7.2 3.22 0.37 0.6 36.3 1.24 5.8
» [28A ¢ 13.8 59 2.04 0.21 0.4 23.5 0.80 597
” \ ” 8.2 2.43 0.35 0.5 230 1.8 6.9
» |37TH g 14.3 7.4 3.62 0.30 0 0 1.56 19.0
” \ yoo- 9.4 4,68 0.39 0 0 3.37 24.9
» 140G g 10.7 7.6 2.5 0.38 0.6 28.5 2.15 7.82
" 1 " 11.0 4.85 0.79 2.5 70.3 3.04 16.9
CF3[32GC 13.7 5.2 2.01 0.12 0 0 0.61 6.4
” ] ” 6.8 2.92 0.27 0 0 1.34 14.8
" L ”o 7.4 3.15 0.9 0 0 1.66 15.9
SS1{18 1 9.7 7.7 8.64 040 | -257 60.7 0.54 58.3
v |27 | 11.8 9.6 12.0 0.77 -337 73.5 0.88 123.
#1411 18.0 14.8 19.2 59 | 515 |-626. 1.84 515.
ss2l 8 9.0 2.3 0.36 0,018 -100. 0 0.20 32
#1231 g 13.2 5.8 2.7 031 | -~260. 71.8 0.45 14.7
" 1 ” 8.3 4.11 0.02 | —406. 85.7 1.11 43.4
HM 13D g 8.8 3.6 0.73 0.16 0 28.0 0.29 1.06
CF 1 ” 45 0.77 0.15 1.1 44.3 0.77 0.80
HM 23 C 9.8 1.2 4.19 226 -4.8 32,2 216 68.3
» 1928 A 13.0 9.7 3.48 2 46 0 -73.7 1.62 19.3
» 130 C 1.1 10.0 3.49 2.35 -11.8 | —125. 1.74 18.7

* 1) The number next to alphabets is the number o struts in the trans - ring wing.

CF © Continuous face type that the face plate of strut connects continuous] to the one of trans'—ring.

55: Linear type that the stiffener of strut connects perpendicularly to the plates of hull and longitudinal bulk head.
HM ;Horizontal main type.

* 2) Alphabets. (A~ D show the identification of ship yards.

* 3) Equivalent length is between the both centers of webs in the trans - ring.

* 4) Coordinate system. 3 :
*5) GJ=St- Venant’s torsion rigidity. o R
E I'= Warping rigidity. T o«

0
S8 HM X
O f——=x °
[
y
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Table 3.5.1 Allowable imperfection of secondary members

Ltem Allowable_: N.B.
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pping 6. Imperfection

0. PL. thickness 7
d/1 = 2 . &
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d: Imperfection

t: PL. thickness
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3.6 BREHEPABEOBECDNT (HY 0 BERFHAAE W.G)
3.6.1 @RC&HIC

1969 4E & b 19‘71‘-’£HC7J—\H’C

) Der Neuen Donau Bricke (A —A t) 7, 1969—11—6)

i) Milford Haven Bridge (4 Y X, 1970 -6 — 2)

fil) West Gate Bridge (A —2F3 )%, 1970 —10—15)

Vi) Koblenzer Siidbriicke (P, 1971 —11-10)

& A% 200~300 m DRAKGFKBOEERI OFYMBITOTFCRE L, Thd RO SRGER « fikgic
L56DTHY, RAML BEICHL TOMEFOFEICLD T EDEEWNBRIINTO B Lo tcteHhTH
H5EINTIN A,

MG B DERDOBEIC KT TEE ] KOO TIRMA T BSRI27T M&E LT, MOS0 EKEZVZE
BLBBORETHY, TOEBAMEBL, LBLS THE TABREERICY > TS £ KM X4~ XHkT
#HW. ¢ mtE s,

SN OBROBE RO ZDRINICHT 2 B E 53 A, ARETE, MECHROHICSE S bid kH
BMOBESE, A SRR TN O RGHEIC DO TRE T H N1 Merrison B 20U %84 1C 0T 2 OMEA

BB EET B,

3.6.2 HEBHOBE
1) #=2MV7, v4—viiB4 5=~ THBRDOERK

ABOMEIIFig 3.6 LICRT @D, FEFMIC 210 mE 5 B REMZE5LE 412 mo = R SEE 5

T, ZOWHE —>DOBox girder L0750 3138 mif B OMEIMEETH 2,
fERAM I ST 52% T, BIGLERITR M D 430kg,/ f DM TH 5.

Deat, WA 4033 Wagner - Biro Co-, #% (Proof Engineer ¥3 T. H. Wion ® Stein #i%T® 3.,

B D HHEFig 3.6 2 1Cnd M L THETH 3,

B SN HTICKRA, WDMMUSBRICTE Lt BYIFig 3.6.2 DM, £I5, KIOTM, M,
RUCHEERI A D 7e s, BORMIC O 58, FHH WML - 700 BRI, FOCBBEREL:FH7 5 v
YOFMIHEL Fig 3.6. 3 WCRT % Wil E (bSO R BT b THVBFTTH b,

PFREOFRIZKXEDOHY & INTW B,

1) BB BUIGHEI FEBIEHETI D » 10 & &,

i) OIS B R SN 51 T &y

D SRR SISO MR IS ERE L7 € &

VLD BFRICED, A =% b ) 7 ORE L TORRKM (HEN, BRICHL TLE5, SN L1%5
DREFR) TH, KEREM, HTI 28700 TH b, 10h, MENCKEEIIEY 5 TOE0,

2} AFVR, 9 =R, ST = F e AT VEOEY

AHE ORELY DI IOV TRig 36,4 REBY, MBI SRR 0% & 821 mod 7 B sk
MG TH 5,

MM IEBS 968 (SM 50 M), HUAT B S 24 0 #i 75 (3 300kg,” of & I ICHELY,

i itid Freemann Fox & Partners Co., Milli3 AE Farr &, Y J. T- Horsley L T& 4.

*LOEE GO, BR (EH , B (5%)



FiIFig 3 6.5 IKRT L BHOLTCHTBERL, F2EM2WH600 b 3K %, HHE4E AGH
6 &% L%k, |

FHFEREH 070, Merison BEFHSHERBEI N BT 2 ABDOC AREDC LMY HICE Mt

i) FHOKKIEHWOOMBICH 2 MEABD LA+ 7 5 AROBRICE > TH Lteo 2LTEOF A+

5 AR O IRI

i) EMOBEHROEFAL TS0 PHRICHR - TRERZEBNEETH0, KL 2B N iih-7,

GtEETEMm 1285 v &L T 20, EHEOBHIETHBEL AL LTS 500 + ¥ TER,

900~1300 F Y THET 2 LoD, BEERCEIEI L UEAL TV S EHEEIN TN S,)

i) #4% 73503 HEMOXETIOmBEONMOEBELEL TS,

Vi) BRLOXFBAEBL LT TH e, RAWR- THEHA L,

Hr BREODEDDOBEHRFET - cdE2 LORBNIEL, BIEROEPHEELNO FEBT NICID -
THREBLLELETETLE 1B TH bo
3) A—&RF353U7, ArELVE, 72X bF - FEBOEK

AR OMEE % Fig- 3.6. 6 IORT . HREMB 336 mDFEMHAE 2L 848 m D 5 BRMEHI A FHKREL T, &K
60 mDBERTH S, WL 3 BOHEEFEHIT, BKIA0ke,ndd ERIMAE AL, WA KAEFME 250kg,”
mf EEBICRNEETH - 72,

it & LS P2 Freemann, Fox & Partners & Maunsell & Partners & @ Joint, ML (3 World services
& Constructions pty. Ltd: & John houand pty, Ltd & D Joint Tdh 5,

HEHHEELTR MEBBHEFHFIMIC2HHL, HETHITL 0y 2529 % v 7 » 7L, FHICT
BRICEID —KOTLMAEON LT 50 & & L7 L, ABRAY EEMICEDHEETH 720, §l
PIOLNTHEEL L THEBELOHDTH 5,

FROEZAHL, @ ORBOEBRKBELT I 7A54H 0TI, THibL, FREDIEY v v xT v LK
L& ARO7 7 v OIREBAHE U 8mBE -2 b DX EBICAE L1r, BHERO-OTIRC OBHOEND D
cnd O, KEHIMCHBEONSH > fedh, Vv v FTHBELZRALMBI T QDT REHOH DHC 8
b7y 7 THOBTREBEELBSEIE L, TDTALD, FRAMEDOLT 5 v SENEBELLD, 5
FLWHTY, 2T, 3V ) —bT Ay sEEBALHRBORESR b AITRIRE L - B RRCOEHD
S by, BN OMOBBICEBEEBBITL, B MMEICS HIE) WENBITLTH2D, Hidks
ULTEEBES, EYOKBEEEHN 1 R L TFRig 36 7T0XNEHEEL TERB L. AFHICLHIHBE
L, MHIBBORABEEH Ui,

FRHOFERAR

i) BEPRTESARFORL 20Kk fclcd, £4¥ 77 65N L THTFRICERSLH D, W

A ehTHFNnE s -1,

i) MEAICIITHRICEEBESHD, BRIBELSLOIIBANLI VIV - Tu o 250 THEEA4EL 2,

i) FESHMETHD, &5 L THMHBENIC (R s, F ET75 2R3 mESEHLTED,

RICE7 723 a vy ) - PRIRA AR S € 2RO DE B0, BEEEZEELPTOEBAETEE8n

DERTEE S TEAKICEENS - 12,

VLB EROMIc, RFBEABETH L L, BEE BIHE BIEMOEROES, THOHKNH S
PREVERL THER DAXKMNERBAE DV TRINLTR- LB EIN T 2,

@) v, a7 v rvil, 54 VEBROBEK
FEOMEL Fig 3.6.81CRT, 2R4QmOZEHEEHBFIBETH 5.



* 2

AT Fig. 3.6, 9 WRT My, BX1Tm, 91 b YO 7 oy 7 &k L LEICED TSR THGT 5o LT
V6RO 7 R, BUME & 4R8N MAN L Proof Engineer {3 T- H- Darmstadt & Kloppel B ch b,

FHRWAE U< Fig 3. 6.910RT T DI HEFI34, WEEHI3HREE L.

FEHERRZTFLT A PHEEDHTICLOKRDT MY oMLl -1,

i) IR THL IEEBTHCDHI I BET &,

i) B DB S S E BiE IO B 70 Fig 36101 R T80, 456 e 11 m D IEHIEIH 53725 H

D, ITNDHEIBOLREBEL P LA

MBOLLFE L TCDINTBHBIC LS & 125~ LBMBIMTH 5 MABOBIE169 £0H Lchs, Yt s
2mhE - h e, C DL S I — BN DA, EAR%A LT LS B, WANEHO—HKL T3
C ol TEEN b o oBE POk 1 - oo BHALD BRITHE A AT EUCH o e B RBER IC KIS 5 ) & D
C & TR, C OSBRI L, D oIC ) BN EH IS @R L 0 A L L Db il
L., AMIRAFROUET 26 LT, L0HATESRLITIICHTFHILE LT,

/o’a" //:725" S asn J/ﬁt&.w”
(ay 76777/77777777/777 ———————— 7£]777777_/

l::——— 15.69 ™ /56¢”‘———4:1
) ~
403”# 75677 I— 8.7/0" 756" 2.08

,m~25";r 350" 200110, 300x 20

i |
(b) Lo R OO N LS ST AR AR BRSS!
| . |
k)
o
1216 G 1216
] L
0~30 Yy 3ol
e
feeer—————————— /5. 66

Fig. 3.6.1 Profile and section of der neuen donau brucke

22077 2/0 "1

&2
BT 6257 7217 8O
(a) P —{ 285"
[
FaY M, Y 13 7N
Position of Buckling Position of Position of

Junction Buckling

(b) "‘-41 EW

> [y — — — -— -
Tentative Bent *‘ T 7entative Bent
Left Prer Right Pier

Irig- 3. 6.2  Positions of buckling and frection method

LmoZy o5 OK 27 70y



(a)

A NN

g0 a.o* 2.5 157 a.0"
T
?»0:%_2-0
. 1 1
11
+ r60xr2
= )
(3) 77 O
Z owgitadinal Y { % P
Rib 12 N o 580
’ 3T w s = 200 % 12
0 x ! ”2 -
b NS i
L T =1
— 1 1 _|_
pE—
[ 6o —

|_2 0™

Connectron of Web Plates / Pasition of Change of 1’:
Thickness of Bottom 70 72
Plates and Sections of

Longrtudinal Ribs

Fig- 3.6.3 Buckling of lower flange and dimensions of members

820~

77 ., 150 . 2s3 . /50 77 e 77 7T

a)

\J]
D T T . 4 I T T T 1 8 J
Y ﬁ S5
0|
Vs Y T  — 7
n <=
225%™
g70 b e

L2 cc)

Fig-3.6.4 Profile and section of milford haven bridge and erection method

fddad 77

22"

Fig-3.6.5 Circumstance of failure



J Fﬂﬂm/‘\ ¢ A NN

= ;l}ri || “ =3
e '7777'777ﬁ7l %/77 T 777
Y) sz D aq 324 rae é 172 6
-t
248~
; /8.6727 -
! 160", 4277 . 0.7 Y Vi
‘ ) . Feld Welding
Remnforeed Concrete Frmsh
N T— 1
T
. Transverse Girder P5 mm AT ’ ?3
Outer wWes Plate
S mm HT 4
Y mm iy N
. : Frold Welding
! $£95 2.20 .52
v ! -1
]
Iig-3.6.6 Profile and section of west  gate bridge

Crane

0/

3

Fig- 3.6.7 Circumstunce of

failure

Fddad

Stee! Deck Plate

Fig-3.6.8 Profile and section of

12.0

6.5

koblenzer suddriicke

rr& " |

7-Jection for Reinrforcement of Welded Part

Fig. 3.6. 9

Circumstance

of failure Fig 3. 6.10 Details of position of failure




3.6.3 XUVUERABABRE
(1) #HELO MK

36.1 GCif_E’\’f':1970i:E DINT 4—F e ~TVBOEHERMHE L TEEI Committee of investigation into
the design and erection of steel box girder bridges ( Merrison £H2:) Mk X, 197 Fich 4 & L
LT, “Inquiry into the basis of design and method of frection of steel box girder bridges-interim rep-
ort” DXEBUEFKRG A0y b5 VIR« U2 —AXXTH S 5BiTE N, chcid3ftidd LT Appendix AKRUB
BFANTEY, 45 Appendix A i3, " Criteria for the assesment of steel box gifder bridges with par -
ticular references to the bridges at milford haven & avonmouth” LORBED b LIC, T ORIETORE
ABLZFEMCHEML T 5,

1973 & S 1974 FiC i ¢, RIEEA LB REBEERIT L, ¢4id, " Report of the committee "% EX&
L Appendix [, I, M 5MIESN T 5, EXTRERLOLIBE 4EDAEHHANICIRRIES DN
ER—THYH, Appendix @ iTHuf 52351 5#(3, British standard code of practice DEEEEMNKT L, #r
LivCode TS 2 E TOHENSEDTH 25, HFCode DABIR, TNERELOEDILKETHAD LB
NT D,

Appendix [ 3, REETOFEHSCTHY, " Interim design and workmanship rules” DL D & &Ll
TD 4 Parts T3 TN 3,

Part [ Loading and gereral design requirements

Part I Design rules

Part I Basis for the design rules and for the design of special structures not within the scope

of part 1

Part IV Materials and workmanship

Appendix I, M3, Z#EH" Summary of research work undertaken for the committee ” * Recommen-
dations in the committees interim report " & DFEZ T, WTFNGHBHLAEE S SDENTH 5,
LTIz, Appendix 112 &N $EHEDEL HDH 5T LA Parts DRACE S bR FHE LT
FLo, —MHHBLEORNTLADTHERT 2,
(2) st
MEHHGEOLE, LT O >0 AN R EANCHES L b OTHEFRIZE S0,
BHARA R (A X rs)CE B Dok < (BHARIRAIICET 2 Horl5 1) / T s -
( Unserviceability design)
WSSt (A X rse) W& B Nor N (RBRFRICET 2 Horlo N1 /7 me
(Collapse design )
2CT, HHAATE IMEYOEMBEL ST 2 00 ICHEBSLERIREL X L, 20OBAE (ERRARR)
LT |
(@) BEEDKABESIC K B BB KOMULELH 2012, Sk REDBEE
(b) IEHDBBRRIE A MZ 5 XSS EEER, 7051, @‘fﬁﬁﬁ)%bfé’fiéné%ééi%<
(¢} FEHBERL
BER B, —J, BERALL TR
(a) K8 DX Fiks 0z A
(b} HrofEEMrmics o T, Wil Assseil L BANC REa



(c) BBEFicHO TN R, SBAAEY, BRHIC OO TR (EE SO AR MG h RIS % B x
5&%%,ﬁ%Wﬁmowtm,mmn%&w6§£@mQME%Lfﬁ%%ﬁﬁ%ﬁ@éﬁéﬁ%&@ﬁt
T 5,

(3) R MR & MR

la) ARELEHER

AHOBKE LT, WAE FHaE QR0EAE RS, Rl RESE ARRICKAMESEE
A, BOBOREERCHBERERE 5TV %,

P BEIC DN TR, BHOREICH L TEBORBD rees Tme » Tss » Tms DIEEZKDETEI TS,

(b) LMK

WEVE R IC L 0, 2 BT, BIML RO A BT L, WOHWEOME WA, A AR B o JHERIRE M
Jid, WriliA KT S REER O R AREIC S & T <,

(c) Wﬂ%ﬁ

SO MR O SR RN D BN ATE RS LT INURENIC & 2 BG4, @ MA MHICEIS

J1, Wi ZE M HIC & 5 IS M UM TIC £ 2 055 S 0% 4 MU R B ERIC L > TR, &

HEHE LTHINT 50 COLDICLTRDILILANHICELY, FERATRE EFRREZBRIAS 2,
AR AT BUE L2 TR E K E XEAT 5 U1, BIEOEE LMo 2P\ E BRS 5700

i A O i N EEAE T3 2 2h RO BES SEICE U T MM FERTE G2 MO TSR Z 4T

Ly THRIT S & DU Th B H OB BN S0 B RS 0 FUERR £ AT b,

Table 3.6. 11, ¥PBEA L BT 2EHREXZONBEL 2 RITT 2 T Emnd, 0k, il

HEAE MBS CEZEUBNTTETH D, SNCKERERIC L 2 BRERLI ZHER LTS,

(d) BFEERsTREED B R AHE

BRI 53 5 0 MBS U TRBRICE DRI L 26 £ X 50 RRIRORBATEZ oh i ERA
ARAES SO EBEEREIC LD BB EOBEERTHEARIT 5, WRELTIE, Webii& Flange fi&
Diaphram## % Cross - frame 3% Box-column # # & U Connection #&T#H %, #1AL1EX, Web f&EICT 2, Web
plate panel. web vertical stiffener &% ¥ Web horizontal stiffener DB EETN 5,

4)  IRARERRIG ) oMk

la) BIEEFILIOBRE

SR TFRRICH LTI £ — b ER O RO THIERT MRS e BEy 8 Ak U
/EY I TEHITHS

(b) W HRH IS 0 B IEE

WAL E B TR, (HERAIEIT 7 me) DELEEE U TEHEZET 55, B B (R F O I
E U TIHMEMNC D R IS LT IS 50 c DX S8, CNCil~ o SRR i L THIET 81 &
L T stiffened flange panel O F-#ik i N s34 4,

FMEBNTC B O T, AT BERIGIC Sl s A p s A A 2 BE L T M HAs £ 50, H
BUE, ADCHT A4 mMIEHE LT, T ofld LT3 Unstiffened plate panel +° Stiffener outstand
W& %

(B5)  WHHASEE D KL
PRSI, MM EONEOAHE BHE SO BROARE DT TEIL LT ENTE D,
(a) 4

Diaphram Hh 4l 3% & (Bearing ) (<59 % £5 # 4 10 O oLy Diaphram iiPNHT B 5 DR RO HED
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Table 4.3.1 Mechanical properties of materials Table 4.3. 2 Specimen ircluding root
gap
Thickress | Yield Uit ¥
of base | strength | tensile |Elongation
plate i streng(h
L{mm) ! tkg/mm?l (xgimm?s (%)
— 12305 | 464 | 283
17 1 300 | 4449 293
19 . 277 | 461 | 293 |
t
25 | 300 | 467 | 303
. x Gage ienglh @ 200 mm o Static test
® : Fatigue test Thickness
: L s
Specimen No, ReA L. ‘pase plate
1265-10 e -t g Rooty
(in mm) g Redt e o.\gap
‘2“{* W.60mm (for static test) -t- R:Rule leg length
ECRWSE 80mm (for fatigue test) A:Additional leg length
25125 .
base plale
¢ross plate Table 4.3.3 Specimen with
\ o, _ , bevel preparation
[ 1 - =
i -F 3
—lag- - (in mm)
I e - - [t 12| i
i [5icel -
t i ' i 8 o8| =8 Y
I ol 0 L S . A4
] J 21 ?
N ) 7
“ O Static test 9
® . Fatigue test Root gap
Specimen including root gap Specimen with_ bevel prepration  Specimen with 'iner treatment Specimen No. ( Del(fjore )
- — 0 - welding

(A-type). (B-type ) (C-typa ) 1ZG$§C

Fig.4.3. 1 Dimension of specimens
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T 3RS I BR e U 7o SABR A R L, BRI IC & » THg Table 4.3.4 Specimen with liner
BRSO & D ICE B EME L1, Tables 4. 3.2 ~ 4 icBiT treatment
EALET I3 BRI E . AT SR A T - 72 b OTH 5 6
Th, KBICHO ARG RPICEEL 2 BANCEE > T
5o

B OEEIDBEEEERO - TRHRROFEEL L,
dmn ¢ OFEEE (MRSmDEE) B HOER 170~ 200
A, BEE2~24V, & 270~ 300m,” min T, 5mmd OIRIEHE
(HERTmU LOBE) 2HOKOEHR210~ 250 A, BEX

~2V, 240~ 340m mink Lo BE, LEOSIRMIE o hiow s 6 sion s men
L7 4 +HRAEL 2B T3, 45T BENUEE b T 80, Ta025- 7505 T
BANCHR (Cross plate) & 5 4 7 OFE%E, KNTIA + T ;Q;EWA _Efﬁja
B (Basc plate ) DIFHEATT - 12, x:Addmionaily as'weid and Breadth of liner

stress relieved specimens
are prepared

(2) EmKNit
BRI BRI R RA # 100 ton O A v+ B 7 ke R G B4 H
¢ 200~ 300mn min® | KEE T - o,
55 a3 it [ I | SRR T RER A G, AR LRI 500 ~ 600 ¢ min DR EY BRI E FCiT- 770 R
KRS HORMBEEUM L. £ LTR—EHRBETH DR ~F v » 7EORERF 253 Fl—0ORE A H L
7o

4.3.3 BMFRECRET¥+ v TRBOEE
(1) #Hy5|ekemE
(a) HIUMPEAPLL 7056 OsREE

BIUBIRILIE L SR (A ~type)DBISRERERAE B4 Fig 4.3 2 10R T, HOMMIZMT ORI /AREY Y
KA D BEARMTEAERDT, AANREELBTHM L0, BAMIERCTHE L bDOTHS,
F—WRICILTHF v » 7TEBRECEERTRESEBICEICDNTIR, Fro ZESAS IR ETA
BEBRECHE ST BT EDOERNCHPTES, CNOEMARIFFEEHBT AL, Fig 4 3 3 0ER
D& F, Fig 43.2DXMDOEHICHY, WFNEHERLS —HK LT B, COLICE v o 7D
HBHLEOMEREIT, BEOLALD B BICEMERTION B,

Experiment O Fractured at sections af fillet weld metal o: E‘perimema‘ results

- ® . Fractured at a secticn ot base plate : 10—‘
£ " e — : Calculated curve(d=g)
}1000_ Caleulation X 3 ,L(L‘
z 5 RO
£ e : 3
- &, . S
2 rd : w
H § e &N
Tsoo. POV S e - ; a
% HE— P : —_base plate

R : (rule leg length)+ _EFHd,
3 : (additional leg length) g~ AN depth of penetration
4 Adc 7 »depth of penetration
g g root gaop

0 ] T R TP S B | P : : : el of Jsly :

1260-5- 0635, 638 O58. G540 2607 263 7 126340 25607 25637 G010 256390 256313 2566 B 53815 0 1 1 i 1 1 . ; :

_Specimen_number _ : : 0 01 02 03 04 05 06 07 08

. g/F
Fig. 4.3.2 Static ultimate strength of specimen

i Fig 4.3.3 Effect of root gap on static ultimate
including root gap

strength of fillet welded joints
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@

(b) IO A EALEE L 7o BA ORI

O B L BB (B-type) @ 51REERES R % Table 4. 3. 51CRT . B I3 0" b T4 THM

L, ZDij ti B osm i L <,

T b,

Fop ooy TOMNIEREFT (12G 0-5DHE L DIL B PICENEE S »

imm}

h(kg

Table 4.3.5 Static strength of

— e
oeea, AT TN

Max. load per unit
weld_lengt
8888

specitmen with bevel

preparation
Max. load periUlt. strength I
Specimen | unit weld jon throat | Fractured|
No. tength section !
(kg /mm) (kg/mm?) i
12G0-5| 365 45.8  [Weld
570 | - Base
12o5-c 20 v
—— 1
1268-c| 9% -
560 ht
12612-c| 590 -
| 560 -

{c) J4 FIIAWE LA 0mE

2G0- 1256~ 1266- 1265 1208— 12(512 12(312 IZGIZ 11312- |2612 12625-12625 IZGZS- 12625

5 1285 22B5 3285 3285 2285 32B5 50BS 50B8 7585 5085 75BS 10085 50B8
_Specimen pumber

)

B B
O - &--.@_‘__ﬂ(,

g
P
5

weld length (kg/mm

Max. load per unit

)

O S | 1 1 1 1 | { 1

8GO 18G18- 18G18- 18G18- 18G18- 18(25- 18625 18G25- 18625~

-9 3689 50B9 7SBY 7SBI2 S0BY 7589 10089 100812
_Specimen number.

Fig. 4. 3. 4 Static ultimate strength of specimen

with liner treatment

Fig 434127 4 FEAREL 128 (C-type ) DFIEHBHRELRT, NoMEMRIKTFOHNGER

YDA 5 &Rl Z=HRDT,

TAFEE T FIEICE > THRFBEN DL S ICEHINDS
INERL b D Fig 4.35 Th b, NOKEIZZ 4 FITB & 5
£+ (£ 40 7l KHL) OEERL T2, BhoB/ g
B—FEMExRL, FOfdid
Fr o 7DROESOENEBEE LV, Bk, 54 +lEch
YA DI ETED 12 HIE K F S

MI3ILITF TR 7 A4 il R < BE

EORECT

(2) HH

(a)  HHU M RLAL 7 BiE

F oy PO INAESERE O RE LR 4

B D A3 2 0 o i i et B I A e A
Wl & TORKUEN, ZIRL TV D,

Fig 4.6 3 2R % &3ABA12G 0-52 < ko 2 ¥

SORERRE TS & MAE L, #NEN2

ITIRA IS CEWTEE, TOIIRXF— 202
WKy RRE R TH 208 &8 TIHIK@EE WD
Bk - TENEFNOEEA D SR & i M

BOME (S —Nys 8 &35, 55
B (1 Nf

g

—KL La)ﬂt@

BT HWH BRI 20Th D LS 4

CA-typeikBt ) oliE

. BN Dk & T

60| 5]

50 - 12

40 £
0
. 20 SN

0 1 2 3 4 S 6 7 8
Breadth ot tiner/Root gap (=B/g)

U, slreagth on throat section (kg/mm?)
B
0. e
- e
q -2! >
s
>
holms
o &

Fig. 4.3.5 Effect of liner breadth on
static ultimate strength of
fillet welded joints with
liner treatment

- Fig. 4. 3. 6 LR T,

A DI

Stress range on throat section (kg/mm?)

\ i
10° 108

e _ Fig 4.3.6 S—N; curves of standard welded
s e T o B .

SRILWOBE 0> TS =N RIS L7 Fig 4.3.7 joint (specimens without root gap)
KEF v o 7D 3 m O E I DU TR BB ATIE 7R L T %o 158525G 3-13 R4l BB 13 iific &
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BMERDSKE CELFERMBE TN T kY, FLBOBEEN - TED CHREROTL» SAL
7o Fig-4.3.6, Fig 4 3. TH»5 N, =10° RU10° KB 2RMEEICKIZT ¥+ 7TROES A RKkD b
D% Fig 4 3 81CHAT. —SBBRRRII2G 0-5 K> TOMETL TV 3,

Fig. 4393 ¥+ v 7Bg =m0 408
RERL TS, COBAREAEOARE THEE
FEEEIL S (BF-Tpe M%) »o4 LT3
L7ets-> TIIOKEENT TARK RN 26 12

* -
2560-10 MF © Type mixed WF and BF

N
jo]
T

o
T

Stress range on throat sectior (kg/mm?)

BTEDODLTWE, UEDTLDS 24 v TOELE
LTHF vy 7TRICHIE L THS L HAS RS 5 8
N378s, $iibsh, MEOCDOFESEEINTH o A
BROF ¢ o FHEAEL T KT OEH BT 0 Nf 10°
LT LUAGRE T E0H 5, Fig. 4. 3.7 S_Nf curves of A—type specimen
§_or ~
o0 o Ne=10° £
o~ o
Ggrod & Nisiof z
01 2 3 4 5 8
5
Root gap (mm) b+
MGl 4
N leakngh 0 | 3 s
ij“;“AJ &
L,__JQG,_,,;_,,!.JL; §‘
@
t

Fig. 4.3.8 Effect of root gap and additional
leg length on fatigue strength of

fillet welded joint Fig. 4.3.9 S—; curves of specimen including
(b)) MEDBEHEANEL 284 (B-Type RESE) Ok root gap

B

w
—2
]

bpe imen Fradureit/pe
No.._i 1.2

MR O IR U 72 B-Type RBRK DI B %
Fig 4. 3101783, ch o ORERF IR RT 4
BEFROWT N THEL 72, Fig 4. 31004613
WWERBICH T 2IENSRIEBTH 5, 10, ABRT
Fro FONGKERXBRS (126G 0-5) ®S — Ny

)
(]
i

Stress’ range on base plate (kg/mm?)
2

BREMLEL T2, BRSO N3 &5 Icia i 8: éi;J:“;jf;:’;; ~_

EHEDBEREH T OHETII D, X513 RO 6'.!’!“¥%f “?T\

RT3 RS OB AR L, AEAE TR 12 0 10°

G 0-5 Q)i}i%ﬁﬁiﬁ&d&*‘fﬁb(%b\@& R Fig. 4. 3.10 S—Ny curves of specimen with
fc) 74 FRALEL LBA (C-TypeRBE)D kA bevel preparation

7 A FHRALEE U7 C-Type SR OB 5BAERO—F % Fig. 4. 3.11 ~ Fig 4. 3.131CRL T %, C-Type.
HEF CRTIGRT Z>OWSEREANE S N,
D) #RE T4 S OTBREEL — PRICXBOREL, GEREBAZERLEETS L0 (LW-Type i)
1) EWE T4 FDOFBAGREL — MBI S HUBREL, IKESBNAEELRET 260 (BWTypefi)
FAFWBETA FE (¥F+ v 78Bg ICHY) O, TROLEB,// ghe B EASBOERE OBKER
RIS T3 LW-Type - IS A TIZBW-Type & 10 » T B, COWE, MiKE 5 4 FOmEEL— |
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Stress concentration factor

i (EH) oMYAl Fig 4 34IKRT &9
WHICERSE 74 7D (D) LbkE<, %
154 FUEE S A FIT FOB/ g BARE{ELIRE
RKEE-TWB, ZOLIICIENLh»EFEL S
EWICHIRE 74 F D ES SR (LW-T ypellf
B) 92 EMTREINZICELLDST, (KIGT
HITIMWRE 54 FOEER» CHE (BW-Type B

B 2L TR, 2D EICDNTIRICEEETT

Do

BRI s 2 iz Yo
OENES (DHD o8 (BW-Type B8 »s
Ul &I, BIRICKIBRBABEEL T
BOTRISODEEZZL, COLIEMTICEL B
RS 2 BERERIC X 2 BB ITIC & - Tk
foo WFONKHTRICK 2 EMME 51 FDEHEFNL—~

FIBICH R RGNS, M E 54 FDIEHEL — b
BICE@ I O RE G RERIE B L T B F
et E £ OREFT & IR IBESIC X - TEEE
RO IR D0 T, RSk T R ER
AT - THEEEE A BRE U 2o

957 R R4 Table 4.3.6 10T, ThicLfL
EERDEZMENTH L EBND,

Fig- 4. 315385 Wr & TO#KE LA 10° [ Kk U10°
Bl 0 2R K3 5 4 FIRO BB AT
LDTH B, HAEFR 2L 10° [QIFESEECR L T3
94#%&?4#@@&B/gﬂ45Uva6@

b ot L TB g 2855 LR D& ik Tl

FE DA IR

VAR

B3 —EMAR L, FOMIIFE + v 7O E

BEEER R DML EL - T b, Led-T,

FA FHACE - THF v v TUBAET 38T 4
Q
o
[We))
2-2
237
5'; DeaA'Om
3¢ t 12118 .18
EE g 125118 25
o Q
o n
w
£e
& W
0 2 4 6 )

Fig 4.314 Effect of liner breadth on stress
concentration factor

—109—

Stress range on throat section (kg/mm?)

Fig

Stress range on throat section (xg/mm)

Fig.

Stress range on throat section (kg/mm?)

Wi

107 : Specimen ; “Fracture type
No BW-typ type,
8 ,025 7585
« 75B8: ®_

758101

105 108
4.311 S-Ny curves of specimen with liner

treatment (base plate thickness=12mm,
__root gap=25mm)

818~ 7389'
S 75812 @

108 ' 10°

4.312 S—Ny curves of specimen with liner
treatment (base plate thickness=18mm,
root gap=18mm)

Specumen .n iFracture type
_ B ‘ypﬂ tW-type

TULT0089, AT
2589 -

Fig.4.313 S—Nycurves of specimen with liner

treatment (base plate thicknes=18mm,

root gap=25mm)

Table 4.3.6. Effect of residual stress on
fractured appearance
(12G25—175B5)

Fractured B
as weld SR (650(:)
BW-type

"Stress
range

i (kg /mm?)
L 200
i 150
! 100

LW-type




FIRE LR OMELIFICET 205 1 UBERA L To i

g 39 TR

M E A UMEAIEA C LM TES LER T SN, ﬁg o 1010

Fig 4.31612 7 1 ¥ BARRRK TH LHWEO DR H gE0 2 3 oy o

= R 1268 3T

NIbDTH b, CHICED EFEHDEOMEICHT 36 5 m__T*F44*;%%%§ :

. q_:’ - E,___ &8 )

HEFEHONE, BLHAEOBSRICOIPDOT NSO 5 ' _ Aﬁﬁ%gfw

MBI RERBRE OBFICIZSELOEERESL D 2, g 012345678910
F B/g

Fig. 4.315 Effect of liner breadth on fatigue
4.3.4 BALBIZRRETE » v TROEE strength

4.33-(1)—{(alikU 433 -2 (aMOEBRKERICK 3 L, 5 —
E- 30 i‘Spe'\jlma?n I_I;Jf_
MFREREAHEABRELTH UILESS L LM 1, 5 G505 0 e
: . 8¢2 o ¢ 12625758, 5 | 4|
ZCTABETRF v v THEATLEAR, HAABBED L B E 2 18618758V V|
8 30 ° LBSSLS&ZS,B_:_Q;Q,-
ST BN ANA DIRBEREIC SO THER L 7288 B DT 510 i
BB, R 6MEIC OV THER DAL BONEET  © o
£ 012345678910
-1 7 Additional teg length
4 Ot b
(1) REMURR Fig. 4.316 Effect of additional length on
Fig 4. 31TICRT & S0 H v » 7730 ~ T & BHEMICE fatigue strength

b3 2L LTHMe+ . L, Table 4.3 T IR IHELXHTHES ~ TmDEEET- 12, HEER
500m THEERF v » TONUNEI D SHEDTERE + » TO KX 25 HINCHEFT L,

Fig 4. 3 18R I HERHICBEL BAARd , KDV TLERF — 2 2RI BE LA OTH b, MOl
M3V HEsE, KNEBBERXMERDT, CORICEEEd, OTHEHIEF + » g & & bIKBML T
505, ZOWMMEBRBINSIC TS, CCTFYEAS SILLTHF v v THEBAABORFEEL 2
WCEALT 5 & Fig 4 3180 — A8 O £ 51015 5.

4.3.5 ¥ o TUEEOKRE

MR D E D BABMEED TRIM TEO A X, BRICTEEMOBERIMYEC LS, Lih->T,
RSB ORAMICIE, BEEARLTECIIARTHOF v o ZHEL BT E b ILEE 150,

BTHMEBED £ 5 RIEHBOBRELR L HAICR, BEORBICEEINIANRIGHEDEE B x L1l
SNTRFMFATLIRITT BFORERISIBRBERICODIZFEEETHL AT BU L ARENE VR b, £C
THERILDLESTHTFREELELZ L TRERABOBRENEXLLINTH EELOND, Lidia THE

18
i .
2 5-7
i Ve 81 —.— ldealized
o~ 4
N R— # 6
100 — ! -
o 5500 4 1501

Fig. 4.317 Details of specimen

Table 4.3.7 Weding condition

Depth of penetration di (mm)

Dia. of 0] — "
electrode L-O‘mm 1..5°rrm 50°mm 55° mm 8-0°mm o fela.(r:\o %f:’e‘?\c;
iPosition e ] penetration
Flat _ _ | 04327 | D4327 | D432} MR
19()-2%_0_/&@9:35(}& 240-2804 0 2 4 6
- | D4327 | D4327 | D4327
Horizontal 190~ 230A1210+ 7508 1220~ 3804 Root gap (mm)
il N B
up u=180a1 . L
| ol | - R S A Rl VA Fig-4.3.18 Effect of root gap on depth
04301 | D4301 B i
Overhead |110%150a |140-1808] — - - of penetration
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AAEL, Fig 4. 3 18I/RT LD ICHFBEICH L TEEIICHALL — S8 A HO B C itk - THT®mIE A
HEZDHILEILT B,
T TR LS, F v oo PHH - T bEDEHDD EWIERAE SN 5 5, T e L RRE O 2
NEFLC B, ChmbhoF v o TUBEEZBFT 2L ROLIITHR ST L1 B,
(1) F+ v Fhig HB5ml TOES
Z5m T, MF¥ELROELDHUOMUBMRABELET 20BL0THEA Do T L THLERLDOEEARRT S
FHDMUMEAR ¥ vv TRICHT 2EAHEOBRE IR LI Fig 4 3180— S8 E M5 &, KD XD
WIEH BT EMTE D,
0<g=3moE& A=0
3<gE=5mDEAE A=g ~3m
2) Fo o 7UN5mAERR BEE
g SmOBERTOEIEITHRETICLERNETHL, - THEFEEEL MROEES IR S1 FHIA
WG B B SNDL, MO EHEOBERFL L — 220 % 2L THOTH M LM 7002
BEERABD RS TN AMEL THIFEET 088 E L,
A FALEBA T IBECEHATE5 4 FEBRITE 3 0/h&0AMBL O TALOBES HMELT
2mT, (4.3 1) RICRTEHUOLDHEMTH D

L4 2 RAL0SB 3 himm oo voeee ooreoe oos woe eee s oo eeeeee eeeeeoene e (4.3, 1)
2L h: 34 FHRE R: HREME, t o ERBE
BE 74 FMAMBIGET S 54 FRIFEh iR (43 1) Xed (432) RoLHickpohs,

4.3.6 J.5.Q. S LAHRERLOMAE
Foooy PRBICKT 5158, AAMMIABRERE (J.S QS)HKE-TTTRELLNTLEN XK
WIFRIC & - Tilsfokliin D4 5 & Tade 4.3.8 DX DL B, F+ v TRFEICH S 2 H#H O &5 IR i<
CNETIL]. S QS ICL-TREN TV AP MNE -, TEBEMNLELDTH D C EBHEHINI,

4.3.7 & =
HHA O TR R A O @RI T T8 2 D I3+ T T ICAEC 2 RABOF v o T OMBELE T E L THEE A
BE L ST B 7o oI — D HER A FTOLLTFICR T & ) s 5 187,
(1} B U MM L5 o F- o
RS NAEBAE R F oy o TRB0~5mTHY, ¥y 7HEESCHEASRBEMLTEYD, 3
DEWMNB LTI DT, WEZHE FHONWEDE £ TF+ » FOEO G O RO T & It
NTREEL L ossBEAT L 72,
(2) IO B O BE ORI
R LA OF + 5 IS ~12mT, FA7r— bERNG L, ERARRO EiELL 2L OHRBRO
TR ORI I E ST F w o TORNEE L B - T,
(3) 7 A FAIAL DA ORE TS5
7AFEBTORBED 3GLIFTH 2 BEIC, BEMEDE F THNADRYHMILE £ o 7OROEAL
FETH - 72,
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Table 4.3.8 comparison of treatments of misfit

Type of Treatment

by JSQS

by the Present Research

.g‘é t, (1) a23mm: oridinal rule (1) a&3mm: oridinal rule
% < leg length leg length
S~ (2) 3mm <a 45mm: additional | (2) 3mm<a &5mm: additional
S o a leg length=(oridinal)+ leg length=(oridinal)+
= | [ Tt, (a-2mm) (a-3mm)
=
-
xQ Smm<as 16mm: applicable :
<= ’ 4 : le,
Loty o plate and provide back pass
T o wm
=~ Q
g g0
= c root gap >5mm: t, <tsty, |root gap>5mm: t 25mm and
£ = c=bmm, and liner breadth= |t,+2f+10mm&b<3t, with rule
0w € _ t] tp¥2f+10mm, (f=leg length) |leg length, (b=liner breadth)
o t
"_b__.' 1 .
3 T
ag a | root gap>16mm: a >300mm
U m© l
ha l ~
4) FoovPEBEAHLEDOER

BURERORBRN ORI TR, FEALEIYELBRE GISHESHRERTOCT, 2 OBHEEHEBER
PHEEL CRBIICAT L 7co 2BEBAICOVTEBBEL B L, F oo 7RM3mETRF + o 7HEB LA

BHEDBGON B, ¥ v o TENImAEBR S EIHEAA RO RBRBICHST %,
F 4y TP

(5)

Fay PRI L TUTRATU>DHETUM T 20OMEY TH 7

{a)

{b)

gai.

Fo oy 7uMImll FTRETWETEEL TLO,
Fv o 7RI mARA B
(BU Mz

= (Fv 5 7)) — 3m

D;)o

KRB - THEERIX S5,

fe) F4 o 7UMBSmERLIBEAO—DDMELELTF AT L — FE2DF 25 L T MFEDOREC B B
ERESLOH ABERTF LT L — b EERDOMBICET 2IBBE2EZL L, FAT L — b2 I & 0%
BAETS TINENTH A5,

(d)

Z i, B:

Foo TEPSmERZ D

t +2

74 +¥& h:

A

e DIRDMEE L THF v » 7574 FAMALTEET 2 Lk 0ib b, 54 F
BHAKKABET 300 TH L EMBRBEEDO LD T,

F+10=B=3 hm
74 THRE t o TARREL

BUE (gmin) RERXKXDKD LR 2,

—-112—

F: MIE COHETUBTXLF v v 7HOT



Bmin = (t+ 2F +10)/3
6) J.-S QS &l
AU REGHELT, ]S QS KE-TRENTNAEF v PYUBTERES TEMNTH L T & BHERS
o

2EX®
1) EBE bE, Mo, SR ER BASHRFSRXYE B 1365 (49— 12), P 467
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Blb. BEFEOKTIEIK DN T, RO EEDEFE > T &b, TOMADIEE b HHE X454 ( Recommend —
ation ) DEOHRICELTHD. ¥/ J.5.Q.S. LOBHis L 2P ONTEY. KELOFYD B % 43I &
LT, RALTEELLHERMEECBONILEEL L, CNOLMAEML THTE UL T &3, RO ILIED MK
ARG RT J-S Q.S BREAMIK B TH D ZHUMNEBENENCLETHE. 4ROUEIC BT &k —iF
ERNTZOZ YN IR A, COWRAEIENIC [-S.Q.S. iR &t, L0 AMMDH AN EHEAL
WIT ST CENDBEND o WRICEMITHDNAKERIETH 5. 4B ST &0 BRNESY
DBHENTTHLN. OO TERBEEOFOS K G « TAE~NEAEET 5T L5201 L,

PHCAHORME LTI RIS TR B O ML 20 S THYIL s, HICHEAT, O XA
O H B M TSN Structural component - YA (XFEsETH S b, BIFER. + ‘/Z"} YOS ED R AR L
BB T SR ERICFLET L MPARBOD X I OO TORBE G2 7 v 202 RBL B TH L EEZX N

-
Do
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