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Investigation on the Corrugation Failure of

Bottom P]ating of Ship

I.  Buckling and Corrugation of Ships’ Bottom Panel

Many experiences about corrugation failure of bottom shell plating of large cargo
boat have been reported recently. In order to explore the causes of, and establish the
adequate measures against, these failures, systematic compression tests were carried
out with twenty nine ship bottom specimens.

Some theoretical considerations were also performed to clarify the effect of initial
unfairness of continuous panel on the corrugation failure.

This investigation can be summarized to the following three items.

(1) Research on the alloWable initial unfairness of bottom plating.

(2) Considerations about the effectiveness of bottom plating already corrugated.

(3) Method of reinforcement to prevent these failures.

Summary of test results were as follows

(1) Test of allowable initial unfairness.

Four series of specimens varying the (frame space)/(thinckness of plate) ratio were
provided. Initial deflection by welding the floor plate to bottom plating of each specimen
was altered and, for comparison, all riveted specimen was made among each group.

Comparison test was carried out and allowable initial deflection was obtained, study-
ing the stress distribution, deflection, contraction, buckling stress, and maximum load.
While, theoretical calculation was performed and it was confined that theoretical curves
coincided approximately with these obtained from experimental data.

After all, it was found that corrugation failure depended largely upon the magnitude
of initial unfairness at large ships, and allowable initial deflection was about 0.3 times
of thickness of bottom plating when (frame space)/(plate thickness) ratio is about 45.

In small ships, however, initial unfairness has little influence to these failures.

(2) Effectiveness of bottom plating already corrugated.

After having been suffered permanent set, specimens were reloaded and reduction of
efficiency of bottom plating was measured. It was found by this test that efficiency be
came about 40 22 when magnitude of corrugation was as same as the thickness of plate,
and 15 22 when two times of the thickness of plate.

(3) Reinforcement

Two series of specimens which were provided with one or two ‘stiffeners respectively
were made and the same test was performed as the previously stated way.

From the viewpoint of corrugation failure, minimum scantling and number of stiffener
in this test program (i.e. one 30x20x4.5mm T.A.) was sufficient.

As these specimeng which were provided with two stiffeners had little merit than
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those with one stiffener in case aspect ratio was 4 as actual ship, two or more stiffeners
may be wasteful for practical use.

It is noted that flat bar can be used instead of angle.

Summarizing the test results, the following conclusions were obtained.

(1) Critical stress of corrugation failure and allowable initial deflection of bottom
shell plating were obtained by this compression test.

(2) The effect of unfairness on the corrugation failure is very small when (frame
space)/(thickness of plate) ratio is large. (i.e. in case of small ships.)

(3) Critical stress of corrugation becomes low when the difference of initial deflec-
tion between adjoinig panel exists.

It must be noted, however, that this value is rather small and absolute value of
initial deflection is more essential.

(4) The efficiency of bottom plating decreases conspicuously after having been suffer-
ed corrugation failure.

(5) TFrom the viewpoint of corrugation failure, comparatively small stiffener is
sufficient for panel breaker, and flat bar and T bar may be used instead of angle shape
for this object. A

(6) As only small improvement of strength may be anticipated by two stiffeners
when aspect ratio of panel is 4 as this test and actual transversely constructed ships,
one stiffener is sufficient to prevent corrugation failure.

(7) Some theoretical considerations was studied and the agreement between measur-

ed and calculated deﬂection_and stress is fairly good.

II. Transverse Strength of Longitudinally Constructed Ship

Recently, in constructing a ship, the “gemi-longitudinal system’ has been used in
order to prevent the damage of the bottom plating of ships, especially of ships of welded
cohstruction, constructed by the ‘‘transverse system’’. ’

In this system of construction, the strength and stiffness of the bottom structure of
a ship will be changed and, therefore, the transverse strength of the ship will also be
different in comparison with the ship of transverse system.

Here, in order to clarify the behaviour of the bottom structure of a ship, some ex-
perimental and theoretical researches were carried out. Firstly, the experimental research
(bending test) of the models of the individual members of the bottom construction which
are the smallest structural elements of the bottom structure such as floors and skeleton
floors, was carried out, and secondly, the experiment on the partial models of the bottom
construction (box girders) was executed.

To analyse the experimental results, some theoretical calculations were carried out
for each model with good agreement between them, and the following conclusion is
obtained: every model except the skeleton floor may approximately by treated as a simple
beam by the elementary heam theory, and the skeleton floor must be treated as a
Vierendeel girder.

Types of structural models used in this experiménts ‘were as follows:

(1) A series (partial models of bottom construction [box girders])
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A-1 (longl. partial model of longl. system bottom) 1 Fig. 2-1

A-2 (trans. partial model of longl. system bottom) 1 '
(2) B secries (models of centre [side] girder and solid floor)

B-1 (model of centre [side] girder without hole) 1 Fig. 2-2

B-2 ( ,, v with holes) 1 v

B-3 (model of solid floor without hole) 1 ’s

B4 ( ’ with holes) 1 .
(3) C series (models of skeleton floor)

C-A-1 1

C-A-2 (strut intervals are changed) 1 v

C-A-3 J

C—B-_l 1 (strut dimensions are changed) 1 ’

c-B2 |

g:(cj:; } (dimensions of top angle are changed) 1 s

III. Adhesion Test of Ship-bottom Paint

Besides the investigations on fundamental nature of ship-bottom paint such as long
time exposure tests, dipping test in artificial sea water, and so forth, the experiments
on adhesion and corrosion test of paint was performed.

In the investigation on the adhesion and corrosion characteristics of paint the ex-
periment was undertaken in the following way. Coated specimens were bent after 7 days
immersion in sea water and were immersed again in sea water for about 200 days, and
then the change in the surface condition of specimen was investigated.

Among various kinds of paint tested the vinyl paint system showed the most ex-
cellent performance. Oleoresinous paint system indicated poor mechanical property and
rapidly deteriorated in sea water, but improvement in results was gained when alumimum
pigmented primer was adopted. In regard to the surface condition of steel plate it was
proved that the presence of millscale remarkably interfered the adhesion of paint film
to steel, and shot-blusting was found to be more advantageous to chipping.

IV. Corrosion Test

The effects of corrugation of bottom shell plating of ship on its corrosion behaviour,
is one of the most interesting problems about the permanent buckling. Here we studied
the relation between the amount of local plastic strain induced by the buckling and the
rate of corrosion at the vicinity.

Aside from the effects of paints, exposed surfaces were tested for two conditions,
with and without mill scale. The specimen bars modeled for the bottom plate, were
buckled and set the amount of the max. prestrains at the center for several constant
values. Except the concerning surfaces, the specimens were coated perfectly with rasin,
and immersed in a basin filled with 10 25 HCI solution.

The rate of corrosion was measured twice per week as the increase of electrical re-

sistance of the section, using a double bridge circuit. Letting flow a large current of
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about 100 amp., we can read the change of resistance in the accuracy of 0.1, which
corresponds to 0.016 gr/cm® corrosion of the surface.

After the tests for about 60 days, the rates of corrosion of the prestrained parts were
not so distinguished, compared to the other parts having no strains. Particularly for
the surfaces with mill scale, there were little effect of strains.

As for the mean value of the rate of corrosion of one specimen, those which had
no mill scale generally showed proportional values to the max. prestrains at the center
of the specimens. On the other hand for the specimens having mill scale, the existence
of prestrains caused sudden increase of the corrosion rate, but the amount of the strain
having little effects.

After all we can conclude that the strains caused by the permanent buckling have

little effect to the corrosion of bottom shell plate of ship.

V. [Initial Corrugation of Bottom Plate due to Fillet Welding

In case of constructing welded ships initial corrugation of shell plate is liable to
occur by the fillet welding between shell plate and floor plate. This type of unfairness
does not spoil the outside appearance but also reduces the buckling strength of shell
plate, and it is believed that this type of deformation is a main cause of corrugation
damage sometimes occured in welded cargo ship. In addition to the investigations on
the effect of initial corrugation upon the buckling strength of bottom plate mentioned
in the above chapter studies on the mechanism of origin and method of reducing initial
corrugation were conducted. The items investigated and the results obtained so far are
abstracted in the following:

(1) Effect of welding procedures on initial corrugation

Magnitude of initial deformation caused by welding may be affected by such factors
as thickness of bottom plate, frame space, length of leg of fillet joint, and so forth.
The effects of these factors on the value of initial corrugation were investigated, and
as the result of the experiment a set of charts to be used for the estimation of magnitude
of initial corrugation was obtained. Variations in welding procedure such as the appli-
cation of intermittent welding, adoption of strong-back, change in diameter or type
of electrode and ete. may produce various effects on the value of initial corrugation.
These effects were also studied in this item.

(2) Effect of ununiformity in weight of deposited metal and size of material

Ununiformity in the magnitude of initial corrugation reduces the .bucklir_xg strength
of bottom plating. This effect is not only estimated from theoretical consideration, but
actually observed in the corrugation damage. Experimental studies on the occurance of
ununiformity in initial corrugation was also conducted.

(3) Effect of interval of additional girder on initial corrugation

Adoption of additional girder produces valuable effect on the distribution and the
magnitude of initial corrugation. In order to survey this effect four specimens of panel
type with girders were constructed by fillet welding and the deformation due to welding
was measured. As it is shown in the figures, the interval of girder has considerable
effect on the distribution and the magnitude of initial corrugation.

— iy —



(4) Effect of welding condition on .initial corrugation

Effects of condition of welding such as welding current and travelling speed of welding
arc were investigated in this item, and an empirical formula expressing the effect of
welding condition on the value of angular distortion was derived from the experiment.
Surveys on the effect of preheating procedure were also attempted.

(5) Studies on the method of elimination of initiul corrugation |

It is a widely used procedure for eliminating initial corrugation to apply water cool-
ing immediately after heating by acetylene flame, however, the mechanism of this treat-
ment is not yet clarified enough and consequently the actuul practice is said to be de-
cided case by case based from the worker’s experience. An attempt was also made to

survey the effectiveness of various kinds of heating and cooling cycle.
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Table 1 -1 List of Dimensions of Specimens

{ ' ¢t ----Thickness of Bottom Plate
L g ” --Thickness of Floor Plate
h - - -Hight of Floor Plate
AVERS
BRI w=(50)(7)
| 2a 25 | ' 2 a. | 2ar A
l (mm) | (mm) i (m m) (mm) | (mm) | (mm?® | (mm?*» !
A—R 210 842 ¢ 6.35 | 5.00 | 275 | 5347 | 6,172 | 33.2 | 0.375
A—0 | 211 ' 841 | 626 | 444 | 274 | 520 | 6,002 | 337 | 0275
A—2 | 212 | sl 636 | 474 | 273 | 5360 | 6182 | 33.2 | 0.320
A—3 ’ 211 1 840 1 6.53 4.75 273 5,480 6, 299 32.3 0.297
B—R } 270 | 1,081 } 6.44 5.10 353 6,962 8,013 41.9 0.380
B—0 } 268 : 1,081 “ 6.59 4.54 350 7,120 8,170 40.7 0.250
B—2 271 1,080 | 6.66 5.01 351 7,190 8, 240 40.7 0.328
B—3 271 | 1, 081 ‘ 6.67 4.87 351 7,210 8, 263 40.6 0.232
B—4 ! 280 i 1,080 ; 6.61 4.74 351 7,150 8,202 42.4 0.282
B—0.3 I! 269 ‘ 1,079 | 6.65 4.66 352 7,175 8,231 40.4 0.263
B—3.4 ’ 274 1,09 | 6.75 4.77 353 7,398 8, 457 40.6 0.273
C—R ‘ 357 1,441 6.46 4.95 469 9,310 | 10,726 55.3 0.340
C—0 360 1,438 6.00 4.80 468 8,629 | 10,033 60.0 0.393
C—2 { 360 1, 440 6.03 4.80 469 8, 683 10, 090 59.7 0.387
C—4 | 361 | 1,436 6.15 4.85 468 8, 831 10, 235 58.7 0.378
C—38 360 1,435 6.00 4.84 467 8,610 10, 011 60.0 0.404
D—R 450 1, 801 6.50 4.70 585 11,710 | 13,465 69.3 0.292
D—0 448 1, 800 6.50 4.85 586 11,700 | 13,458 68.9 0.314
D—2 451 1, 800 6.46 4.46 586 11, 570 13, 348 70.1 0.256
D—4 449 1,799 6.63 4.47 587 11,930 13, 691 67.7 0.234
D—38 452 1,799 ! 6.60 4.40 586 11,870 | 13,360 68.5 0.228
E—1 | 270 1,077 6.32 4.73 352 7,020 8,075 40.9 0.321
E—2 270 1,079 6.34 4.67 352 7,137 8, 193 41.2 0.307
E—3 270 1, 081 6.31 4.54 351 7,289 8, 342 42.8 0.285
E—4 269 1, 083 6.75 4.70 351 7,693 8, 746 40.0 0.259
E—35 269 1, 081 6.57 4.80 350 7,420 8,470 40.8 0.300
F—1 275 1, 080 6.57 4.76 352 7, 095' 8, 151 41.9 0.298
F—2 267 1,079 6.71 4.62 350 7,240 8, 290 39.8 0.249
F—3 269 1,079 6.55 4.63 351 7,067 8, 120 41.1 0.271
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Table 3 +2 Procedure of test.

General test

Pre-treatment

Primary bending

Painting of anticorrosive (A/C)
(1 coat in 1 day)

Painting of antifouling (A/F)
(1 coat in 1 day)

Drying (1 day)

Immersion in sea water

Secondary bending

Immersion in sea water (200 days)

Test for weathering

Pre-treatment

! Primary bending

Painting of anticorrosive (A/C)
(1 coat in 1 day)

Weathering (1 to 90 days)

Painting of antifouling (A/F)
(1 coat in 1 day)

Drying (1 day)

Immersion in sea water (7 days)

Secondary bending

Inspection Immersion in sca water
(110-200 days)
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Table 3 +3 Result of immersion test on bent specimens.

i | Thick- \ o . o - ! “Thick- [ ,_. N . '
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atment b system Coating of bend after bendingg Mark- ~ after Mark-  after Mark-~  after Mark- Mark atment : Paint system coating ‘ of bend | after anti.ng Mark-|  after  |Mark-| after  Mark-  after  [Mark-
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o . " B | B B 52 A/F 2 coats | 0.08 60 | e A | A B
L E w0 . — ‘ | T 1 - - ‘} — - -f—j’ — : e l cracking ‘ ‘ | e
7 33 g g 0.10 ' 90 C B 1 C ' C 53| & Oleoresinous type 0.08 90 C A A Flaking ‘ B
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@ = anti . ) 0.14 " : C B D . C 54 ‘ E 8 A/F 2 coats | 0.08 | 60 ‘ C A B | ogigl{:ége |
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-— = '@ anti-fouling 2 coats ————— ] B Sifed } | © 2 | Al pigmented undercoat . o ‘ no change ; B : A
¥ &k ; rifte ‘ ‘ ° 3 coats ‘ : ST T -
= ‘ 0'07, O //77 . ____D? ‘ - BV away / e - antifouling 2 coats 0.14 60 A B A ‘ A
; { cracking of A/F Sl — : | B @ - ‘ - ‘ - ;
1 = 0.07 180 D B A A 57 o & Vmﬁl type ) 0.13 | 90 ' c A A A
—— — _— inkle I wash primer coat || _ crackin [ ] _ !
2 0.08 ” D B i A wrin & Al pigmented undercoat 4 coats g ‘ t \
. A 581 = 0.14 4 i C B A B
o | ‘ o= A/F 2 coats B ! _ ‘ o
5 3 o ) Oleoresinous type } 0.06 60 B oA | C drifted 4 59 | = Vinyl type 0.15 " } Al i B | A A
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L 747 i l anti-fouling 2 coats ‘ 0.08 . "o B awaey ‘ / ( B away v 60 ! A/F 2 coats | 0.14 ” Coa ! COA A !B
| ‘ J— — 4 _— - — _— S — —_ =, _——— - — - B _ ! ———— e
S 37 ! ‘ ‘ 0.06 | 60 B } B | D C T 71! Oleoresinous type 0.09 90 remarkable ' D D D ! D
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| ‘ _ — S - L ‘ N - I B L
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2 . E——— ‘ o cr?fl({ng oﬁnly}edge_ B L A o L _B,,,‘ o A 78 § A/F 2 coats 0.12 ) §0 wrinkle C D | A ﬂakinag €l B
‘ inyl type | ‘ ‘ & ; e — & -
S 7,! £ wash primer y 1 coat ‘ 0 10“ %0 no change A A | A B 7 g mel ;ype te A/C 4 c 0.12 " no change A A ‘ A B
3 Al-pigmented A/C 4 coats | 1 o T : ; I~ zinc chromate coats inkl T ’_‘
: 7787 ‘anti-fouling 2 coats | 0.10 ! 60 AA_‘ ~ N A i A o B 80 - o A/F 2 coats ?'13_7 90 :Vﬁggt{ lgliz?:r o C i A A B
S 43¢ ! 0.14 ! 60 " A | / v A M 61 Oleoresinous type 0.10 90 D D D D
- " D — - —_— — L A/C 2 coats |- —{— cracking -
44 0.12 " A / / A 62 |
77777 o i \ A/F 2 coats | 0.10 60 D C D C
no change ) ‘ - - - - — . —
B 457‘ Vinyl type 1 0.14 i 90 I A A A | A 63 g Oleoresinous type 0.08 90 D D i D drifted P
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10 ‘ | = pigmented undercoat 4 coats i !
o . / | 717 | | C | C l A | ‘ B 68 g A/F 2 coats 0.14 60 Flaking and D c A C
. ) 60 Vinyl typ Toqe | oo | remarkedle ) | _ |
e b0 . D I B B C
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A : Excellent
B Good (with extremely small faults)
C: Moderate (with cracking, flaking, blistering or rusting)
D: No Good (with remarkable faults)
Edge was omitted for marking.
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Table 3+4 Effect of weathering pcriod on anti-corrosive film.

T ) o 0 - i \ -i " Condition of piainrt: film and rusting
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and adherrent shells afte
millscale.

Photo. 3 Rusting and adherrent s Photo. 4
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Pretrestment was shot blasting.
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Mz Table 4 -1 (25534 & 359 0kEx 10,05 mm ok i = <14k Fig. 4 -1 12554,
JECHLAETET 0D 6 AROD AL M TR S I OREH 5 & 72 5 0. C, 3R SAUS &0 B IREINZST T S

Table 41 Material

Chemical Analysis c Mn o P S 7
% 0.19 0.43 0.013 0.023
Yield Point Tensile Strength Flongzltion
Mechanical Propertics -
27.7 kg/mm? 46.7 kg/mm?® 26.5 %
]
-A:Ii’"'" 1-2 o
' (Ve
& : & | | ° 1
kS =) | § |
a - g |
A o
g . S|
e 30x6 § Bott
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7 L p0 0 Sl df]
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-425Lh—som;—i-——eomﬁ—-+——9omm 90, 9omm zsL
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'15,9m!’ : A 500mm 50,

Fig. 4 -1 Specimen -

Mho 70 FATHIG T 2305 2 BB 2 L T\ TES R MU TS A & 0 L, }T'OL D A%
MM 2N e B2, RTRORRGE (BLAEREE 20 mm) A XK 0, 4, 7 B & () 10 22 o 4 Fifi&
L7

DTN D & v V75 20 Mo 2§ L L, Pre-strain 4 ficif 8 filiait 18 o
GER T DV TTERER 24 D72 (Table 4 - 2), FBEOFHMEUL (B st 20 mm) 4 Fig. 4 - 2 1235559,

® B FH &

STy ik o SR I oD SRS LAZR OO T bk~ B s TR U, ECTH O A i 4 Sk 5 L,
Wi 10 22 HCL TH5EH 9~17 o0 8 FRI 3PN 288 & WA A THEE S L OOk & 51>

7o
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Table 4+ 2 Condition of Experiment

i i .
Code No Surface Condition | Max. I’r/e-stram annb.er of
~ o 25 i f'Spccxmc_n-v .
A—0 Sand Blast 0 3
A—4 " 2
A—7 1 7 2
A—10 " ' 10 2
B—0 With Mill Scale 0 3
B—4 Iz 4 2
B—7 " 7 2
B—10 7 10 2
Total Number : 18
] I | S | S | I A |
T T T T 1{ T T T T T 1 T T T T T T T T T T Ll T T T T T
e A-4, |B-4
0 E §'_'§\L“ 8y o o o ’ (S T P 8/§"§‘/8
b v s ¥ “.3\8 /g,fg L) L]
-5 ] °\8/8
— +5..E A_rz ] B-7
R 3 o3 s
03 :—-.g~g\$f‘L ol o o o o 88 lo o AS/Q——%__%
= g—i—4—8—F u‘_g\ /§,3 e
5753 A
A - N -
& 453 §£._§\;f\—|0 , B-I0 §
0 : ) B‘ s (') 2. 2 g/§/g~°
i L] L2 L) °\§\° a/o Ad o [-3
g 1\\ 3//
] §
403 2

Fig. 4 -+ 2 Results of Strain Mcasurement

(Gauge Length: 20 mm)

Wy c i@ 2 | S0 U T i ollie 2 77572, o b REOWSHPie e L, 0
PR & & DT A CIRIEM) Lo Ao TR 2 sk 7o, 47 b b A BN T Lkt
AT D D O L LTV ABIRGH D, BRI L il offaix Table 4 -3 k0 7
Hbd,

e i Fig. 4.3 DXk 575y 7070 v S, T 2EE E =6V,
ST v = 1,000 1O 2 R ME YA E TS I TARER TR 45~B0 u) THD
Poo A VAR T IS e HBEEA R VL Dk ST D TEY, kb At
PR Tix 0.0100~0.1100 ORACHIZ - 722 T\ D, 544 v F Sy 2 U TRBIAEZH L TH VT,
AN A= — G DAL » FefALTH G AL B 2L Ts 4 vkt |
Thilze=ky HL¥P o ZRDLZIEATES,

it 1= 100

-z

Oy

Amp,

T/ =1/ =k
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Table 4 + 3 Relation between Increase of Resistance

and Corrosion

Increase of Deccrease in c .
orrosion
Resistance Plate Thickness .
% mm gr/em?
1 0.1 0.078
10 1 0.78
12.8 1.28 1
4-2 A B & R
CID AE s w2 rou Bl 4 1 & il T Fig. 4 + 3 Circuit for Measurement
e 1Y S aten s ferors . of Corrosion
JEEE O & ‘D‘}l(.‘bh M L, & \D(f%(nu 2 Al
AT DHE 2470720 T OHNE 2 0 L 7oty o—#a Fig. 4 -4 (2400,
CHD semidl i S i 2 p08] (30 HEid ©) I\ TEME D& D L OIS T il B du HFRHE

TUE & A E KR R & mbLbuom%LW»KVTMQWXﬂVVRW%WtEU,ﬂ%”.
W E BT A R DT, _

Ll Pre-strain 3530 Fig. 4 - 41215 & 350 el XE OB OK Z WIT ORS (s 70k X
WHEHITEV S BN RSEN D AR D Ty, BUESE 0 —BARNETH H, Pre-strain7 22
PIT T2 <, 72 U ETEIEMEARIL LT 2, BEOX 0 0ufihnid (4%)
TR N ZN T 2T ML DB T O A Y B2 0 THUERANTHR S 3 L0 T UL AR
HIENKRES BT HIEEFRTLOE BN,

T SRt 55000 0 b I oS- 2aidf Shaf b B 0 b e DI R & T e ~— 22 LT
KA 22 Fig. 4-5 ko8 Fig. 4-6 #8ons, Fig. 4.5 (v P77 20) Tilvhaw
Pre-strain iz & YA s, Fig 46 (BUE-DE) Tuk Eof AT iRk &

SR LD LD TEAT DB L7 2D B

4-3 % &

(1) BRI EI D& T4 0 2 P92 PO SO T HIEMENIA 0 b,
(2) Yy F7 o2 T L Ok & WA D D ST 75, BSECIHRER S o7 Tt
ER VRS T/ IV

(3) HUL-DEF 0 L0 OHT LI MESERIT L 5% HORATE A DB E A,

(4) CFIOEE T S AT A T 2T O A RIS T A b D I B S e,
(5) B AV X 2 B CHs i L ERREC IR AT M D KSR M T D D AT R A, /o

FEA T X TIRTRNZE D < L u SIEGENNCZ IS 2 70 FuE fe By,
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Fig. 4+5 Mean Value of Rate of Increase

in Resistance (Series A)
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Fig. 4+ 6 Mean Value of Rate of Increase

in Resistance (Series B)

— 51 —

Rate of Increass in

Rate of Increase in

Resistance  (Mean) %

tesistance (™Mean) %



AW PR R XIS o R

5-1 #& =
RS IEC MRS oD BUFE T & UL OIS DL Do SR OAFA DRSS A L DIRIES Kb E

TICE B LT SO R S B8, OO T o 3820k, BRIESE e S LRk g o
TDPGEE Fh L,

W B 7w ENE TR O S IR T h B,

1) IS AT WFE I iR 54

2) I HE TS e X O STk O AR 04

3) T MIE T ARG 0O

4)  HFISIT BE ISR ORI BT B S DRI —

5) JEMS RN 20058

I OAHEN T L0 ISR~ 3,

5.2 BEICRIFTEERTHEDE

5.2.1 # =

R X DT H 9 BRI c:té"HEé@WE, Wiisolfi, MR b b A A, WikeiEoEmE, A tovy
o3y 7 DWW VLA OB X O THI BT Do L 0T IS OFRM M O IR R
I N Ly SIS R 2GR 2 UM DR Y OV TR Rk A oken B Z 2 A HRYE L
TATE & 5 L7z,

HESOFEAMEN B LTl & S IR IR TIT 072580 23 Do BRI L Auaii ARk

TSR BRI & 2 28 B O L DT SN BT 2 LD TH 2T, FOEE

"D IR S T M OIS O 2 d b & D LT FROMHS T O - LORdk 5 B 2 &8
R 5 A0S 70D T B AS, ARSI S N A 3RENT L, SRRt w dhiE ‘uTﬂaTIS%%’I‘I’JZQ‘/jﬂ'ffo:itlJFH La%
DIZBED T DO TH D, ZORMTIRI 28 4SBT s LT HETIC Y 2 HERE 4T o7
B, AHFGE T e © R B IR T OB AT & RN & R 7, '

5:-2-2 R B 5 &

B Fig. 521 o4 TEMOE S ¢ ~NT200mm, K& LC4d/ebhs, 3278
vk Lz, BB DB E I Lisv S AT 00 & 2 AT Y IR OENE R T 2 7220 Ty
JEROZI 2 A LD T, TR RS < Uzc, G & L Tid 7x100>200 mm, £X
Sm o ITZEREZ M, S & BB ORI RE L7c,

HRESEE Table 5 - 2 - TICRTIMIZEBME 1o, THRDL AW v LUHIEOMEE, ¥+ v

GEY* w3, Mg, Gl BEF: Ao s 95 -



$

-

5.000 ™0

|
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i

| |

1
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} -—- Dl pauge y
Z I Ve
Specimen Support
Fig. 5-2-1 Specimen
Note :
! : Length of span
t : Thickness of bottom plate
t': Thickness of floor plate
Table 5-2+1 Condition of Experiment
= o
% £ Tick.of Tlck.oftl,,e(rjltgth Gap | Rod | Bevel | T'ype | Add.
No.| Code No. 'g _*é Fl;)/or Pljte Splan Dia. : V\:‘ild Const.! Remarks
x . o
M mm mm mm mm mm
1| cs 1 | 18 | 80| o0 5 | Tee | Cont.| None Stndard .
2 CT4-12 7 4.5 (1,200 0 5 |
3|CT4-8 g 1" ” 800 " 7 }
41 CT4-5 ) " " 500 " a 1
s|cr7-12| ¢ I 7 11,200 " e
6|cr7-81 E " " 800 | x " |
71CT7-5 g " " ‘ 500 " " - ‘é’ !
8| crio2| 2 0 | 10 1,200 # vl 2|8 |
9lcr10-8 | § 1 " 800 | no| £ - E
10 | CT10-5 g " " 500 | n no| g 2
1| cri-12| £ ” 13 [1,200] » nlE o E 3
12 | CT13-8 [ " " 800 " " 5 '5 !
13 1 CT13-5 2 " " 500 1 1" S
4] cTis-12| & 11 18 | 1,200 » " =
15|/ Cris-s | 5 woly 500 o ” , -
16 | CT25-12 g 1 | 25 .4 ‘ 1,200 o "o w :
17 | CT25-8 E " " 800" o " i ;
18 | CT25-5 " " 500 1 n ” i !
19 | CG-1 1| 18 | 800 1 5 | Tee | Cont. | None |
20 | CG-2 Gap 1" " 1" 2 " " [ " "
21 | CEE-4 11 18 800 ’ 0 S S-45Y| Cont. | None 1
22 | CEE-6 s B /" "o 7 " " S -60 " "
23 | CEB-4 :‘i é’ 1" " 7 1" 1 ‘ D-45 | 1" :
24 | CEB-6 = " ‘ "o " " ‘ D-60 { ” "o
25 | cDs- s E Toon s s oo 5| Tee ! Stag® Nome | oo
26 | CDP-5 5 é 7 ‘ " ; " " 1" 1" ‘ Chain " ‘ 500 mm
27 | CDS-5 £ g non " 7 1| Ser. 1" :
28 | CSB~1 1 Strong 11 18 500 0 5 | Tee ' Cont. Srron:, Str(;rixrgihlifml{loo
29 CSB-2 Bacrk oo 7 " " 1 " " Back | l’i‘c_h; 150




. . - 4)
0| cro  [yeeofl 4y | oqg | om0 | o \HB2Y mec | Cont. | None
ectrode ——— 1
oS8T-1 S 11 ‘ 18 800 0 5 ‘ Tee | Cont. ‘ Nonc | Measurement of
CST=2 Residual 10 13 I ” v g ” " reaction stress
Stress i i due to welding
CST-3 11 18 1 200 " O N " was applied.
Note :

1) S-45, $-60: Single bevel 45° and 60°
D45, D-60: Double bevel 45° and 60°
2) Stag.: Staggard, 50~80 (pitch)
Chain: Chain intermittent, 50~80 (pitch) - .
Ser.: Serration, 50~80 (pitch)
3) Strong back:
CSB-1: 100 mm pitch
CSB-2: 150 mm pitch
4) HB26: HB26P-A (Deep penetration electrode)

7, B O L& 7 WA, Wbt e O R R R A 1228 b S ¥ 7,

BEERIU L ASSEENE (HB26 P-A) 2B TlEd ~TA L 354 3 (B-17), 5mm¢ #F
V3B (632) TIT D7z, A AL QMDY &7 07 =100 L TTUSREAC FIRICE THEAD
LT BADOMR ORFAIE D1z,

L AITR S CICBROMAEL 7 4 T Ay — sk Y, Fig, 41 125559 i ER LICHE T8
BOWGE Y v v ¥ CHZEB S 5 4 7Ly — 2 2RI S & THM Lic, MPERBEEHS 1t
Wl 2 LB T & SR T & Lo,

IR T LR OHHGER T B MU D\ T4 X R IR OIS TIDOIWE % 4T 0720 ZAVITIZHRPTAR
Tt Gl K-22, BLEEASE Omm) 2V, MOFRIE IS 24 & W LIRS B3 L
BOBLM R M5E L7y

5:-2-3 £ B # R
C1D A& W

& 2oL MmO —WE Fig. 522 1057, RIZRESN 2 k0, KEREE LR IR
AT 72 B AT OB SE T LRIE Tl R 8 thole CEEZ S B A OIS & 75 Do & ToTAIOD 2
RO D 12 0TI 2y BRI B, 83 RNy DA OB R AT IO
TN DITHNEBHIDITHOEW IR —II L TRy DA OO LK L2 25, i
DR AL 3 R R TR TSI Uo7z, LioAtDT “Relf” T 2
RE Y ehtfe 28 OPESRERIZ DOV TR LT 2 e BB A T,

T OEAIEANL L DL LT, RO AR THY, TEEAE L O OEMTE v,
23 v e T O A LR dmax LY

',

0 (=tan¥) = 76 max radian
(l: =x.32)
TEH L ASENI L 5 ThH D,

HZEEERICOWT, T 0 & logw (w: BN Y OBSER, g/cm) L% 7oy b7 AL Fig

-— 54 —
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O%Fy F2 F3 Fa
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Direction of Welding
—_—

Fig. 5-2 -2 Example of Form of Deflection

" 5:2:3~5:2-7 DTN, LCHOEBEECH D,
D s L2 L i

¢ #2804 2 H-logw OBIRE Fig. 5-2-3 1554,
€9 fe1200 Sor 7=800
3 ! /
5k 50, 50
t:'
g
TQ a0 349 40
s
®
® °
36} 3ot 30
L ®
20 20, 20
‘ 1o Lor ic
° 05 10 15 0 0% 6 1% o [ 16 Gl
Log W fog W log W

Fig. 5:2+3

BUFE 4.5 mm (R 7 mm), 7mm (LR 7 mm) OBREHRo 8 S A AN L, AU OR
B R LK BN D O T I OB T, U 10mm LA L 7,
b P@HﬂtKOgv@mmﬁm%x@“%&H”c%@,;ﬂumM%MT%IOmmu
TR <, 10mm PITF e Abs LT AT Hivnd e L2 %2 5,

BREEH S &, ¢-logw ORI EEFTREIERIZS Y, MEEIICEEER 2 70—l 2 &
DB F RSy K E A AT O T MBMERIEA E <720, HUE 10 mm L koM

— 55 —
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oo 7 Ilmm fs Lo 2mm B oA O-logw ORFEE Mg 5.2 -4 Tav, Tiud

EEET & ) L MZ2MBIZ A 0 & D TH Do

50 ®
40}
aol
30r
°
°
e
5308
2
S o 20
®©
201
1C
10
0 ‘05 10 15
Qoa. w
0 05 10 15 Fig. 5+2-5 Effect of Type of Bevel on
208_ w Angular Change

Note: M : Usual Tee Joint
: Single Bevel 45°
: Single Bevel 60°
: Double Bevel 45°
. Double Bevel 60°

Fig. 5-2 -4 Effcet of Distance between Shell

Plating and Abutting Plate

CISISIT)

(Gap: 0, 1, 2mm)

3)  BEENAREMRONEE ’
ERESTR OHRE 4, 5, 6mm OEEF I AL, SV EERECPHE M A 00T, WHET T
Nk, WEGAREE HB26-PA-type 5mm¢ & B17.5mm = D35d J HEFOEA L L <

equivalent strength ¢35 7 ¢ILE L7z, Fig, 5-2 -3 (25397 & < 8025 12 7,

4) Bak o 2%

B, WALE d 45°, 60° o A FEiE T2y, Fig. 525 1 I5T 2 <EIRIEE HEETR 2
U<, WRUEBHA S Uk 0 2 h & <, BREKRE A D7,

5) Wi i

rgE 50mm, o, 80mm DEAOTE, WA, vL—r 3 B LD RITOR,
Fig. 526 WiT &<, ®l—3v3y, W, FEOIEMEMEE KE LD, TOHEE
W/L (W BEEERE g, L #FeR om) b bR S cR TR bl

Thb LTELILDTH D,
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© o5 76 B ° 05 10 is
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Fig. 5+2+6 Lffecct of Intermittent Weld on Fig. 3-2+7 Effect of Strong Backs on Angular
' Angular Change Change
Note : Note :

@ : Staggard weld

®: Chain weld

® : Serration
(Weld length :

' 4

©e6

50 mm, pitch: 80 mm)

6) RtworrRy,

ANE YISy T TR ERT B & 2ZMEA T B
AMEVT Ry TDE s TR ENIL D EBITL D
C23 %% & i N

ACELIN TR OFEER T 3 AT DT, %o S 2 o

Z S LI Bk Bl U 2o dRBE T a4 AL R T
PRCRE L7 RIED IS I 3 A Kk~ T 2
L7 Ao R TRC e L2, Ty
A<, W oOM oMbk TRaN S
‘ 7=k % E-0
+ Bl ()
— FEi (D
L BT,

e il

mm

I: 2.3y, mm

E: v 7#8 kg/mm?
# . f0#5{k, radian

o kg/mm?*
P STEVEA & BRI £ 0270 0 & < —3 B GRS Do
5-2-4 @ L
Ll U7e I < gl

4 LD E lonéfxl',bb L Hou, /LO'/

‘__7‘57 .

. With strong backs,

HAWAE A gl L,
MIZBME L

: Standard (without strong back)
: With strong backs, 150 mm picth

100 mm pitch

o FOWE Fig. 527 1257 n< T,

AL VIR A E ke
THY, TNLEOTN 25

AR VIR — A v F ORI &3 T

g 2300 3FTCHHDTERE
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C10 Hensr, W5 L OV /S v Ok
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KGR DI BATAE D TR A & 78 Do SO BUT Y LTl —5E ORFERIKS L AF25 10
mm BRI OB E 70 Y, FALL D LSBT G, oA ISR RA

Bo TAUEFEHGT I\ T OSEME AN TSI E 1 5 GEEONR OIS & <l €
VAT D) B THY, €2 EHIC I TG WIS B BT h B,
B O O3B R o B, IR LU RIS £ O HFIBNIT 527, TAUTIE RS ORERIZ
£ 5 HRIE G DRI (SISO 237 U < T Ay AR T IR B RIS 2) &, A

23 DRI L B DR AN IBR T B MLMEEF O D O OBINE O 2 od)’s’«ﬁj%ifﬂ'v BENd, Z
ONELZHEGI /IS S ORI BT SR T ¥, HBPERO M bE, il e

KBOHFNGHROBIRL & LCala g L T2

oo ]
L 2B/ {
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b=l |
Fori L
0o  EEEETEDNBR  rad.
0 ¢ PR T O MAMEE rad.
81 AN vHICOHIEE: mm
Lo riEokE mm
I AR odld i Gy ) mm*/mm
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¢ KRR, MUBS KT X 0T E AR kg-mm/mm
SE DRI T O EROEA S Tix g 22 & 2L 2 Aot BN SERORH (1 )
KO e B ¢ W20V TIRTFEIOME SR AR 287,

50:f£1°_f‘i"“:’__‘i ................................ (2)
L+
IS ARD ,
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Fig. 5+ 28 Relations among Frame Space ([ ),
Thickness of Shell Plate (¢ ), Length of Leg (L)
and the Value of Deformation at the Center
of Span ()




(B

fod byl €10, logw> 0.7 (L 9.5) 126 LU THAEHAS LD T 5,
INBHE L E T IUESNE s L O R R DB OHE SIS RO H D E A CE AN, TR
—f% LT Fig. 5 -2 8 IIRT, S 10~24 mm D AT 0TI OEE, IR SR
DBRAERT LD THh D, HEEFOEAD LMY Fig. 5.2 91053, /o8B0 niER

TR 7z ¢ Offiz Table 52

C2 TR LT,

g Lmm (:Qﬂf‘»?‘&r,rg“@

w=0.058 L*

29 5)

150f 150F
I ) Paalls
he] 7/
2 /
[ b F 13
5100t 2 0ok /7 /
'."L I '\ = ///A'SV/
© o i
- 1) S /
D ' \ | 8
so /\ sof ///
I /r\\ [ 254
/ \ 'ﬂf;’w P //’/,
08
0 457 10 13 1820 254 0735 10 15
X mm 20} w
(a) (b)
Fig. 5-2-9 Angular Change in Free Joint (/%)
Table 5+2+2 Value of C
10* kg-mm/mm
¢t - 1 T
.. mm
logao o~ 10 13 18 25.4
0.5 0.54 2.41 7.18 24.09
0.6 0.47 2.01 6.09 21.13
0.7 0.43 1.51 4.93 18.72
0.8 0.38 1.33 4.30 17.07
0.9 0.38 1.22 3.71 16.28
1.0 0.36 1.11 3.65 16.02
1.1 0.36 1.03 3.51 15.19
Note :
t: Plate thickness, mm
w: Weight of electrode consumed per unit
weld length, gr/cm
AL B DRI F o THRES B LT SRS A, A RIREE 3 A FEE
D THERKI, :é::?iif(:f‘é(ﬁ@iﬂﬁu‘?’:fﬂé@%)/ﬂ, ZAVCIR S TERR IS S T 2 750 i S R AT

LML Fig. 5
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Fig. 5210 Relations among Frame Space (),
Thickness of "Shell Plate ( ¢t ) and Allowable
Unfairness (d)

Note: Compressive stress due to hogging: 6 kg/mm?

Water pressure: 10 M Head
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Note on Fig, 5-3-6~7 1 B, Uy O -0 70

1100 mm
f, Ha B 17100 radian

Photo. 5-3 -1 Measurement of Deflection

Photo, 5+ 3+2 Measurement of Deflection Clower plate
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Fig. 5+ 32 Deflection and Angular Change, State (D

Note: One layer for cach joint
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Fig. 5+ 3+3 Deflection and Angular Change, State (®

Note: Specs. No. 1~4: Only joint A is welded in four layers,
and other joints are welded in one layer.
Spec. No. 5: Only joint B is welded in four layers,

and other joints are welded in one layer.
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Fig. 5+ 3+4 Deflection and Angular Change, State (7
Note: Joints A and B are welded in four layers,
and other joints are welded in onc layer.
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Fig. 5+3+5 Deflection and Angular Change, State ®

Note: Four layers for cach joint
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Fig. 5+3+6 Change in Deflection due to Welding the Position A

Note : Specs. No. 1~4:

Difference in deflection between state @ and (D

Spec. No. 5: Difference in deflection between state & and @
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Fig. 5+3 -7 Change in Deﬂeétion due to Welding the Position B

Note: Specs. No. 1~4:

Spec. No. §:

Difference in deflection between state (7) and (13

Difference in deflection between state @ and @
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Fig. 5-4+4 Relation between Angular Change at Free
Edge and Weight of Electrode consumed
Note: #,: Angular change at free.edge -
(center point of free edge)
w : Weight of electrode consumed
per unit weld length, gr/cm
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Fig. 5+4 5 Longitudinal Deformation of Girder
(At the Final State of Welding)
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Fig. 5-4 -6 Effect of Girder Space on Deflection

Note: do: Deflection at center of plate, mm
w: Weight of electrode consumed per unit weld
length, gr/cm
a and b: Interval of girder, @=400 mm C(unchanged),

b=400~1,200 mm (varied).
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Fig. 5-4 -7 Effect of Girder Space on Deflection (Schematic)
Note: Curve D: Deflection at the point O due to welding AB and CD,
Curve @: Deflection at the point O due to welding AD and BC,
Curve ®: Curve @ + Curve @

5.4-4 ¥ E

4 [OSERN 2 BV CREEH ORIFRARISIC RiE B DV TORR & 1T 272, & EERDFEIRIT &
FUTHR O T DR E BRI 2 1.5 OBAIIRE 0T i, FED THIN B S Of
BUZ 3T additional girder #AVImd AEAEELTAD L, bla=4 FAEED SR LD girder
PEINT A LD THLNE bla Oy 2~1.5 Tk, additional girder DA & > THIE
2Er LA TRINT 5L B2 b b, & -MBIREN T ORI < GETHT OZ B T LIFIHEE
WLTRERVRTV,

to 35 4 DB O\ TSR A IRRIR 2472 T g Al RO LS I LBz b
B, TibbREEEMOBEHE L L 5 &\ IR LEE AL LIRTWBH, €D
FARHE S < B BB T A L0 THOT, WEREFEL IO OEmHTA <, Z LI
%mﬁ&%wgm&%MMum#Ot@wu/Aa@uﬁ%f%éoxﬂ%mwmimttﬁmﬁﬁ
Yo BT AR, FEORRMECET 3R X OKHEE & OBEIZIVTEBLDDTH LMD,
A% X Bz 2 S AR E DO BIE & sked EACHEENO 2 ORI DV TRV 21T o e B2 T
%o

HEgh o — f

— 74 —

+



5.5 BELRITTEEFMOZE FICFRCL ZATLOER

5.5-1 %

BRI 2 D “HFAE" OWRIROD 7290 Tik, AL & I & OBIAREAC & DT 2 0898 5 ©
FRHRGNELT DL S MM ikt IRD & A E T TH b,

A P RERRET OB 0 2 JUIE) AEIRENe, Rttty Redihst, Bobie (Mo
P 75 & DIEGINT L DT ED X 5 7 h 513 A a0 I T B & & 01T, X SICElRN 0%
TR T & LT, e T O & T3 L 7o A O A R 2 BT 27 L DT dh By

5:-5-2 R B K *

ABhE Fig. 505« 1aZsd ko 7k, ko> T BIESARERET CTh B, B NH4HT SS
AL YRR TRAR DT By & RF 7 F OWIE by L EFiRCZEZ T D, (Table 5-5 - 1 2:0)

Kefled Fig. 55 - 2 W0RT & 5 G A A W LTI D7z, Wi, S A 7 9 & BP0
BRI Lreft, 29 7 9% 400 b CRRITE LT3, Sliari o7,

il

—100—

—200 —

Fig. 5-5+2 Rotati i
Fig. 5+5+1 Specimen ig. 552 Rotating Jig

TEEES, T F L oHIC L0 Fige 55 - 3 I & 5 A BT o, BT A4
(LR E B 2) ORMLE TG B AL, Bl & 0 (LIFY 5055t 2) o T
A DEA L RTT0700, WTROBE O TEEINLIE 200°C D—%icé o5 X 517 Lz, FHide
PRIRD L350 Th B,

WA o — L A BIIRAS 350% ko
INBAE © Fy 200°C (RIS ERS & 0 )
fpibEz B-10 3.2mm¢, 4mme, 5mme¢ A Hv,  FRFROWOMIESMOTEA

L Welg , 200 200
o e eees—— |
{

—’ﬂ

28
\L
N

IIVRRERT] '

A
Gas flame

avout 200t

p=—100 ~+—00 —

o ’ : s

i}

. \ Lﬁﬁ

Weld = ‘i\ T l \ s
Iig. 5+5+3 Preheat 4 Fig. 5-5-4 Measuring Point

— 75 —.



yEe ]

S

>3
2%

JEAFR 2R 2 1o BRI 4S
INEAGE WS 24k 1/100 mm
Fig. 55 -4 2%,

(524t

#1H-32TH B,
FAXN S =P HEAMHLT,
KRS (R s A F 75 &k

ARAT A LT g i B b o U 7o D

Elisia R i G o7, PR

W) O A YLy — DL ADFERFLETR L L,
ﬂ?’rﬂ?ﬁé%&f-l:@?’ﬁﬁ:mbi Table 5-5-1 2359 £k 0 Th2oT, Gt 45 HiHIDOEREIT O/ LDT H5
Table 5:5-1 Welding Conditions
Test | It)l])aiz(lznr;lT Leg l Rod ’ Average Welding Conditions !USCd rod |
- length! dia. |—; : -—' length | Preheat
No. ! p he - Current | Voltage Speed !
1 2 mm f mm A | Vv mm/min | mm ‘
3 1‘ 215 23 27 ¢ 60 | T
: !
1 45 5 | ) 130 27 240 . 610 | No
Lo bo1zs 0 27 | ! B
I — S ! L -
i L1159 29 273 1 412 | T
2 |45 s I 4 o163 28 290 . No
! . 1 1
Lot | w1 27 | B
129 | 24 238 606 | T
3 6 5 3.2 138 1 25 i 238 ) No
139 | 26 | 230 B
_ _ -
160 | 28 L 273 419 T
4| 6 | s 4 157 | 28 i 309 , No
159 | 28 i 290 B
e | 1o | e T
5 9 5 3.2 30 24 238 No
131 t 21 | 242 | B
- , | -
159 29 304 386 T
6 | 9 | s 4 158 28 304 . No
159 28 308 | B
o m | 01 | 667 T
700 o ls 4 3029 209 | No
| | | 76 - 1 28 23 | B
_ | T I S
! | 212 29 231 420 T
8§ | 9 | 9 5 212 25 217  No
213 25 238 B
. 125 24 236 577 T
9 112 | 5 3.2 119 23 232 No
123 23 231 B
v ! 156 |31 203 1 420 T
10| 12] s 4 154 30 300 No
159 28 304 B
198 31 29 | 653 T
112! 09 4 207 30 243 No
204 30 238 | B
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Test l:]l]ailin?:: I,,cgh R‘od Average \\"clding Conditions | Used rod
— -——  ~|lengt it e e length | Preheat
No. | p, he OB T Current | Vol age | Speed cne rehea
! 5 B mm | mm A \Y% mm/min mm
, S ‘ - —
; 213 | 30 220 440 T
12 12 9 5 5 226 | 27 219 No
225 27 227 B
182 33 273 525 T
13 16 12 | 4.5 4 178 35 267 No
i 181 34 270 B
f 184 33 264 528 T
14 20 | 12 | 4.5 4 173 33 264 No
| 185 34 273 B
180 33 267 527 T
15 26 12 | 4.5 4 180 33 270 No
181 34 273 B
T: Top, B: Bottom
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Fig. 5+5+5 Transverse Deflection Curve
of Specimen No. 3
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Fig. 5+5+6 Effect of Prcheating on Angular Change of T-fillet
Welded Joint (Rod Diameter 4 mmg and 5 mmg)
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Fig. 5+5+7 Effect of Preheating on Angular Change of T-fillet
Welded Joint (Rod Diameter 3.2 mmg)
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Length of lLeg: 12 mm

v / 7 7 , i

,4mm

No. 3: =18 mm Length of Leg: 12mm
No. 4: t= 8mm

(b) Constrained Joint (Frame Work)
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(c) -Constrained Joint (Panel Construction)

Fig. 5-6+1 Specimen
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(a) Constrained Frame Work

(b) Constrained Joint (Panel Construction)

Photo. 5+ 6+1 Heating Procedure
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BRI 1) OB E Fig. 56« 2 (2559, 40 O LA O 4 Table 5 - 6
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Ly IR O 7 & 0Nl (P 0Ba + &5 2) AL Th b,

L ! 1 ' [ t 1 |

400 200 0 200" 400mm 400 200 0- 200 400 mm

(a) Heating and quenching is (b) Heating and quenching is
employed on outer surface emploved on inner surface

Fig. 56 -2 Change of Angular Distortion due to
Heating and Quenching (IFree Joint)
Note: Broken line: Before heating
Full line: After heating
(a): Condition 1 in Table
(b): Condition 4 in Table
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(b) Heating and quenching is employed at the plate

Fig. 5+6-3 Change of Deflection duc to Heating and
Quenching (Constrained Frame Work)

HetF Gl OB 245 LA BB 47> Ty sy, BEERRRINT o 2 8 & LI I

VLD THER LTV e, 7072 L &M & 0352 B L i Oy 23 L 72 & EF o0 J5 At i oo siin

VLAt D o, SN DT & I A E L B AV, WaT U U LIRS R
B M e L D THhAZ e HhbEh L TyhHEZL L 9,

T ST 51 SO ML B U IR SRR CORUT, WOl REHULIR Y n® b e, L
BT 057

2, BIEERkgE R 4 &, SO IS T D5, U TR AR LIS <7 d D



T %o ¥R LIELEAT 7L OMEEMR OB ARy 30 2 Th D72,

5:-6.-4 HROEBRURR ,

SEIDOEE UMD LEBIE R LB A 2 VW57 EORiRE S0 &b H DT, T
I EAHNIIR S N IR0 28, ISR OIEANIA TN DV TTIR D & 9 7e S E A B AT I D,

1) BEFofsigtt G, oD, MmEegnT CRETssE, soddenil), b otk
Wt ON#m, 2, Mo Oilie &) SO AV T L0 ARRD TR E <,
DI L DTEIOREFII £ BT D L B, [EDTHBIETIZ BT B REA SRR
RELHET A SR TH B

2)  IMAREEINE 2 AT 28, HBEFIC B TIOEEART £ 0SB E Nd B\ ik
WA T 0% BT I W TR E OB EOEAIZ b NBIBERA T B, S iU B aEE
FACECTIIRIE N DAL THR Y, AL L L 5 & T 2EMWFE L T B b eBz b
15,

3)  BHAHIEF IS\ T, MBS & S ORISOZBRIUER D, 7o b Owisr & g
T B EMZAEHPD L, BT EDZ AR T OIS+ 5, ZIUT L TS 2 s 5 &
MRSy DFFEATBEIL, 7 A@znxfm&9féo_nmkﬁmﬁb,ﬁﬁ@t 5 T B e 4

TENLTHD, L OUNRKORERE L TUETOMNT MBS B H0AREMITT SR TW B EEL
B

4) PR SRR D B 0 B R TR R B L TO SN L s S0 EIZ D
W E R L CHB AL, IFBORIIMIE & MBA L 78 A0 B0 b tan 0t IRk ERSIT 350 B
THORNEIZE L TR TOMIE, IHEFOL AeBimsd & b b,

5) SISO E IR T & £ OEEHRIGIIA T D75, FOBERIBELBL LTITFL L5 TH
Do Tods S DY TILRNK LIRS & DRI L TR o) 70 25 BRI & THRRT 5
ZENTET,

BEI L BEENE

>0



BR324 7 H25 3 FUA
WF324 7 F308 54T

BEERARESBE B195

FEITA 1 plil

58

FRATHT LR A H ARG MRWF7E i &
YOOI PR KL 2 2
> Py oA o 5
ne o35 (28 1 40

A 5 JB
EURIET AT 9F MR

i
1

9
ik

WA R T AT 1~53
& #5 (50) 3640, 3641, 9212




	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097

