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Researches on the Application of High Tensile Steel
to the Structure of High Speed Ships

Abstract

1. Ship Structure and High Tensile Steel

By introduction of high tensile steel to ships, more rational structural design can be
possible. Structure of high tensile steel are characterized by

(1) higher working stress

(2) thinner thickness

(3) larger flexibility

(4) higher ratio of yield stress to ultimate strength
Accordingly, high tensile steel cannot be adopted structures without sufficient data for
the following

(1) local strength

(2) buckling strength

(3) corrosion allowance for thickness

(4) plastic behaviors

(5) low cycle fatigue

To clarify these problems, the 46th Research Committee of the Shipbuilding Re-
search Association of Japan had been established (1960-1963). ‘The rasults of the experi-

mental investigations conducted by the Committee are reported in the following:

2. Application of High Tensile Steel as the Reinforce of Stress
Concentrated Part

A series of experiments was done to study the effect of high tensile steel used as
thereinforce of stress concentrated parts. Models used were as shown in Fig. 2-1, in
which hatched parts were reinforced with high tensile 60.

Mechanical properties of materials were listed in Table 2-1. Stress distribution and
deformations of models ware measured by the uses of electric wire-resistance strain
gauges and dial gauges, respectively.

To observe the state of propagation of plastic zone on each model, brittle lacquer
was painted on the surface, some of which are shown in Photo. 2-3, 2.4 and 2-5.
Measured values were summarized as shown in Table 2.3,

In the case of Type-A2 or Type-3 model, where high tensile steel was inserted only
in the corner of opening, stress distribution at the corner section differed extremely from
those of the other models at the range beyond vield load, and the maximum load was
comparatively lower,



Type-4 model, which was reinforced by high tensile steel along opening side, had
comparatively higher yield load. As to the maximum load, however, it did not always
superior to the all-mild steel structures.

3. Tensile Strength of Combined Structures of High Tensile Steel
and Mild Steel

In order to investigate plastic behavior of combined structures 60 kg/mm? class high
tensile steel and mild steel in tension, two types of specimens were tested: one is of
high tensile 60 and mild steel plate, and the other of mild steel plate and high tensile
60 girder.

As the point of marked change of load-strain diagram the flow stress of combined
structures were determined, and it can be calculated as the avarage of yield stresses of
materials taking the sectional area ratio into consideration. Furthermore fractures
started at welded seams.

4. Stress Destributions at the End Part of Inserted High Tensile Steel

This experiment was done to make sure if any trobule occored or not at the end
part of high tensile steel inserted partially as the reinforcement member of mild steel
structure.

Models tested were as shown in Fig. 3-2-1, that is, four types of butt joints were
chosen. Mechanical properties of used materials were as shown in Table 3:2.1. Stress
distributions at each end part of inserted high tensile steel were measured by the use
of wire resistance strain gauges. It was shown from the results obtained that no fatal
trouble arised with respect to the butt joint.

5. Bending Strength of Beams

In order to obtain data on the ultimate strength of the stiffener which is the basic
member of shell construction of a vessel, stiffeners in conjunction with plates were
tested by pure bending, and the condition of collapsing the full plastic moment (Mp) of
the stiffeners were investigated.

Stiffeners were of inverted angle (built-up type), bulb plate and flat bar for which
we applied either mild steel, high tensile steel or their mixture as reffered to Tables
4.1 and 4.2.

The size and sectional shape of the test models are shown in Fig. 4.1 and 4.2
The test models were loaded at two points as shown in the same figures.

As the test results, Figs. 4-3~4-6 furnish bending moment-curveture curves (M-¢)
and Figs. 4.8~4.10 the distribution of strain.

As the conclusion, it follows that

(a) In the case of a simple beam treated in this section, the beam theory and the

plastic design are effective to determine the collapsing strength.



(b) There is a tendency that deflection increases rapidly as if loaded beyond M'p =
(1.1~1.6) My.

6. On the Bending of Deep Beams

Series of Bending tests of deep beam and web girder were performed. The results
are as follows:

(a) Maximum loads of deep beams and web girders of ship hull depend chiefly upon
the buckling of face bar.

(b) Buckling load and patern of face bar change with length-breadth ratio or
breadth-thickness ratio of face bar.

(c) From these results, the guidance for design of detail construction can be obtained.

7. Strength of Stiffened Plates Subjected to Lateral Pressure

In order to investigate the strength and plastic behaviour of rectangular plates stif-
fened in one direction, twenty models were loaded laterally by hydraulic pressure to
failure. Structures of this type can be widely seen in ship as shell platings and bulk-
head platings.

These models, having loaded area of 470 mm %940 mm, are classified according to
the combination of materials for plate and stiffener (mild steel and high tensile steel),
and to the variation of regidities, shape and spacing of stiffeners.

Models were set to the pressure (allowable pressure: 100 kg/mm?) to be fixed at all
edges and were welded to the testing apparatus to restrain axial displacement.

In the course of experiments, hydraulic pressure was increased step by step, and
stresses and lateral displacements of panels were measured at each step of pressure.
The experimental results are reported in this paper.

8. Collapsing Strength of Ordinary Bracket

This experimental research was done with the object of obtaining the basic data on
the collapsing strength of ordinary bracket. Two kinds of materials, mild steel and
high tensile steel, were used for the bracket plate. Of each of them, depth of bracket,
width of flange, lapped length of beam and bracket etc. were sltered systematically.

Results obtained are summarized as follows.

(a) Collapsing strength improves obviously by using high vielding stress steel for
bracket plate.

(b) Width of flange effects remarkably upon the collapsing strength of bracket, and
this effect seems to become constant if the width grows above a certain level.

() Moment comes to be maximum when the rotating angle aganist the connecting
corner reaches to about 0.01 rad., and the capacity of rotation at the maximum moment
is nearly equal to 0.1 rad.

— il —



(d) Stress concentrates in the neighbourhood of beam, especially at the too part of
bracket.

(e) Collapsing of bracket is accompanied with the lateral protrution of its center
line, and the shape of stress distribution on the line is gradually constant irrespective
of the shape of bracket.

(f) By the collapse of bracket, there grows comparatively clear plastic hinge lines
on the surface, the types of which are as shown in Fig. 6-19.

On the extremely rough assumptions, the collapsing moments for both types are
calculated as follows:

for the bracket of no flange or narrow flange,

‘\/gh'f‘f? ﬂ'yfb .
M = iy \/a +4../SE ......... “)

for the bracket of wide flange,

N 2h+l | 24N 2 amy .
Afl — ?”p Jg?n “/§ .\/@_‘; faseanees (ll)

where, m,—full plastic moment per unit length of plastic hinge line

9. Low Cycle Fatigue and Nocth Effect

The results of the low cycle fatigue tests, carried out on both the mild steel speci-
mens and the 60 kg/mm* high tensile steel ones are as follows:

(a) Minimum life (number of cycles at which rapid reduction in fatigue strength
occur) is different in both materials. That of 60 kg/mm?® high tensile steel is fairly larger
that of mild steel.

(b) Fatigue strength ratio (o~ ut/ox ms) on plain specimens is almost equal to the
ultimate strength ratio of materials (s yt/esms). The same results are shown by
notched specimens,

(¢) In the range of very short life, fatigue strengths of notched specimens are
slightly larger than that of the plain specimens on both materials.

10. Deep Bracket

The series experiments were carried out under statical and low cycle repearted load
using the models of deep bracketed connections constructed of both 60 kg/mm?* high ten-
sile steel and mild steel. By these experiments, the following results are obtained.

(a) The larger is the inner radius of bracket, the greater is both statical and low
cycle fatigue strength, but the outer radius of rounded gunwale model has little effect
upon the strength. Tripping bracket attached to the web plate is very effective for
improving both statical and low cycle fatigue strength, but the scallop on the corner of
the web plate decrease the strength remarkably.

(b) The ratio of low cycle fatigue strength of high tensile steel model to that of
mild steel model is larger than the ratio of statical strength on the experiments of deep
bracket and is less than the ratio of statical strength on the experiments of rounded

—_ iy —



gunwale model. The reason of this contrary tendency in low cylce fatigue strength of
two experiments can be considered mainly the difference of the welding conditions
between the deep bracket models and the rounded gunwale models, so it is necessary
to be performed further investigations in order to clarify the suitability of adopting high
tension steel to the hull structure of a ship.

11. Low Cycle Fatigue of High Tensile Steel

In order to obtain the fundamental data on the fatigue strength of high strength
steel plates used in ship structure, the Committee conducted fatigue tests on three kinds
of high strength steels, namely HT 50, HT 60 and HT 80, as well as on a mild steel
SM41. The experimental work includes pulsating tension tests, ratatory bending tests
and pulsating bending tests.

Main purpose of the pulsating tension tests was to investigate the fatigue strength
of the strength of the steels subjected to a repeated load of low cycle and to determine
their endurance limit. The effect of welding on the fatigue strength of the steels was
also studied. In the pulsating tension test, 10 mm thick plain specimens and butt-weld
specimens (longitudinally butt-welded specimen and transversely butt-welded one) with
the weld reinforcement on were used, the shape and the dimensions of which are desig-
tnated by the Japanese Industrial Standard Z-3103-61.

The rotatory bending test was carried out mainly with repeated loads of high cycles
o secure the fatigue limit of the steels. Tested specimens, notched or unnotched, were
those taken from mother metal and transversely butt-welded specimens (both manually
welded joint and automatically welded one). All the specimens were machined out and
the diameter of their parallel part was 12mm. On the other hand, the pulsating bend-
ing test of plates was made on simply supported mild steel and high strength steel
beams subjected to a lateral repeated load.

The test results as obtained in this research work are summarized in the following
items.

(a) In the case of the pulsating tension tests, the S-N curves were almost paraile1
to the N-axis in the high stress range (the maximum stress exceeded 90 per cent of the
tensile strength of steel), where no significant difference was found in the fatigue
strength between the butt-welded specimens and the plain specimens, and the mode of
fracture was the necked-out type such as occured in an ordinary static tension test.
When the maximum stress was lower than 90 per cent of the tensile strength, consider-
able decrease in the fatigue strength of the butt-welded specimens was found as com-
pared with that of the plain specimens. In this region, the mode of fracture was the
fatigue-fracture type accompanying with small plastic deformation of the specimen.
Furthermore, in highly stress-concentrated specimens (such as the transversely butt-
welded specimens with reinforcement on) the significant decrease in the fatigue strength

* HT50, HT60 and HT80 are high strength steels of which the tensile strength is 50, 60 and 80
kg/mm?, respectively,



appeared at comparatively smaller number of cycles of the repeated loading.

(b) The transverse butt-welded specimens showed fairly lower fatigue strength
than the plain specimens. It is considered that the decrease in the fatigue strength of
the transverse butt-weld specimens was caused by stress concentration at the reinforce-
ment together with the metallurgical deterioration of the material due to welding., In
the case of the mild steel and HT 50 high strength steel, however, the matallurgical
effect was not so significant as in the case of the quenched and tempered steels, HT 60
or HT 80 steels. In fact, the endurance limit of the transversely butt-welded specimens
of HT 80 steel was approximately equal to that of the mild steel.

(c) Results of the rotatory bending fatigue test also revealed that the fatigue
strength of the butt-weld specimens of the quenched and tempered steels considerably
decreased as compared with that of the mother metal specimens.

(d) The pulsating bending test proved some advantages in steels of superior duc-
tility, and the test results indicated a close corelation between the fatigue strength and
the tensile properties of the steels.

It is concluded from the test results that, a careful attention should be paid in the
design and fabrication of the structural members of ships, especially at the part of
stress concentration, when using high strength steels to those members where higher
working stresses are usually assumed than in the ordinary steel constructions. This
must be particularly emphasized in the case of the application of quenched and temper-
ed high strength steels into the welded joint of the structure from the view-point of the

fatigue strength under repeated loads.

12. Low Cycle Corrosion-Fatigue of High Tensile Steels

Recently, minute cracks are frequently observed in ship structure and it is supposed
that these are due to fatigue, especially low cycle fatigue. Owing to the environment
of ship, it is also belived that the simultaneous action of corrosion and fatigue contri-
butes to the initiation and propagation of a crack. These factrrs are important as well
in applying the high tensile steels to the construction of ship. In this paper, the corro-
sion-fatigue properties of high tensile steels at low cycles were investigated and the
following conclusions have been obtained:—

(a) The relation between log S and log N is expressed by a straight line in air and
in sea water, respectively, and the slope of the straight line in sea water is steaper
than that in air.

(b) At very high stresses, in which the time required to fracture is short, the
effect of corrosion is not clearly observed, but the lower the stress, the clearer the
effect of corrosion.

(c) The influence of frequency of repeated stress was investigated, and at the
same stress, the higher the frequency of stress, the larger the number of repeutions to
fracture. This tendency is more remarkable in sea water than in air.

(d) The depth of crack around the groove of the specimen at fracture is nearly

T —



constant at the same stress regardless of the test conditions—in air, in sea water or in
any frequency of stress.

(e) The rate of crack proragation sea water is larger than that in air.

(f) The change in deflection of test specimen during testing is similar to that of
the depth of crack due to faigue or corrosion-fatigue.

13. Stress Corrosion of High Tensile Steel

This experimental research was done to know the character of high tensile steel
regarding to the stress corrosion in comparison with that of mild steel. Mechanical
properties and chemical compositions of tested materials were as shown in Table 9-2-1
and 9.2.2.

Test was done in the air and in 4 ¢, NaCl liquid at the temperature of 20°C, and
the load was chosen so that the stress grew on the test piece between the ranges of
0.50y and 1.24y .

Reduction of diameter of each test piece was measured precisely after the test
period of eignteen days, and the results obtained were as shown in Fig. 9-2-3. It should
be said from these results that high tensile steel has more excellent anti-stress-corrosive
property than that of mild steel.
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Table 2:1  Mechanical Properties of Materials

Young's Up. Yield Low. Yield Tensile | True Brea-| Elungatitml Reduction
Material Modulus Stress Stress Stress  king Stress [G.L.=50] of Area
E (kgmm?) | oyy(kgmm?) gyr(kgmm®) op (kgmm?) ar (kgmm') (%) _ (%)
A-l | 2.15x108 29.3 28.7 47.0 83.0 | 376 | 535
M. S. { =3
4~6  2.13x 10! 26.7 26.0 43.4 5 | 2.3 ‘ 51.9
HLT. 60 2.16 % 10* 58.8 58.4 66.2 104.6 } 14.8 | 2.6

Table 2.2 Data of Chemical Analysis of H.T.60 (%)

C si | M P ‘ S

0.17 | 0.36 1.13 0.015 0.010
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S i S A Table 202 123 L 72,

L 220 |
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Fig. 2.2 Stress-Strain Curves
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Table 2-3  Test Results

Initial Sect. ~,. foo Calculated | Area Elongation|Elongation
Yield Max 3 !
Model Area of Mmoo iy Ay Yiel Reducation Rate Along/Rate Along

Opening Load Load Py[Ao | Pmax/Ao teld Rate on 5 4

l‘:i(ha B sl ~0% | Load Py|Poy th‘P:-kan the Lengthithe Length

No. e Py B By Sect. Over All 'of Opening
mm?) (ton) (ton) (kgmm?) (kg/mm?) (ton) (%) (%) (%)
=] 4,680 100.0 152.5 27.2 4] :5 95.7 1.05 23:6 8.4 11.9
A-2 4,680 95.0 127.8 25.8 34.7 95.7 (1.99 13.6 3.0 7:3
1 1,140 105.0 180.0 25.4 43.5 107.6 0.98 28.5 3.5 11.6
4 1,140 106.0 190.5 25.6 46.0 107.6 .94 27.6 H.9 14.8
3 4,140 105.0 135.0 25.4 32.6 107.6 0.98 24.5 2.9 9.1
4 4,140 132.0 185.0 31.8 44.7 131.0 1.01 20.3 1.1 7.4
5 5,040 145.0 192.0 28.8 38.1 160.3 (.91 2.3 3.0
6 5,040 140.0 180.3 27.8 35.8 131.0 1.07 28.2 o 2.6

Photo 2-3 Crack Pattern of Brittle Lacquer Photo 2-4  Crack Pattern of Brittle Lacquer
(No. 2 Model) P=110ton (No. 3 Model) P=130ton
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Table 2-4 Pmnx}'lpl‘

Model Al 1 2 A2 3 | 4 5 ‘ 6

|
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MK ER T 1B S
(€15 R = IR )

3-1-1 F z H =

AR OIS ST i 7 & ORISR ISR O RV ER & VT, GERO IR b I X O flish T
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iz vz, £ OBWHME, (L% Table 3-1-1 25,

Table 3-1-1 Mecanical Properties and Chemical Composition of Used Steels

Mechanical Properties Chemical Composition (%)
Material - T :
(kg;innf)'(kg/mm’)i (%) | b_"-‘“d_ C | Mn | S | P S | Ni Mo | V
i | |

49 | 62 ‘ 23 ‘ goodl 0.14 | 1.12 . 0.42 |t'l,(l'.22 0.026 0.49 | 0.22 I 0.14
| | : |

High Tensile Steel*
(HT 60)

Nl el 27 a7 | 31 good 0.17 0.65 — ‘0,0:::: 0020 — | — | —

(SM 41)

*HT60: Normalize and Temper Type
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EEENME PRI EIE L2 LoD T, SMACEE L4 0 47775 - 7o, HARMTIE, T59E75M
ZHT L UTHR L7z, IRFIEHE T S CRasR IR O i % e (LB-62) 2] L7z, Feds, EH O3]
SRR IZ LA —THEO L ORIV, SHIZRMAMBER T, BECIL2RACNOREY» S 25
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Table 3-1-2

Number of a* | b* l o
Specimen (mm) | (mm) (mm)

1.1 HT — - —
MS 120 120 120

192 HT 120 120 120
MS — — —

1.3 HT - 120 —
MS 120 120

1is 4 HT — 90 —
MS 135 — 135

1-5 HT 120 — 120
MS - 120 —

*: Reter to Fig. 3-1
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Table 3-1-4 Test Results
; l| Mean Stress
Number of Yield Strength Max. Load Moz, Toad
Specimen % O
(kg/mm*) (ton) (kg/mm?* )
11 33.0 147 o0.7
12 52.0 196 G7.5
13 40.6 144 49.7
1+4 35.3 156 54.2
1+5 44.9 179 (2.0
(2) HrRgM oG
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Table 3-1.5 Test Results (2)

Nuiokier o ‘ Yield Strength Mix. Load Mean Stress at  Strain at Crack I Strain After

e Max. Load Initiation Fracture
Specimen (kg/mm?) (ton) (kg/mm? ) (%) G.L.=400mm (%) G.L.=400mm
2-1 33 . 157 51.5 17 18
22 42 | 170 57.0 19 21
243 43 ’ 184 58.7 12 14
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Table 3-2-1 Mechanical Properties of Materials

H.T. 60 M.S.
Young Moduluu E (kg,ﬁmm’) 21,300 21,800
Yield Stress oy (kgmm) 56.9 23.7
Tensile Stress on (kg/mm') 66.4 41.3
True Break. Stress or (kg/mm?) 124.8 73.2
Area Reduction Rate (%) 64.0 51.5
: (G.L.=45mm G.L.=100 mm
Elongation _ (%) 20.5 ) ( 32.3 )
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Table 3.2.2

Section AA
Tensile Load
Elongation State
119.4 (t) 0.11—1.2 (%) Yield
175.2 6 Strain-hardening
181.6 7 ”
208.2 18 Reaches Tensile Stress
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AUBREARNE, TAUTERMEBOR VX 5 ITHER
L CifiemI L, 2ikim%lo BT No.10
A (Tabe 4-1.2) #fr%, B{EHE 650°C T
1 BRI OISR FMER 21778 » 72, Th Mo
ALY, JEHERMEZERLTYWS0T, #
Mxfibd, B0 ETcHRLA, %7s,
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LD TH B0, EIfThbldr 7.

7z, ABRERZUDHL 22825, &K
1 & Fo05 kel 28 L, 5l
SRR ER 2 FT75 - THRO BRI 8 2 ok o 72,
- oA Table 4-1.3, 4:1-4 (231

% 7o, W i SR R O R fi 22 Table 4
«1:5 {2

[BEEIC2&

b My (37 7w Maihash x

Table 4-1-1  Material of Test Models

o 0
Test Model = Stiffener

Series : Plate

AL 1 MSh MS:
AL 2 MS: HT
AL 3 HT MS:
AL 4 HT HT
(a) AT 1 MS1 M S,
AT 2 MS: HT
AT 3 HT MSq
AT 4 HT HT
ALT 1 MS) MS:
BL1 |« MS: MS1
(b) BT 1 MS: MS1
BLT 1 MS: MSi
Note: MS;---Mild Steel SS 41

MSg: - ” SM 41
HT ---High Tensile Steel (FTW 58)

5 EBIRLIzLED E— AV b, My 32WEE— AV 1 THD.

Table 4-1-2

Yield Stress

Yield Stress

Mechanical Propertes of Materials

Tensile Strength l Elongation (%)

Material (L ower) (kginm®) | (Upper) (kgmm?) | (kgimm?) G.L. = 100mm
SS 41 26.0 _ (about 28) — —
SM 41 33.32 24.20 45.30 27.51
FTW 58 2.24 653.24 62.31 19.10
Table 4:1-3 Dimensions of Test Models and Materials Used
_'lTest_Model : Mnteri.nl
Stiffener Plate
No. Stiff. Plate
No. 1 . IEO_X 9.5 B.P.* 1 300 = 20 __MS MS
2 150 x 9.5 B.P.* 240 % 20 A
3 ” 300 = 20 " I ”
4 ” 360 = 20 ” ”
5 180 < 9.5 B.P. i 300 = 20 ” 4
6 150 x 9 B.P. 30020 HT HT
7 P | » P MS
8 75 X9 B.P. " ” HT
9 ” " » MS
10 150 x 9 B.P. | ” MS "

*: Stiffener were cut out from 180%9.5 B.P.



Table 4-1-4  Mecanical Properties of Materials

! Ylecl:;(i’;SlEimnI?;w) ' legillt-(:kmt;gg}th | }:,It)?!;;‘l;mn Specimen No.
MS* =20 mm 25.9 46.2 i 27.0 No.-l_-u 5_
M5 (Bulb, Plate)® 24.6 2.3 27.9 No. 2 ~4
o (rB: Ig.'sprlr':lrt:)* 26.0 42.6 30.9 No. 1, 5
HT t = 20 mm 56.2 65.9 . 14.7 No. 6, 8
HT t =9 mm 56.2 61.0 . 14.8 No. 6 ~9
MS t =20 mm 28.3 49.2 30.8 No.. T 9
MS t =20 mm 25.1 38.9 _ 32.6 No. 10
MS t =9 mm 26.7 41.6 29.8 _ No. 10
*:  Annealed (600°C, 1hr)
Table 4-1-5  Characteristic Value of Test Models
M:,E;th M‘;z‘g:;uf){ Sec!i:m Modulus | M, {'['-I‘VI'J r}&l,:ﬁm“ MM,
I (mmt) S (mm?3) ay xS My (T-M)
AL 1 i_ 5.718 106 ! 7.88 % 10/ gy | e 1.53
AL 2 | ” ” 2.63 ; 4.60 1.75
AL 3 . " 4.08 5.67 1.39
AL 4 | ” ” 4.12 (.29 1.53
AT | ' ’ (2.6 (100 o
AT 2 " : " 2.63 1.60 1.75
AT 3 4 , # 4.08 5.67 1.39
AT 4 » | " 4.12 6.29 153
ALT 1 . | ’ (:62) @o | 169
BL 1 1.017 = 107 L.097 = 107 2.85 1.14 1.45
BT 1 ” i » " » »
BLT 1 | ’ 5 v , v ,

Note: Numbers in parentheses denote the Moments Used oy of SM 41,

(2) faitfi3s X OGHM
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Table 4:1-6 Moments Measured and Calculated

Measured Calculated

Mp’('l‘-M)i My My | Mo(T-M)| MM, |My*(T-M)| My'*/M, _} M*(T-M) | My*/M,

AL1 | 2.8 1.06 — ] = W 1.18 — | =
AL 2 3.52 1.34 4.50 i 1.71 | 3.12 1.19 43 | 1.65
AL 3 5.00 L 5.75 | 1.41 4.88 1.20 5.51 1.35
AL 4 4.70 1.14 6.06 1.47 4.94 1.20 5.75 1.39
AT 1 2.41 | 1.8 = = ‘ 2.41 1.18 - —
AT 2 | 3.0 | 1.16 4.33 1.65 |  3.12 1.19 4.33 1.65
AT 3 ‘ 5.10 i 1.25 6.05 | 1.48 | 4.8 1.20 5.51 1.35
AT 4 | 4.9 1.19 6.15 1.49 4.94 1.20 5.75 1.39
ALT 1 2.44 1.19 — - 2.41 1.18 ~ -
BL 1 3.53 1.24 = = 3.38 1.19 - —
BT 1 ‘ 3.40 1.19 — — v " - -
BLT 1 | 3.87 1

.36 — — ” ” — —




Table 4-1:7 Moments Measured and Calculated

i i Calculated
'IestNMndel M, M, : M; . Mgt | —————— .
o | | ' My | M,
Na. 1 2.95 3.44 4.20 5.05 2.51 . 4.12
; (1.18) (1.37) (1.67) (2.05) (1.00) (1.64)
5 4.00 4.56 520 |  7.20 3.17 5.10
= (1.26) (1.44) (1.64) (2.27) | (1.00) (1.61)
3 4.00 4.46 5.40 7.16 3.18 5.24
' (1.26) (1.40) (1.70) (2.25) (1.00) (1.65)
4 3.50 4.05 5.45 | 7.20 3.22 5.40
(1.09) | (1.26) (1.69) | (2.24) (1.00) (1.68)
5 5.10 6.50 7.20 9.60 4.48 995
(1.14) | (1.45) (1.61) | (2.14) (1.00) (1.61)
6 3.72 | 5.87 7.18 9.00 4.16 8.04
| (0.86) | (1.41) (1.72) (2.16) |  (1.00) (1.93)
7 3.75 | 5.95 7.25 8.48 4.16 7.15
L (0.90) | (1.43) (1.74) (2.04) (1.00) (1.71)
g | 1.13 | 2.05 2.70 3.56 182 | 3.47
(0.86) (1.55) (2.04) (2.70) (1.00) | (2.63)
9 1.10 1.90 2.47 2.64 1.32 | 2.60
: (0.83) (1.44) | (1.87) (2.00) (1.00) | (1.97)
{0 1.88 2.50 3.20 4.30 1.97 3.70
(0.96) (1.27) (1.62) (2.18) (1.00) | (1.88)

Numbers in Parentheses denote the ratios of M to My Calculated

BT, 2WEE— AV T 5—20RHEL T Lin L,

My 1%, X D51 7-ARE 1.5 My/gy O 1tfR E—AV b AREREPEDLEDE— 2 Vv

bC, fap BN ldimﬁﬁﬁﬁ:Mktﬁﬂé'ﬂwﬂﬁhﬁ mELTERDI,

Zh6 RS X OFHREOMERA Table 4:1:6 5 LU 4147 12773, Table4+1+7 T Mgna i1
M; Db EBHED/ 2, T— AV X EBIZERT %52, TR T L CEBR2 R LEEGT 5
ZEDRAREICR -T2 L EDE—- 2V T, EBRETHOE—RAY L E0VWS5EW®RTHS,

7eds, S EIRA T, o 4 o LRI HE U2k 20k, MESRL D, FBRED
LAHIDOT, [A—HAETHMT 7200z, SMER O % Table 4-1.3 o> SS41 : SM 41 0%
REDEEZFTIEEL, () AIZRLE,

4.1-4 §£ 3
(1) ABFEAES

1) #Rf} Stiffener Oy € — 2 v | LR L OBFHE, MR, SEENMThoB ST,
YAVES F CHBMEBERIC X o THGIEREIC kDD LT E 5,

2) Stiffener KON, Plate IodkiMA M LC4, @ENMAMAIL L, AEBO L 50
thiF 2 5\F 28551213, Stiffener O A #I A X < VIR Y, FoE3 Plate nif&{k%
BB OTPITHTL D0 T, Mi <HLWETIHEIZITEALS V.

Wiz Stiffener A2ER DMV 121X, Plate 2KMC 4 S5k T 4 368 Loz LAY

Ty,



(2) LR AL

1) fhiFe—2 v bl oMfRIE, kW, A, FRHOMAOY{TTL, Size 24F U
75, fEkIEib L7zdhii MIMy ¢y i L A THDIN D, L72hisT, L 7 R § 2 i 7
WU OWTRSD T IUHE, FHiIRDM, RO &2V *T‘iiﬁ‘fﬂm‘ﬂ‘ﬂéf?t@i’&’ 75T, #OF
Btk A sk & 2 g, dhire—2 v b LiiR L ot +oIERCRkD bR D,

2) 77 vIRAEBADCHS VTV B, WAL L7 7 vV Oflhvo i B fTME AV
ERSANCE

3) M, ofize¥ke—2Av 1+ My 2337 5%,

4) WRiOEEIIOWTIE, MRS RIEROLIE 572 Thbb, WY =« 70Tl
— it 5L O L REL, Mises DIFRENERVC, 2tk x—2A v 1 & 5tHT 5L, (a)
Series Tli 0.955 Mp, (b) Series Cix 0.883 M, {8 T+ 5, —Fh, FEEE»51E, My 4
M L8N -120T, il oz c&ivgs, 7275, it lofeiftte— 2 v M id
B2 K3 % &, (b) Serier LA AL W/ L Tn o TV 5 A, FHEEESRH LD X 500
HbHEHIZRZShisd o7,

(3) ST Fv— b HR

1) My & My LIZFEAE—BT 5,

2) EBcHELsShii My fHHELEO My XD ETFHHTH %,

3) My iZitE Lo My ofyl4ficds,

4) EF—AV IR MERLALE, PH{EOPEIELLLD, fhiFe—2 v b - ity mor
LR LS,

() F Sl
1) M OHIZEISEED My X iz DRV, ZHud- L7 7 v— pERICHI LT, @ik
EHREHOMHIBICX 53D TH S D Ll b,
2) EERTHELN My, S EO My X H L —AHTIRVD, SRR BRI TLE, RG]
BRSBTS » TV VWOT, HIEENCNORE LS50 THLLELLNL,
3 M, 3EE Lo My oiFiE 14 (5RET, 77 v— rESOYE J:.[u'll;'Ca”D{;\
4) T—AV i M AMAZTH, BHLOPEIISE VHHETIILV,
4.2 F4—TE—LDBEE
(§1 b i —)

4-2.1 EBR 0B ®

R ZHIK LT % Web Girder 5z, wsROMZ R L7230 o dGt o R 255 T,
AT 47 Web Beam (X - Tl FilBi% {77y, Face Bar ©» Buckling, Tripping Bracket
BB HiESF W2 DTH D,
422 ¥ B K &

(1) FEEPEE

Table 4+2+1 {2757 15 {f> Web Beam |ZX ¥, Face Bar iz JEHEZ AT 2 ldhi il B % T

._28_



Table 4-2-1  Specimen

Specimen No. Face Bar Web No. of T.Bkt
1 80 %6 500 % 4.5 =
9 o . 1 Left & Right Contrast by
3 , , 3 (}enerally.. But, Only *
> | Mark is Side of Web by
4 107x4.5 ” i = Face Bar.
5 " " | 1
6 " " | 3
7 60 % 8 " .
" " 1
9 " " 3
10 806 500 =< 8 3
11 " 500 12.7 -
12 138 % 10 300x4.5 =
13 " ” 3
14 80x6 | * 500 x4.5 =
15 " ” 3

o TGN, B2 d L, BAORRE, B2 #-<7-.
(2)  Pratfk
15 O RO ik X U Tripping Bracket {#4t% Table 4-2-1 2754, fkat{kiziz 1~
15 $CO—EHESZMHLTW S,
1) ik 1~9, 14, 15 (DT
a) No.1~3, 4~6, 7~9 |i-+i.+4L Face Bar Area —% T b/f Ratio (727, b |t Face Bar
i, ¢ |3 Face Bar |# %) #2{bE €723 DTH - T, WWiiLd Face Bar orh( i Web Plate
gLzt otdhs
b) No.14~15 [ Face Bar O=fi%lx No.1~3 group L[i] L TdH %%%, Face Bar o) filliz Web
Plate /5L 7-3 0 TH 5,
¢) Tripping Bracket {#fiix 1, 4, 7 (Jikfar iz 0 1@, 2,5, 81X 1 {#, 3,6, 9 % 3 >
7=, 1{Eo Tripping Bracket 7 fi4 % Model %%, EfFDOREE D) 1/3 Model (2414 %,
14, 15 133050 0, 3 @A HT 5,
2) kK 10, 11 22w T
Plastic Hinge 7°C & 4 %F % L€ d/w=43 (7z72L, d; Web &, w; Web W)y) 208 cdh
HEVbIvTwdh, ChEefitmiizoiz, Web F 12.7 mm (EMHRT 38 mm) 254775,
10 (2ol = LC, Web #iJf 8mm = L Tripping Bracket # 3 {# - L7-.
3) fhalik 12, 183 izouw T
12, 13 1% 1~9 group LR #[[—izL, Girder Depth #{K < L4 D TH%., Web HlFiz—
FELL, Lich 5T Face Bar Area 7KL T\ %, Web Plate IZ]L T4 d/w=67 ‘T (1~9
Tlx d/w=120) Web Plate OFERBIIciEXh T4,
(3) Tk ik



200t k) AR 2 (i1 U Loading Beam [z & b lifhiy 2 45 2 7=,
() Wk
i, Face Bar 75 0%z Web Plate 7554 235 KRBT llseE L 7=,

{87, Face Bar 750002 Web Plate Offi#iZ4, 351 0% Girder 4:(hd i
THlsE L7z,

423 ® B % R

FERES AVEW Ut & & b~ %,

424 & =t

(1) i F#Ez it ds X O Face Bar, Web Plate il 7 it

1) fhiyizii4a Face Bar @ Group % (1~3, 4~6, 7~9) i-
T, fF OIS CIE, B RITTRGIEEAYHLL, FIBE*
MRS 35 X Ol L, WP d
VI O B NTHE L 2 5 )

2) Face Bar 15 ) U° Web Plate ot 7 i %,

Tripping Bracket ORI % < I 55 H50 0,

_TEptwn prr w
= ol Lovet

U'Frl

Sy p——— O e

I 2000
L B— - -

Plot LT Fig. 4+2:2

Dial Gauge

el

LIFFE—-F L TV 555,
(*: FHE{EIZ

Face Bar ¢ Group §] (1~3, 4~6, 7~9) |~
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-
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T
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Fig. 4-2-2  Load-Deflection Curve

Fig. 4-2-1 Specimen
40 ~
ac_ __
zl
>l s
B 11 2a)
a]
o |
- :
g |
\ -
| v ecimen . | O Mo of Specimen |
[1-) I . B —
| 1 4 _i | [ |
| | | |
e = - o D :N,_ ""9-- o - flao ltae oo Aoy muu |1oo dloo
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Plot LT Fig. 4:2:5~4+2+7 {Z75%, Trip-
ping Bracket O $(»% < /x5 &, Face Bar
OfigEA RS T 520 T, BAREA
My 5454 LA T4, Web Plate OffiBEZ i
(¥, —f%iZ Face Bar £ W KEWHIFTh
<, 3 {#o Tripping Bracket # 44 6, 9
{, Loading ¥l ¥ Web Plate o™\ H 5
F 5 TWwW5h, it 3 {@o Tripping Bracket
R L T4 Aspect Ratio=1 =, Web Plate
OREREICH £ D EL L2 TH S,

3) Face Bar # Web Plate @k {illi= >}
7= 14, 15 OfE2 s, [o]U Face Bar # i+ %
1,3 @ Group &le# LT Fig. 4-2-8 (2551,
14 & 1, 15 L 3 LT 5
Face Bar % Web Plate O iz 277234 D

Zhubh b

X, Face Bar il 2 B <% h, Foi-
DI EIMR L 20D 2 EAVH 5,
4) “‘lefIl fﬁ )L T Web I |] ﬁ’fﬁk 25 1% s QL;,IL

fk 12, 13 OEZ % Fig. 4:2:10, 4:2.11 |27
T, HEAapld, Web Gxommuhitikiz L
TREVD, BREFEEIILLAEL K ->TW5,

(2) JeAsdKiE

1) Face Plate OERiz >\ T

[a]—mifit> Face Bar T 4, JER{H %~ 45 % 5 fif
HIIZELTWS Z &5, FEEoRK
b, GHEHALHS X 5, FEGUERR, 55
B, B5XULOREERTH %, £D 5 L

g | la> Zj@:
L e
|
(@) :H!n of Spfecaﬂlzr:.

Deflection -
Fig, 4-2-8 Load-Deflection Curve
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HERIL Face Bar 72(3® Euler B X 5% & - T\ %, Web Plate %< L4 Hifhs
F\ DT, Web Plate ORift4% Face Bar s+ h &5 L 5T %, Face Bar iz
Tix Euler FEf3s X ORIEMOM 5% Check LTH<,
a) Face Bar O3tk Euler /iR R
Web Plate 7 fit#i L C.

I: Face Bar Ot~ £ v b
!l : Face Bar O g X

Py = n*El/ ]

oy = 2800 kg/em? = gx, E = 2.1x10° kg/em® & FiuF 1/b=25 5 x5 %, ZoOKiEx
Face Bar »: Euler /8 L7:8; 5o, #LMMoORR L5 5,
b) Face Bar @ ¥l Euler M Jf R
o> Euler MR HIX, E ZURERKE LT, Po=nEl/l? TS5 2505,
or=0y=2800kg/mm* » L E=E/10 2+ % L2, Bui{bisc@ERT 2R L LT 1b=8 »
5zabh s,
2) Face Bar oS EMIZ>WT
a) WHERIZOWT
Face Bar 2z Web T¥%{f, filHBOHRE 5 &,



ok

- ( 1"["mm = 0.425
T Ka 1

(g 2B (b/2))212(1 -1

gr—=0y;=—2800 kg/cm® - T, GHPEIEEIR R b/l =34 218 7

3) Face DBar Tkl 2 e+ 4 2 2ok b, FEIRHIE T Table 4.2.2 ¢
L7245 T Face Bar 16, bjt 1= X v, Euler FEJH 7% Ja) i I 7o,
S5, Fig. 42412 (12 [ "7

4) Web Plate

Web Plate 7 PuJE][alfi;: %o OMERE = L T Hik Fig. 4+2-13 =k E{EAkiET, Web
Plate @ _-USDIEH2 6y WHELT- L X0 EIRE L 2% L < 7 LR R

agi—=Ka ge=mE(w/d)*12(1

v* 1.93 < 10° (w/d )* kg'em?®



Table 4-2-2 Size Ratio of Face Bar, Buckling Region and Bnckling from Type

Euler Buckling Size Ratio
Elasticity Region I/b > 25
Hardress Region of Plasticity Strain I/b < B8 ! : Face Bar Sustain Length

= b : Face Bar Bredth

Part Buckling t : Face Bar Thich

Elasticity Region b/t > 34
Hardress Region of Plasticity Strain _ b/1 < 17

Osptt eutn t B |O44 Ll b B | M Eln L B
g, B
THE LE | PHEN LA | Wi dert A
25
© #R1S Eulon b [ | 8R 1% Fubn 2 B (C Wi Eutin £ B
i3, B
g.{ A EAT L L | A"MBN L E| NHEAELESR
8 —
Y e b B (O Eut B (O % Eun A
g, B W
PHEH t R B L R| Hie B LA
0 7 3G
Fig. 4-2-12
T Face Plate Tk
| 7
/
/
i
Fig. 4-2-13
K offiix Aspect Ratio |Z Lk 4,
gr=0y=2,800 kg/em? ~+HfRR A5 2 4 dlw |
ld | 0.4 0.6 0.8 1.0
K | 15.1 9.7 8.1 7.8
dw 101 81 75 73

1~9 £ TCoOMERBEIL oe=12.6kg/mm? THh %,

P=148t zxlod 5,



b)

Speci-

men No.

&=

W b 0 A TR 4 I
Web Plate 7 Ui [alis 15 O A8 RGO & LT 5. Fig. 4-2-14 08,

| # 4 o

1 | [

N .
—7 ‘

Fig. 4-2-14

Table 4-2:3  Final State Comparision

Define trom Found-Price that Outbreak of

Experiment Effect  Buckling Condition (Fig. 4-11)**

Flange
Size Ratio

Face Bar On Face Bar
Euler Buckling ‘ Part Buckling
/ * W ——
b/t o Load Form? E];?s,ll- Neutral Hard- | Elasti- ‘Ne el Hard-
= city | ness city utra ness
= —
188 | 25 | 2 W [ O
. 33.5 (42) .
' 12:5 32 (27) | E-
. . 41  (42) - S
63 | 435 (33 |E-L-
. 34 (42) | —=
23.5 18.6 25 (21.5) | S - B )
" < 38 (42) - A )
2 | 30 @y Bl | | C O
i z 40 (42) .
o 36 (30.5) L. 2
96 (42 .
— 32 (42) = o
! 16.7 30 (25.5) E- b
1 39.7 (42) - .
83 | 3 (255 | E- [ el |
13.3 | 25 20 thd) @) ,
| 6.3 g 63) | g @
" 14.4 Al E.l 0O
| 13.8 3.6 46 I
' | 26.5 _ - !
Jlr = 10 (8.5 B .
| 31 . il S ' |
20 a7 @ E ‘ i
LB St 2 ond, (ton)
EExti; Plastic Hinge 234 U = % 2 723 & 0 ik i BRI () AN, (ton)

TE/; Face Bar {{[EZLp 2 L /- i (ton)

FB: FHICxic+ % Stress (kgmm?) 2 () (24,
MR T & PR O~ 2 T 5 &, AR AR, AT (Sitik, Balibsiz# o) 2
W - THIRH RS, £oMEc20TRT,

E iz Euler 48

L i zn+

—_— 35 —



o= (Dz(md/l)*+2 Dey+Dy(l/md )*)1/12(w/d)*
KRS kM A7 steel 1Thf LT, ¥R AL L T,
D,=0.21 x 10°%kg/cm?
D.y=0.57 % 10°%kg/cm?
D,=2.3% 10°%kg/cm?
D ZBENTVWS, ZOREZER L THRET S L, IRF dw i3,
lld, 0.1, 0.2, 0.3, 0.5 d/w; 81, 43, 35, 28
ThHZbN 5,
(3) A KuE R
Gtat R O RIS 2 _LECRR YA & b UC Table 4-2-3 (2773,
1) Face Bar
M HE B FISET % L Face P EIBER, MERBAEMMOHEETE 5, REHIE L
T, 3Okt 6, Euler B LEEER L, E{LAMRTRAET L 2 LA THICE 500 FEHES
PT LT s X ORI QST R & i, WD, BRERAEmMERTL O TWvd,
7 O~ Euler MR, R B LR Tl D 2 LAV X 508, EERES T
726 % Euler WO BN Tl » THGAR KT H 5,
6 75 Euler X EE(LHL, FRERIIEMCAICAET S (PBHEIT) T LAVRSH D5,
LRSS L IO LAEMTF STV S, BRIZDWTH EiLOZ LABHTE %,
2)  Web Plate
Web 25# 0T, OB MBERIIEM»SE T TN D 2 2525, Lo lbivk
M S 5, B 9 XG5 Web MG E - TV %23, Face DR TRAIKEED
SELTVW5S, Web Plate 7 Plastic Hinge 25T X 28I L7225 T, EMBETE 38 mm fEET
faE | 72-ftat ik 11 ¢k, Web Plate Offili %3 Face Plate %t b —3 LT, SimEL
Plastic Moment 7% 4 z 4l 2 (3F—F LT %, Fig. 4.2.15, Table 4-2-3 (= 134,

4-2-5 % = &

ik 2k LT % Girder 2 Web X, HifioH|
SIS 5+ <, £ T Plastic Hinge 2°C % % _
SRR LTV, ZOX S REEHEETR, & ' =
#qKilX, =& LC Face Bar OEETCHESH, 2D
EBRIZ X Y, Face Bar O&~fiktb:, EREARK, &
R T ER R B 5 2 LS, Bk, ERO
Eaaticid, ZoX5hFEE/IHE VRIS TE o
7oy, T OMEAEGE LS O BRI TIEFE
WTdhbh,

Load (t)

() 4Na of Specimen

~&0o oo -2oo e oo qoo aoe

Deflection 145" T

Fig. 4-2-15 Load-Deflection Curve



A0 R AR & KM o BB o s

GHY ik — %)

5.1 ¥ x v =

AR 1212 < B I T 0 DEE BRI E 2 AR L, BRI 5 201018, WiRato
GAJDEN, D EEERNMOME 0L B 5, Z D7 b IR s D A OWS X, W
HiC B0 2 H MO 0T 50 ELD 5,

AKBECUE, Ty BRI 2 E L C s L 7<BiBebh K IEIC X 0 IJE L IGRTA L a7z, Z o
BEBERE, BROME 3 25, DhMHRHEE ORIT, STHOIERERR A 2 7,

2 E B @ OE

5:2-1 & B
Fig. 5:1, 5:2 (2733 Z 1 <, DEE 470 <940 mm, M 3.2 mm O % 7213505 MO -,
Wk, AR, LB, M2 K 2 2R A T 7220000 & ) — KR 2 L 7=,
20O PRtz T 4@ ) — Xz h g,
(1) BL#ER AR
Type 1: Wil o84 00T, Mimnc
IR\ N & L2t o
Type 2: GERIZBIL, #fld, a4
> 5&57%T, LEKHE LD
7))
D2FEHIyirehd,
(@) Fhsertans:
Type 1 iZz2\T, R 20mm |3I—5Eiz LT,
a7 10, 15, 20, 30 mm : %z 724, o (Fig.
5.3)

SLFE _JRCL.
(3) PhEbp.CpB b .
1 = O ¢ oL GAuE
TYPe 1 4T =24 \(; 'L‘EE% 240‘ 160. 120 mm el —— -_.:5 3!-" | : STRAIN GAVGE (1 El-f»:w‘r]
\ s3] ) .
L7724 o, (Fig. 5-4) e e—— S 0 (2 ELEMEN

K, [h Jl:.. ADAAE
(@) M, Fh#EtoHHE Fig.5-1 Model(Type 1) and Location of Measur-
T (SS41) -sE 1M (NKK 2H) o 2 ment of Deflection and Strain (Example)

= =



AT _SEcTieN __ 1)

i 3

O : DIAL GAVGE

I = STRAIN GALIGE ¢ ) ELEMENT )

*+1 [0 ¢ 2 ELEMENT)

. t!‘!’
Fig. 5:2 Model (Type 2) and Location of Measurement of
Deflection and Strain (Example)

TYPE | TYPE 2
%
2

; 1 o E'- :}_%I
! Y l
e—
Fig. 5:3 Stiffener Section
0™ o™ 2™

Fig. 5-4 Stiffener Arrangement

Table 5-1 Conbination of Material

Model - -

Member— | MM | MH | HM | HH
Stiffener MS HT6&0 MS HT60
Plate MS MS HT60 HT60

tr et 11'11'11
PRESSURE PRESSU'RE
Fig. 55

RO S ARTHERHLAZLD, (Table 5-1)
(5) PhEEAALfT
AKIED I BN M 2 Bl f b o L2z oRxto D, (Fig. 5+5)
S 38 he s



Type 1 OBiBEMIE, SIBOEIEIEZ 0 R0 05, $M & —k LD X5 M S LW
—DIRIF LA % ﬁH&W—Mﬂ#%WUHLm

Type 2 OFs#EfAIE, 1EE 40 mm O#HH BN Iz X DO IR L, Wiid Fig. 52 1233 X
RO AL L.

Bt BRI > —55 A Table 5-2 12737,

Table 5-2 Summary of Models

I:’late Stiffener’s _ Stiffener Natasial
Model Thickness Space  Height x Breadth Testing Date
mm mm mim X mm Plate Stiffener
MM 1 C 3.2 240 20%20 | MS MS 1961. 2. 3
MM:2 A i 3.2 160 10 % 20 MS | MS 1.26
MM 2 B 3.2 160 15 20 MS | MS 2.4
MM2C 3.2 160 20 % 20 MS MS 1.31
MM2D | 3.2 160 30 % 20 M S MS 2.11
MM 3 C 3.2 120 20%20 | MS MS 2. 7
MM2CR 3.2 160 20 % 20 M S MS 11. 8
MM 1 CR ; 3.2 240 20 % 20 MS MS 1. 3
MH1C |gr 3.2 240 20 % 20 MS | HT60 1962. 3. 6
HM1C | 3.2 240 20%20 | HT60 | MS 3. 8
HH1C g 240 20x20 | HTEO HT60 3.12
HM 2 A 3.2 60 | 10x20 HT60 | MS | 3,30
HM2 B 3.2 160 1520 | HT60 MS 3.16
HM2 C 3.2 160 2 % 20 ! HT6O MS 3.27
MH2C 3.2 160 20%20 | MS HT60 3.24
HH2C il 160 20 % 20 HT6O MS 3.20
TA 3.2 160 MS MS 1962.12. 6
LA E 312 160 Ref. Fig.5.2 | MS MS 12.11
TP & 3.2 160 MS MS 12.18
I. P 3.2 160 MS MS , 12.25

=,

M

Fig. 5-6  Testing Apparatus

— \H —.1_
/ J_‘ \_

MHRWE, TRREOH RS LU Zhoflic X HE5 L 7o ERH % Table 53 12777,
5.2.2 = B
AIECHER % Fig. 5.6 1274 X 5 70 288 GiialineE 1 : 100kg/em?) (20 FCMEBE & 7%
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Table 54

MAX. MAX MAX. MAX.
MODEL | PRESSURE| DEFLECTION  CRACK PATTERN MODEL  |PRESSURE | DEFLECTION)  CRACK PATTERN
Piax (Kg/cmP) Wiax ( mm ) Prmax ( Kg/eAll Wimax.  mon)
MMIC | 16 2.4 ! HHIC 40 | 334
MM 2 A J0 480 | REAKAGE THROUGH PACKING | /12 A 40 128
MMZB 25 40.] Hren 4o 724
MM2C 24 45 JJ HM2C | 48 327
MMZ2D 25 278 Mu 2¢ 77 8¢
MM3C 27 222 i HHZE bks
MM 2CR 50 514 NO TAILURE 7A 47
| o T =
MMICR | 40 | S50 ‘ LA 44
[ i —
! [ I
MHIC 27 Jéo | 7P 73 S5
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|
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Table 5-5 Calculated Collupse Load and Deflection of Stiffener (P, ws) and Plate (Pp, dp)
and Comparison Between Measured Max, Pressure and Caleulated Collapse Load

P Wy Pp 5;; Prx |
Mn(lel { kg/trn‘ ) (mm) ( kg,‘t:m’) (ll"ll‘l‘l) (kg/cm’} ‘ Pmm.{'Ps ‘ Pmm:pr
MM1C 4.3 | 2.38 6.38 4.26 18 4.1 2.8
MM 2 A 2.23 4.91 9.24 2.14 (30) (13.5) (3.3)
MM:2 B 4.08 2.82 9.55 2.14 25 6.1 2.6
MM2C 65.06 2.34 6.92 1.75 26 4.3 3.8
MM:2ZD 11.21 1.57 8.33 1.58 25 2.2 3.0
MM3 C 7.97 2.60 18.20 1.18 27 3.4 j
MM2 CR 5.60 2.46 13.13 2.50 50 8.9 3.8
MM1CR 4.00 2.34 8.55 4.77 40 10.0 4.7
MH1C 755 4.14 5.53 3.94 29 3-8 5.2
HM1C 5.25 2.78 23.82 6.62 31 5.9 1.3
HH1C 7.57 3.92 17.14 5.80 40 5.3 2.3
HMZ2 A 3.12 6.47 28.23 3.28 40 12.8 1.4
HM2 B 4.7 3.74 28.23 3.28 40 8.5 1.4
IHIM2C 6.83 2.46 29.61 3.30 45 | 6.6 1.5
MH 2 C 9.09 372 8.85 2.02 39 4.3 4.4
HH2C 13. 30 5.07 25.22 3.19 44 3.3 1.7
TA 6.11 | 0.97 ‘ 47 7.7 5.9
LA 6.14 0.97 7.95 540 44 7.2 5.5
P 6.20 0.98 33 5:3 4.1
LP 6.17 0.97 ‘ 29 4.7 3.6
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Table 6-1 Dimension of Models (MS) (mm)
No. of |Thickness| Depth of | Length of | Width of Lapped  Length of : .
Tested | of Bkt | Bracket | Bracket | Flange Length Load Beam Notes R
Madel t ‘ h ‘ a [ b d L | (ton)
M- 1 8 | 275 L300 0 150 C 300 10.70
M- 2 A " 25 ” " 14.50
M- 3 ” ” ” 50 " | ” 15.30
M- 4 ” ” ” ” ” | " Stiffened 21.60
M- 5 ” » » 80 S 17.35
M- 6 10 275 300 0 150 300 14.45
M- 17 " " ” 30 " o 14.75
M-8 ] ” » (311] " " 17.20
M- 9 ” ” ” ” ” n” Stiffened 24.40
M-10 " | ” ” 100 " " 21.90
M-11 | 8 50 300 50 | 150 300 15.60
M-12 | i | 150 ” : ” ” | ” 16.00
M-13 i " | 375 " " " " . 16.50
M-14 ‘ 8 ‘ 375 400 50 150 300 | 16.75
M-15 [ ” " ” ” ” " Stiffened | 21.25
M-16 " " " 20 " " | 19.50
M-17 " ‘ " " 130 " " 22.50
M-18 " L2200 200 50 4 " 15.30
M-19 8 275 300 50 150 75 31.65
M-20 | " ” ” ” ” 515 10.65
M-21 ” " " " " " Stiffened 14.75
M-22 o] 275 L300 50 75 300 16.00
M-23 ” #” ” ” 275 " 16.70
M-24 | 8 | 255 | 300 50 215 | 300 16.40



Table 6-2 Dimension of Models (HT) (mm)

. Depth of Width of Length of
No. I(\«]'[f }?Ste‘i Bracket Flange Load Beam P
o h b L (ton)
H-1 275 0 300 16.45
H= 2 # 20 " 16.65
H- 3 ” 40 ” 20.45
H- 4 ” 60 " 25.95
H-5 ” 30 ” 25.90
H- 6 210 0 | 300 15.35
H- 7 » 20 ” 15.30
H- 8 ” 40 ” 19.45
H-9 ” 60 " 25.50
H-10 ” 80 " 28.00
| 5 Eep 4 150 0 300 16.00
H-12 ” 20) ' ” 16.45
H-13 ” 40 " 19.95
H-14 ” ! 60 | " 23.95
H-15 " ' 80 ” | 23.85
H-16 ' 275 20 75 ' 45.30
H-17 # ” 515 11.15
Thickness of Bracket =9 mm
Length of Bracket a=300 mm
Lapped Length d=150 mm
Table 6-3  Mechanical Properties of Materials
Young's Upper Lower - R — Elongation
Modulus Yield Stress  Yield Stress Fensile Stress (§or-50 mm)
E ayy - oyvn an s liaa
(kg/em?®) (kg/mm?) (kg/mm?) (kg/mm? ) (%)
MS | 21,300 2.7 | 2.0 3.4 | 213
HT60 | 21,600 | 588 84 | 662 | 148
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Fig. 6:3  Arrangement of Gauges
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Table 7-1-1 Chemical Composition (%)

Materil | C | Si Mn P s | N | e | v Cu
MS 0.18 | 0.08 | 0.5  0.000 0021 — — | - —
HT60 | 0.1l | 047 1.2 0.013 0007 0 0.18 0.1 | 0.12

Table 7-1-2  Mechanical Properties (JIS 51 %)

Material l 75 T ay ‘ 0 ‘ ©
MS | 202 | 4.0 | 8.6 | 283 ‘ 56.7
HT60 | 55.8 63.6 BL5 | 1.3 | 867

ds, dp, op @ in kgmm?
d: Elongation (%) G.L.=200mm
¢ Reduction of Area (%)
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Table 7-1-4  a-Ng"Relation
Material 1 o I Ng ONS
(] 1 400 42.4
MSs 15 2:7 40 44.0
5 3.98 20 44.0
o 1 >3 %108 =62
HT 60 15 2:7 500 ' 64.0
5 3.08 180 : 64.0

Ng: Number of Cycles of the Beginning of Rapid Reduction in Strength
=Minimum Life
ons: Nominal Stress at Ng
a ¢ Stress Concentration Factor by Nember
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AR ER(E S X OB LIS iy, AR O AL E BREMOLE >, TEIRAMON A
WAOBMPHEALNT V5, CORE, TOFFICHZKMEEB LT, L0k CiEd 50
RIZEHVP VOV BIRTH 5, ZOFFRNL, s, ERANSCXY, YSAZLT 510
EH AL, TF, MEEBHCECEGEEE 205100 % «fiESh Tk, —F,
FRERITMC 3\ Tl 2 ORIGIE S AES, SRR R L M REE I L3 2 I LIS 20 B
i, R LT, Lt T, ARPRHEE I RN i3 512 5 T, TSI s
b B ZIAVEICN %, BMOZTR LM U CHRET 2 2 LA ETH S,

AWV, ZOHMOzDIZ Deep Bracket (22 X EBRIINA X (T ~7-bDTH 5,

7:2.2 Bf % o @ E

(1) H i)

Deep web, Deep girder %50 Bracket {72 8%z = 0, FOFFEEEE $5 X OIG HE Y a6EE -
B4 2582, KNEE XD 60 £ w @R MREANIZ OV Ty, A4 oEEI R AR OYE 2
ok NMOBKIMI 3 LI kD C, FEIC NPEDO 1= OIR R LT 5,

(2) FEERO K

1) Deep bracket |Z[¥4 % F8



W O MR SRk 12> €, Scallop, Tripping bracket “Foifii, Corner ok % 2k =
Wik X ORI X D, RRIEME §RD1RE X OVERTEAGR LS BRABR A 1T - 72,
2) Rounded gunwale |Z[}+4 % 5
Rounded gunwale [ fif#iliitiic o1 T, Corner [ iAR% 2k & & 724k 35 X OFE5E ) e
B2 XD, W5 RS X OVE i il L5 IRalBR 2 1175 - 72,
7-.2.3 Deep bracket m»3EES
(1 % Bk N #H
Fig. 7-2-1 CRESHLSH X 5 75 B8 2 KM 5 X 0F 60 + w @8R JNMFCI(E L, Flange iz,
W FE i i 7
b, {5 |9k (i 1
c. #HuRLgPE{HE
D 3 [, ST 35 v TS

® @  ping g
i, BEZ, JkCohEE, WEIEMEARL o 2T i e
S S 1S ] Tiara00 l hid
5%0ThH5, i/ /] ¢ Ty o
I | 2] £ -Pﬁ -0
iR ds X OSSR A3 200 ton 77 A A - : »,%K' .
. [ S
L vps 1 g = b A )3 ; = L
7 —BRIIC X D, #R L9 RIS BRI ™ -+ '
FHABREEIZ X 0 fi7n 72, #ak LiEBEL 60
epm 27z

Crack
L4 Fz oy

T, BLEIVU Oatl:  Strain

gauge, Dial-gauge, 7 1 XU

ARERESIZ X b 1778 - 72,
Gl SRR

% Table 7-2:1~7+2.2 (=, {§ilf] L 7=84k 44

Bt % Table 7-2-3 (=753

No. # X Uik

1".
Dobling Thickes 5 bam
R

Beep Biaacket Specimen

Fig. 7-2-1

Table 7-2-1  Statical Compression Specimens (H-Type)

Specimen No. “:::) Fa[c;nﬁar | (\g;b) Remarks
MS-11 50 8x75 300 x 6
MS-11 50 " | " with T.Bkt
MS-12 100 # #
MS-12' 100 ” # with T. Bkt
MS-13 ” P

| 200

> H-Tvpe

4

H

MS-11~13
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Table 7-2-2  Statical Tension Specimens (R-Type)

R Face Bar . Web

Specimen No. Cai) (i) (i) Remarks
MS-14 0 8x75 : 300 X6
MS-15 ' 0 " o with T, Bkt
MS-16 I 50 ” ” ”
MS-17 a0 i " "
MS-18 100 u " with Notch*
MS-19 100 " " with T. Bk
MS-20 | 200 " " with Notch
MS5-21 | 300 " " with T, Bkt
HT-5 0 875 3006 with T. Bkt
H T' ﬁ 5{] " " o
HT-7 100 " " #
X
Nofch
b i
Hs-18
MS-18
Table 7-2-3 Mechanical Properties for Materials
Mataisa) Yield Stress  Tensile Strength l Elongation Brinell hardness
o oy (kgnm?®) og (kgmm?) £ (%) Hp
MS Face Bar (8 mm) 25.3 ' 46.5 ' 34.2
Web Plate (6 mm) 26.7 4.1 ' 33.6
HT 60 Face Bar (8 mm) 54.5 65.4 12.6 190
) Web Plate (6 mm) | 54.9 63.4 16.5 210
(Wet=Ten §0) (15 mm) | 58. 66.4 15.0 207

]

ks, HREFESICF ., v . 2237200k Trippmg bracket 7\ EROMKBRTLIC Trippmg
bracket % JifHiF CHEMBRET %5 72 b OTH D,

(2) 92 B &S B

WRIE S5 X 05 [5RABRES Ht2 Table 7-2-4 35 X U Table 7-2-5 iZJEN51ld, BIENEOfLE
975 b 05 KO T— MR Fig. 7-2:2 151 U, $4 L 3 RIS 1% Table 7-2:6 12757,

¥ 72, B OB X OB % OIRIEL Photo, 7+2+1~7-2+6 (7

@ % %

1) KHESEs X 05 3R

WMz k5777 » P RBE R D IBIRC X L2 RE VTR 4, ERAERTRTIE R-Type
L H-Type #}t#+ %5 L H-Type ol Natv. Zihvid H-Type ©® Haunch Corner Hfodh=7t
R-Type 12l LT/hE W TH D, %72, T.7 77 o P OFEIC X » THRAIRE, LAk0EHS
X Of Face bar Offiflhikd K E L Etizhd, Thbdh, T. 777, tOKVWI 0L, B
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Specimen R, H
No. (mm)
MS-1 0
MS- 1’ 0
MS-2 25
MS- 2 25
MS-3 50
MS- 3 50
MS- 4 100
MS- 4/ 100
Mé- 5 100
MS- 6 100
MS-7 : 100
MS- 8 100
MS-9 100
MS- 9o 100
MS-10 300
MS-10 300
MS-11 50
MS-11' 50
MS-12 100 -
MS-12 100
MS-13 200
HT-1 0
HT= 1 0
BT= 2 50
HT- 2’_ 50
HT= 3 100 |
fiT— 7 100
I-IT—- 4 300
_ HT- 4’_ _ 301)_

Table 7-2.4

Location of Buckling
Maximum Stress | Load(ton) |
Corner of Face Bar G
o 14
Middle Portion of
Circular Corner of 5.5
Face Bar
" 15.56
" 5.5
" 16
” 5
" 15
" | [
" [{‘5
" 13
" 7
" 1.5
# h
" =
" 14.8
Corner ol Haunch 5
w 17.4
" 6
" LY.2
” T8
Corner ot Face Bar 7.65
#” 25.9
Middle Portion of
Circular Corner of 7.6
Face Bar
" 26.8
v 9.8
o 26.9
M Iz 7 _j
" 2075

Results of Statical Compression Tests

Location of Buckling

Corner Portion
of Face Bar
Linear Portion

of Fil{‘.(‘ B-'II’

Circular Portion

of Face Bar
Linear Portion

ot Face
Circular Portion

ot Face
Linear Portion

ot Face
Circular Portion

of Face
Linear Portion

of Face
Circular Portion

of Face Bar |

Bar
Bar
Bar
Bar

Bar

"

"

"

o
Linear Portion

of Face Bar
Circular Portion

of Face Bar |

P
Center of Haunch
Outside of Haunch
Center of Haunch
Outside of Haunch

Center of Haunch

Corner Portion

ol Face Bar
Linear Portion

of Face Bar
Circular Portion

of Face Bar
Linear Portion

ot Face Bar
Circular Portion

of Face Bar
Linear Portion

ol Face Bar
Circular Portion

of Fuace Bar

”
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| R=100,

R=100,

Remarks

R=0, without T.Bkt

R—=0, with T.Bk.
R—25, without T.B kt.

R=25, with T.Bkt

R=50, without T.Bkt

R=50, with T.Bk.
R=100, without T.B k.
R=100, \\;ilh_T.B'i
R=100, [—

Face Bar 8 <100

with Stiffner

R=100, with Stiffner

R=100, Web 200 =6

R=100, with T.Bkt

R=300, without T Bkt

R=300, with T.Bku
D=50, without T.B k.

D=50, with T.Bku

D=100, without T.Bkt.

D=100, with T.Bkt.
D=200, without T.Bkt

R=0, without T Bkt

R=0, with T.BkL

| R=50, without T.Bkt

R=50, with T Bkt

R—100, without T Bkt
R=100, with T ,Bku

R=2300, without T Bkt

R=300, with T.Bku



Table 7-2:5

Load at Crack I

Results of Statical Tension Tests

with T.BkL

Specimen No. R [aation: (ton) Location of Crack Initiation Remarks
MS-14 | 14.2 | Corner of Face Bar R=0
: : without T.B kL
- 0 - _— . ! p
MS-15 8.0 | % e
= | | Middle Portion of Circular R=25
Ms-16 50 19.9 i Corner of Face Bar with T.Bkt
MS-17 ' 990 Fillet-Weld Connecting Face R=50
. e Bar to Web Plate with T Bk
3 T R—=100
MS-18 y 1.8 Notch Part | with T.Bk- and Notch
MS-19 10 91.5 Fillet-Weld Connecting Face R=100
are Bar to Web Plate with T, Bkt
, o R=300
MS-20 _ 300 ) {B'U Notch Part | with T.Bk. and Notch
MS-21 — No Crack i ‘I:iTth_J{‘J.B&
. Corner of Fillet-Weld Connecting  R=0
HT-5 0 29.2 Face Bar to Web Plate with T.B k.
S _ i i Circular of Fillet-Weld Connecting ~ R=50
HT-& | 50 3951 Face Bar to Web Plate with T.B k.
HT- 7 100 40.8 % e

FhEL T iIcBRA4 U5, Web ORIEA/NE W

=¥, &7z b Face bar 722(3 O Euler FEH
Dr oA T, LihHoT, ZoEERIE Face
bar OgZIEIFCL (% No. MS-6), Face bar %
W OMIFTH (88 No. MS-5) MMHRII7A -
7Cs

T.734% 5, tOfRb D iz Stiffener #5%itT 5 &, B
JRfifiiE |- %78, Stiffener H3EEfH L T Face bar 4:{k
%+ Euler B+ % X 51274, L7225 T, Stiffener
F3ciEAxEsxse T. 7570 b 2B T5LH
biL b,

K s RS R TIRUIK & 0 H HHERITIER 129
EETT 5, T2 &b,
BEEILT~ETH 5,

PV R SR 1 KRR = o HeWiRat & T
9, Fig. 7+2+3 (Z@sk N1iM 3 X OMKiMEE R Corner
radius R(or R/D) X frisfaiifi = oth% Fig. 7-2-4
i2% R(or R/D) =35\ % sk st = ak il &
L1512 d oty e I

IS ORI XiuE, Gk LKA -
vtz Uk 5 almicd b, EfEET R (or

Corner i[> Scallop

T. 857 Side
ey
H I/-__\\
| /T
2 : T \
é'é] S u‘./ E
i (] s A
37 el /
&
L S

Stress Kq/mm®

Fig. 7-2-2 Stress Distribution (Specimen
No. HT-7) Tensile Load 3.5 ton
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Photo, 7-2-1 Dynamic Tension Test Photo. 7+2+2  Specimen No. HT-3 After

Set-up Statical Comp. Test

Photo, 7+2:3 Specimen No. HT-6 After Photo. 7:2+4 Specimen No. HT-9 After

Statical Tension Test Dynamic tension Test



Photo, 7-2-5

Specimen No. HT-13 After
Dynamic Tension Test

Photo. 7+2+6 Specimen No. HT

Dynamic Tension Test

a
.
.
]
v . e
i
e N W
2 -
T 2
- X 7
g .
[
i e
r
compression’
. |
e
. - | :
« #pres:
. < F¢ Loyt .
— - - ==
S .
_"P 4 '_j ll}..f 7-2:4 R (or RID)-Pr |]hsl'|i||[]
1o

Statical Strength for HT Specimens
Fig. 7-2-3 R (or R/D)-Ultimate Load Curve Statical Strength for MS Specimens

D: Web Depth D: Webh Depth

RID) iz AEBREL—ETC T.734 5 FHiEO {, M) &1 25~3 |
sleg 58l R(or R/ID) RELLESIFELEIZIFTESMNC LT 2 “IDE G RET O ]
: R oz & % Corner SN o2 b, +/0d Corner i)
gLz i L DG TEREE T E LA
7, KRS G 2 5 IR O MR i TR b 7 5 O

=]
|

urve

Crack Fg4(dELIEIz/RSE

16 After



S 18 THH, BMOPERNIE1.44 X h AKEL, BRICHH 215 X W& h, (TEZHD
oL ol Rtz I8

s, T.75% o MO KELLDCIE T. 774 » Fll® Face bar f{ffliulEIR T4 0wl fEH:
2L, MUHBRO X S ICERRKOL LWL O TR EN T ORMBRETHL, T. 7575 +& R
WD 5 ON i 3 1, N Tk CHIERT 6 &g, LiERRARRO R 13 100~300
mm OBl sEFHTX 5,

2) ik LB IRaE

ORIV 2 B G TR (Po)— K U8 (N) 8% Fig. 7-2+5 12, 44k LIl

(= sV %R B = WM - ORI LRIEILE Fig. 7-246 15,

L]
.
T g
: i
5 |
= :
L :
| _B Y Bromerion 222 tutar
. o
- | o
Ei‘ 1] —
" Eeg = B
I M“‘"‘Ej"ﬁr al)

a’ g

L) v
“ ;
Na of Cyoles N

= M:‘Gur. N
Fig. 7-2-5 Load Amplitude (P;) No. of Fig. 7-26 Pmp{)rﬁonl:_atlgue_ Strength for HT Specimens

Cycles (N) Diagram Fatigue Strength tor MS S;-)ecimens
—N Curve

ZhbDROERIZE W LTIE, Table 726 (225605 X 5 IZAABREKICE W TORSMEC—E
TR L, PO L iR MR L CIIRE (ELD D, TOTEITREMTEZAVOT, —iit
VSTV SAIRERROE 2 55, coXssilEmcileshsdol LT, EEMIIG
31 on RN B 60> & LCHHIS B ORI L, & HE LR AR 2 4 3
FrIRBIE L LT RN Pa 25K, Pa-N lifids X OAHGE LI 3510 5 3R N3N & ik
X OOWGHIEAU3IE LR 2 (10 L7

ChoR X O EE, FERNME XORMIERY L 12 R AR {2 RERL, SR
s X OWGRBTR ORFIETURIEICI X R LHOSINT 5 & & BITHL, R2SKE CAREZ oMY
KELAHEEIZH D, $ELES 100 IFCIE R=0mm OB, BHOFGERALL Y L/
<, R=50 530 100mm OHEIZIE, FEHOPERIELFRICHIEODICS b, #hE L
KE LY R=100mm DOEIZRRERISHIEX D REL %5,

@ #& &

KEOERE LT, DEDZ b BELIFRDI EHBVE S,

1) RS L OB R

(a) R-Type - H-Type % It#+ % &, H-Type OB NCH -,

b T.77% . OV DT Face Bar OREILT TS, H %\ id Face bar 247 HthiF T b

— 74 —



BEEIREIZIZ LA Y EDbDL IRV,

(¢ T.75#%# ., D iz Stiffener #3%iF 5 &, JEREEIX 525 Stiffener #5 FERE LT
Face bar 4:{&#% Euler B+ % X 5ic7c b, Stiffener 7213 cldf4nc, T. 754 ., + &
PELTLEEDNS,

(@) EHAEIEE, AKEMENE L Lo AMESEEE T. 75 L FEBRO 2 4 0 TiE Corner [k
R, T. 7347, FHiRO b DIx Corner JfTiHO AR O MEHERIZX D, K5I
skiit#lx Corner {f§ Face bar HEPBAAERICHET S Crack IZX Wil L, @skIM, ik
WA LI UM H S,

(e) HHWEHEEEX T. 757 » FEBRO L DIX, ZV &0z e, BN, S = 4
2.5~3 {5OMEALHT %,

(f) FHEHBREX R X 5FIREHOZ(LICd £ ) EL2Z T vy, KD IRIRER Z o
WHrAKTHD,

(€) 53R 1 K ENIEAY - OEREHIZEY 1.8 T, EMOPEENL LIBRISHL o oE
e

2)  #HaR LGkt

(a) WRMIEFERS IR M, SKENER - 410 R Tk SRR OZIbIcRE L kA Eh, RS
RELIEDITEXDOBWELRELLE D,

(b) IR SRR & ORFREALIERE I ENR L RIBOS T L L icimL, R KELLLHI1TEC
DB REL LMD S,

7-2:4 Rounded Gunwale ZfMZEER

(1 EEMNAE

Fig. 7-2:7 35 X0 Table 7-2+7 12T X 5 M ERINERAA(ES BRI LS XU 60 £
R 1%L o> Rounded Gunwale SflHHEAS 2 AV T, NIIEIFFIZ519R D IS N2 4 U4 L b S i
2k, Kot KOG ISR Lo R 21T - 72,

72, Fig. 7-2:13 1233 ABRA 2 X 0, @SR NFEM OIS KGR L RS BRIE S {8 % b
775 5726
1) Pkl 8 A

ARV S RBIORAR, k% Fig. 7-2.7 ond, BBOBIRE, EMGEV-$ o078

U, Tripping Bracket ®f(E 35 X 1° Scallop OFE VX, 7.3 Wi EERFEGLZ MV CihE L1, £
72, LAEMLVE, BB Practice (Zfif - THET. L7z, SO W 45 X Ok k5% Table
7427 iTmi .
2) B S L OBk

AERBRIE, 200 ton MR CITEER L v — 2 (%) 2L, #K LR Lk
Bk LEEE 10~15¢pm ¢, fE—EHRIZE O FIRG 9K Dk Lg% f 175 - 72,

7, B, B4 RO, chZFh BRI EN £y 0 -y —Y, A== F o,
7, BEUZBIETI S X ORIRBIZIZ X - 72
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| SRS, R S S = e i
>
Y

Iy
Hi = P /.//
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Lzs

At Seclion
B.C: deetion To be emilar
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Fig. 7-2-7 Rounded Gunwale Specimen

Table 7-2.7 Mechanical Properties & Chemical Composition for Base Metal

Kind Nointnal Mechanical Properties ‘ Chemical Composition (%)
of : i ay a e* l
Sied }T}E‘:::;““ o kgﬁ:m’ = Bend | C  Si Ma| P | S
(\Ig,lelr Tf;]n‘ 6 62 69 25 good | 0.13 | 0.46 | 1.28 | u.ow' 0.007
” 8 59 67 26 » 10.13 ] 0.50 | 1.22 | 0.014] 0.007
” 15 57 65 35 » 1 0.13]0.50 | 1.22 | 0.014 0.007
e 6 | 309 468 | 85 017 | 0.06 | 0.64 | 0.012 0.023
” 8 3.4 44.0 | 23.0 » 1 0.15 | Tr. | 0.40 | 0.012 0.032
” 15 27.0 | 44.0 | 25.0 | 0. 19‘ Tr. | 0.57 u.nw; 0.021

* G.L.=200 mm

(2) JEERRS AR KOS
1) whivs Ik sl Bk

A 25 X OF 60 A w53k T AR oD REINTIRG £ C ORISR Wi % Table 7-2-8 1233, %72,
PR OIS A, BRSO MR %2 Fig. 7-2-8 35 X0 Fig. 729 (=54

SR OFHIIZ X % £, KIS 4 Flange Corner [z EU Tis b, hi#emllifiifiix,
NEEORE VLD E L, ORMNBRORE I Table 7-2-8 (2433 X 512, T Inner
Corner 144> Tripping Bracket & Face Bar OIBANGEE (7 v £ — 4 o FiEZIEE — ik
BRAE) (SRS D, BTN E TR D ORAOMEIRIZ S 720t BeRENiE, flkey Corner 47
Tripping Bracket [lijo> Web Plate & Face Bar OFBRAGHAEAN L b2 U7z hipbminodkiss
Photo. 7+2+7 12737,



Table 7:-2:8 Results of Statical Tension Tests

Specimen  Location of Load at Partial Load at Loeation of Ultimate

Plastic Range Initial Initial Remarks
No. Max. Stress Appeared Crack Crack Load
. . | Fillet-Weld
(H.T.) |Inner Corner , : [ & : . Ri=100
} 12.5(ton) 39(ton) Connecting F.B. 47(ton) -
H1l Part ‘ |t0 Center T.B(kt) Ry =200
Hzl " 18 ‘ 42 ‘ " 54 g;jf‘uﬂ
" — ¥ y Ry =200
H31 " 17.5 | | ‘ 52 Ri—500
. Ry=200
H4l ” I ‘ b0 ‘ » ‘ 8L.5 Ry —300
” R1=300
H51 ‘ 22 s " | s B0
(M. S.) i ' - ' , L Ri=100
Mi1 ‘ 6.3 X ! 29-3 Ry=200
: p " , ; L Ri=200
M2l 8.5 33 ‘ %.5 | RZ200
, , i - Ri=300
M3l 11 38 ‘ |95 ‘ om0
———— E
I
T
.-_i" |— [
Vil i~ L
» e - __l
Camp. Sfress [

F.,::.'fmrr- Hﬂ-' "J" +— Tension Stress

——— Comp.  Sftress

Fig. 7-2-8 Measured Stresses Distribution 0 5 10Ke/me

Load 5 ton
Apecimen Mo M3

Fig. 7-2.9 Principal Stresses
CH5 OMRIE, BKilEs X OEERIMER L LEIUTH - 7o,
2) #ik Lylokalirss
TRkl s X OKIMEIE 0O 4l L GABRES B4 Table 7.2.9 1= i
BROBGIINAENIZIT v, NHORTIRETH 525, BATEEIM, MR s 4, 32



Speci-
men
No.
H12

13

Photo. 7<2+7 Specimen No. M 21 After Statical Tensile Test

Table 7-7-9(a) Results of Dynamic Tension Tests (for H.'T. Specimen)

Mean Load Cycles Location o1 L 1
Load | ;’\Inlﬂ— at First at First ( th'J\ at ],'! 'L'”"_'“ 'It_ ,I\I“' ol . .
% . B Ko Vital Crack | Vital Crack | Cycles of | Fracture Rem:
P itude Crack Crack Initiats Initiatic Frac i
(ton) | Pa(ton) Initiation | Initiation A SN Tacture
> = Ry
) y 34T / A £ 79 (o 19 -
20 14 345 A 130 A 1022 Yes (2 R,
20 12 250 B 1250 C 2603 r (1 ”
19.5 9.5 2060 A 2060 A 4510 v (2 "
27 17 102 C 270 C 1679 » @ | B
¢!
27 13 95 A 900 A 3813 # (D "
27 10 5300 A 5300 A 10158 v (2 4
27 19 150 C 150 2 1335 r (1 f{:
27 13 850 A 1650 A 4186 ¥ (2 #
12.5 7.5 | No Crack 10000 No "
= < . _ ; Ky
y { 2 L 244 A7E e
27 19 242 C 242 ( 1435 Yesd p!
27 17 300 A 800 A 2146 ro(2 "
27 13 700 C 1600 A 5279 » (2 ”
27.25  22.95 950) A 950) A 1382 v (2 R,
RN
27 19 1700 D 1700 D 3163 7 (2 "
20 17 No Crack 10200 No "

Frature Condition is Similar to Photo, 7-2-8
Frature Condition is Similar to Photo. 7-2.9
Fillet-Weld Connecting Face Bar to Center Tripping Bracket

Fillet-Weld Connecting Face Bar to R-end Tripping Bracket

Fillet- Weld Connecting Face Bar to Web Plate (Tripping Bracketless Side)
Fillet-Weld Connecting Face Bar to Web Plate (Tripping Bracket Side

irl(tv

104
200

200
100

200
200

200
300

300
200



Table 7-2-9(b) Results of Dynamic Tension Tests (for M.S. Specimen)

+ | Mean Load Cycles = Location e 5
Speci Load | Ampl- at First  at First VLitirlgfbrr::k | {,—‘?tg?h(’n?d;: No. of

men . 3 ; Cycles of | Fracture Remarks
Pn | itude Crack Crack b R
No. (ton) | Pq(ton) | Initiation | Initiation Initiation [nitiation  Fracture |
Miz 15 8 230 A 300 6 2535 Yes® =200
13 15 8] 300 A 1640 & 17040 LANE)) #
14 15 4 25600 A 27500 No "
—9
M22 20 13 1 A 60 E 21l Yes@ | mo200
23 20 10 L A 600 C 6876 ¢ "
24 20 7 10 A 4400 C 39393 » @ ”
M3z 2 1 10 A E 206 | 0@ M=30
33 27 9 50 A 1300 E 16990 " "
3 27 11 1 D 100 E 317 R ”
1, Fracture Condition is Similar to Photo. 7-2-8
3 Fracture Condition is Similar to Photo. 7-2- l()
4 Fracture Condition is Similar to Photo. 7-2-
A Fillet-Weld Connecting Face Bar to Center Inpping Bracket
C  Fillet-Weld Connecting Face Bar to Web Plate (Tripping Bracketless Side)
D Fillet- Weld Connecting Face Bar to Web Plate (Tripping Bracket Side)
E  Fillet- Weld Connecting Face Bar to Web Plate (Perpendicular to Fillet-Veed)

4

/o5 5% Inner Corner [iic» Tripping Bracket - Face Bar OfAjAE, %7213 Web Plate *
Face Bar DI&HBIED 7 v & — - #1 5 bICEL, FROSEREELTHHCE->TW5, HEL
O REMIE O IBIEE, BNk © 4 o 2B Shiz, Tabb, SRAVMBERICENT

728 =it L 975, Web Plate - Face Bar @BAi5HE5% (Tripping Bracket @7z fl]) (254
L7-f%lss, Face Bar stk L F LRI X b, BIEE — Vit 2T Face Bar O IZAk
Bl L, Face Bar 7 & & bz #if BLBNEHT L7-3 D &, Photo. 7-2:9 2R3 X 57, Inner
Corner 114> Tripping Bracket - Face Bar OFBAAIEIZTEA LB, Face Bar O
Mo JEENE LC, Face Bar ZRiEAREM L7z 4D EAiAashi, —F, MEER W TIE, Ek
i' Photo. 7-2:8 ®OJiED(F4+12, Face Bar -~ Web Plate OBAEEMICREE LB, Face
Bar ¢» Web Plate (o Tk lifElg L€, Face Bar © Web Plate # 4| X4k C il
WEKT L 72 3 o BE S huts (Photo. 7-2:10 =), €77, KBERLIZEHWT, #aK LGS 300
(6] BI85 00 i i AR L DM, 9 RGUARY & IR T AE 200k L7z, 7ods, &IRBLOWIMIZED
57¥A1E Table 7-2-11 1T/ L TH 5,

BRI OPERE LB — 20 - 7205 —RCHV S b T v A ARB O % 2 5 Rk L
T, BENIRGBEDER L — A8 LT, faf @ikl (Pa) —#0K L (N) dhi 2\ 724 o % Fig.
7:2:10 12, % N (23500 5 E5RJIMERL & kB = ol IaE 2 Fig. 7-2.11 10034, %
72, WRSIRARRES AL & Pa— N & HIV T, POERRZ S ONZ IR SN SREE O MR 2 Fig.

. Photo.
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Photo. 72410 Specimen No. M 23 After Dynamic Test (Tension)
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Table 8-1  Chemical Compositio and Mechanical Properties of Base Metal

Chemical Composition (%) | Mechanical Properties
Kinds  Steel Eiong
of Manu- Yielding Tensile ation | Treatmerit

facturing

Steel Company C | Si Mn P S Cr Ni Ca V Mo Stress Strengthep =

200mm

ay
(kg/mm*) (kg/mm’) (%)

S M4l N‘{’gﬁ;n 0.17 — 0.660.0140.022 —  —  — | — | — | 28.2 | 45.2 27.7  As-Rolled
HT50 Do  0.150.441.180.0270.015 — —  — | — — | 36.1 | 52.1 27.4 Normalized
HT60 Yawata (.130.501.220.0140.0070.210.06 — 0.08 —  56.0  66.5  29.0 %ﬁl‘;ﬂgj&

H T80 Kawasaki 0.130.290.820.0100.0100.470.830.280.051 0.46  79.5 85.5 14.5 Do

IZ10mm OMWKIZY 5 » 7 F A} &0, Fig. 81

5: _230r :
v . e
IR TIRICEE LT L2doTdh s, KB oK .Fjg _ s
K& XOSFEEIE, Fig. 8:1(a) izt X 5z, “JIS-Z = 192 - AilcE= 7"“; Liddiaiai s
| & I 1
3102-61 itk T 57 U8k h 7" 0 2 S ABs 1y o HE U q-si_ 230r "
723D TH 50, SMAL 35 L8 HT 50 i) ok ‘ %? ?U
S sl A - . 3" 105 = 775 -’3’53'53’51 775~ 05 — 16
ZHEWTiE, WREOE BEOMEE, Fig. 8:1(b) N o440 —
[ N7 i S WA NI 7 ) Al L 72, i 230¢
y Ty — W ¥
SR R RN O e %4 Table 8-2 T4, SM i?ﬁ-:t::::mm-::::: ;{}
s o B e JE,‘.' L 105 £ 7754~ 75 L7759 108 — ".IO.
41, HT 50 X 0° HT 60 (3 E®EEZ{T2%2, HT e
80 XFERZL 1175 - 72, IGHEOWT R O W 515 o
— {5 % Fig. 8:2 (2773 gﬁ——_uﬂj/— g;
2 . v | H*
8:2.2 Eit Eﬁ 7’3 }f % k5o 4_35,!, 7043650 4 “% saction
P . i o h Q: :— I-—-ZSO---' " “05,
I alBRiT 4 o PR Ciriabdnz, L - o — A « F
L ONABRRS O G644 Table 83 (Z/5+. +7/hb ﬁ:ﬁc '

"L 50 —35--70 <354 50 < -
L [

SMdl $ 5 f HT 50 OBkiz 35\ TlE, wiE A pik i =————

Fig. 8-1 Details of Test Specimens
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Table 8-2 Welding Conditions of Longl. and Transv. but Joint

Automatic Welding Manual weld. Shape Trnw]

Kinds of  Welding of  Current Voltage ¢ "V Pre-heat

Stesl Process Core Wire Composition  Electrode Groove | Amp)  (Volt) mtw’mln) (°C)
Submerged ] ” e

SM41 Arc | $36, Y9 G20 — Square | 200 | 92 450 -

Welding 2 | 31

HTS50 Do ‘ %36, he"g G20 | — Square ';l)):: ;'; 450 .
| ]

HT60 Do US43, /y"¢ | PFH-60M — Square 600 32 500 =
| | | |

HT80 | fanual - KS116 5mmg  60°V 220~235 24~27 | 120~160 | 250
| Welding o 200~235 24~2 | 2 2
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Fig. 8-2 Hardness Distribution for Welded Joints

Table 8.3 Testing Conditions

. . = : Pulsating P
Kinds of  Test Conducted e s Capacity i Min. Stress
Steel by Testing Machine (ton) Speed (ke )
(c.p.m)
i Kippon Amsler Type Pulsator 40 100 0~2.5
Kokan Vibrophor 10 9,600 0
il I lsatc o
| Nippon ' Amsler Type Pulsator 40 100 0~2.5
HTs0 |  Kokan Vibrophor 0 9,600 0
I.H. 1 Losenhausen 40 | 666 0
Mitsubishi Zosen U“‘""(r‘:f;:h“?(?,:’p‘iuﬂ"“h‘"" 70 12~20 = 3.3~3.8
HT60 e
Shin mitsu bishi Losenhausen 40 250, 600 0
[Universal Testing Machine 50) i Manual 4 0
HTS80 Kawasaki — -
Losenhausen |

40 | 250, 750 0

EECHA L, RISHHRTIE- S, 747 47 —2HL, &<ig, HTS50 kW Tif, r—t¥Y
ot ENES AR L O Ls, HT60 ik Tix, REBELHO7 472 —(fDO7T LAT ~ i3]
FheatBrign (i L7225 RMOEISHEMIZ VW TE, ¥y 78 R B (R L
7-. HTS80 i3\ TiE, Wiy v — R REERIE A (A LT TR oM L RAZ A, K
R e — oy RIS R R (] L7z, IS STV RIS I9R D o8k Lia T H
%55, Table 8.3 IZRT X512, 7TART—H ALt~ % —BXO7 &7 2 — (BRI BV TR,
SAER O |, 0=Tension OFEBIIARAETHLDT, A )1 4kg/mm? LU FOd NG % 5
Z TR LEEZIA7,

« JIS-Z 3103-61 {BIEH OB EE S B A" 12X 5L, RPMENIE 4kg/mm® £TRDHTVS
DT, hoORBREEAHEH LR iIRSIREGHBERESZTL
8:2.3 H B & R

SM 41 DB F A Fig. 8:3 (2mt, ()BIE, HililZ Rl LIEN Omex (KRR L HE 2
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Ruptured Specimens
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Table 8:4 Fatigue Strength

Transv. butt Weld Joint Longl. butt Weld Joint

Kinds of Glvdla Base Metal
5 FIeD - 2 /
Steel a1 (kg/mm o (kg/mm? ay/ay (%) oy(kgmm?) | o3/01 (%)
15 17 104. 5 17 104.5
10 10 1) 100 10) 100
S MA1 104 37.5 2. 8 87.4 37.5 100
10° 31.5 23.5 74.6 31.5 100
106 27.0 17.0 63 27.0 100
107 22.2 12 54 —
7 52 53 102 53 102
104 17 17 100 17 100
1 J¢ 87.8 . ()
H T50 10) 14. 4 39 87.8 4.4 1
108 39 27.8 T1.2 39 100
10° 34.8 20.3 58.3
10 1.6 14 14.5 -
I 66, 7 68.3 1023 Y 100. 7
10 63.2 62. 8 99. 4 H2. 8 99.4
H T 60 101 62,0 50.2 81.0 61.5 99, 2
10" 59.0 o8.2 8.6
() 38. 8 =
(7
! 85.5 85.5 100 90.5 106
10% a0 85 106 8Y 111
104 - 7 70 90)
H T80 10 8 ot { il x
) 7 i 16 81
) 11 18.5 15 1 ih
10 | 12 Y 7
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Table 8-5 Mechanical Properties of Base Metal

Mechanical Properties

Kinds of Steel )

‘ Manufacturing  Yielding Tensile Elongation Treatment

Steel Cothpany Stress Strength G.L.=200 mm
oy (kg/mm?) op(kg/mm?) %

S M4l Nippon Kokan 27 46 30 As-Rolled
HT50 Do, 32 51 34 Normalized

: T . : & Quenched &
HT60 Yawata 56 34 20 Tempered
H T80 Kawasaki 80 85 30 Do,
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Table 8:6 Welding Condition
welding Kinds Electrode Shape Current Voltage | Pre-heat
process of or of (Amp) (Volt) (°c)
steel | core wire g flux groove
SM4l | B-17, 4¢~5¢ 160~250 | 27~30 | —
Manual | HT50 | LB-62,4¢-5¢ | & ° 180~24C | 25~26 | —

welding E 1_ =
!

HT60 | ©L-60,4¢~6¢ = I90~280 | 25~27 100

2
HTBO | KS-116, 4¢~5¢ 140~240 | 23~26 | 150
#36, 3/16'd 60’ —
M4l | o0, 20%000 L ;4| 840~960 | 33~35
* 36, 3/6'p 53
Sub:::rqed HT50 6r80, 20%200 so " 800~1000| 32~34 —
Idi . SV
welie | irreni| YoCM:. 4B) ‘1> 7 | 700~800| 33~36 | 100
YFI5 =
#43, 3/16" et -
HT80 | Lato X iz 1| 750~930 | 3234 | 100




Table 8.7 Fatigue

Strength

Kinds of Base Metal Manual Welding Auto. Welding
- Cycles
Steel Un-Notched | Notched  Un-Notched| Notched @ Un-Notched Notched
108 27.2 27.4 28.0 26.0 29.2 27.2
S M4l 10¢ 23.4 20.0 23.5 18.7 24.9 22,1
107 21.5 17.0 21.0 15.0 22.5 20.0
109 33:5 30.0 .2 32.8 3306 31.0
H T 50 108 20.7 2).5 30.2 25.2 30,0 23.7
107 279 20.0 28.0 21.0 27.5 20.0
100 41.0 34.6 39.8 34.4 39.7 36.0
TG0 106 37.5 26.7 34.2 24.3 33.4 25.4
107 355 24.0 | 32.0 22.0 31.0 23.0
10 54.0 — 45.7 == 41.2 ]
H T80 108 16.5 = 38.5 = 33. —
107 42.0 — 34.0 — 29.0 ‘ 2
Table 8:8 Chemical Composition and Mechanical Properties of Base Metal
Kinds Chemical Composition( %) Mechanical Properties
of | Yielding Tensile | E‘:]rlmgalion Treatment
e C Si Mn P S Cr Ni|Cul V Mo Stress Strength V7'
Steel | gy (kg/mm*) op(kgmm?) )90. ELLE
(%)
S M4l 0. l7ll).lJBU.4-IELl)1 0015 — | — | — | = — 23.5 41.5 34 | As-Rolled
| |
N | Al . ) | o . : | Quenched &
H T 60 Il). 130. .i?ll. 110,0160.0120.020.060. 18 (). 04 51 61.5 24 |Tempered
H T80 |(). 160, 200, 800.0090.01 i(J.SH}. 860.21 0.1 0.45 86.5 91 15 iDU
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Table 9+1+1  Chemical Compositions
C 9% Si 9% Mn %| P9%|S % |Ni %|Cr % :M” %!Cu %

HT 70 0.11 0.38 0.85 0.010 0.011 0.90 | 0.49  0.33 —-

|
HT 80  0.14 0.38 1.02 0.010 0.013 0.95 | 0.49 | 0.50 | 0.30

Table 9+1+2  Tensile Properties

gy kgmm® @, kgmm? | ¢ % aylou Y%
HT 70 67.1 74.0 32.8 90.7
HT 80 78.7 85.1 31.4 | 92.5
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Table 9-2.1  Mechanical Properties of Materials

- . [ : Elongation ' Area
. Yield Stress | Tensile Stress LIt g EREEEE
Material el ” W e (for 50 mm) Constraction
gy ( kg/mm® ) 7 kg/mm? ; k
T gt (%) | (%)

MS 30.0 45.0 27.0 79.3

H T80 78.5 85.0 13.1 66, 6

Table 9-2-2 Data of Chemical Analysis of Materials
Material C Si . Mn 5 S

MS 0.14 0.01 0.46 0.011 0. 005

H T80 0. 14 0.24 0. 86 0. 009 0. 005
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