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Ini'roductorg Nofe. '

- The present memoirs are a milénﬁo;tof abridged papers and abstracts
dealing the latest studies by the Faculty of Architecture, and the original
articles have previously been published in other scientific magazines.

Readers interested in any article of this volume are referred to the
original for fuller information.

We acknowledge our indebtedness to the following journals for the
original publications :-—

(1) Journal of the Institute of Japanese Architects. (J. of L J. A.)

(2) Journal of Architecture in Waseda University, (J. of A, W.U,)

Department of Architecture,
Faculty of Science and Engineering,
Waseda University,

Waseda, Tokyo,
November, 1933,
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ﬁﬁ the Strength of Structural

' Steel Connections.

BY
Prof, Tachu Naito. Kigakuhakushi.

(1) Introduction.

Connections of structmal steel can be classified as (a) those trans-
mitting direct stress, tension or compression, and (b) those transmitting

moment as in the case of beam and column joints, (Fig. 1)

m
: w%—r Gy
T IT T —
I.@—l (ii) Tension Joint with Angles.
==

(i) Joint for Direct Force.

(iii) Beam to Column Joint,
Fig. 1.

The methods of obtaining such connections are generally as follows :
1. With rivets,

2. With electric welds,
3. With combination of rivets and welds,
4. With steel bar reinforcements in the case when the structure

is embedded in concrete.

Considerable amount of experimental data concerning shearing con-
nections are available but relinble data in regard to connections with
angles and the strength and rigidity of beam to column joints are relatively
few. Researches into the latter type of connections are of utmost value
in the design of earthquake resisting construction. The author has made o

series of experiments for the last ten years, and during the process

- — - - e e

LR |
-
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g On the Strength of Structural Steel Connections

he has accumulated data concerning the elastic behavior of several different
connections. A summary of these experiments is presented in this paper.

The anthor acknowledges sincere gratitude for the untiring efforts and
assistance afforded him in conducting these experiments to Mr, A, Tsuruta
and to the students of the Architecture Department of Waseda University.

(2) Shearing Connections.

A. Riveted Joints,

The test performed on riveted joints of the type shown in Fig. 2
indicates that the rivets resist external force with friction during the first
stage.  When the external force becomes such magnitude as to produce
stress near the allowable limit of shear, the frictional force is destroyed

and slip begins. Tor example, when /,=T00kg/em?® the slip is about

On the Strength of Structural Steel Connections

Table 1. Shearing Strength of Rivet. (Test Result)

Unit of the figures in (

) is kg/mm?®.

—_F_H—_____-__________—-—E——_—___——-—————-——-—*——ﬂ*ﬂ_—__—_. .

i Breaking Strength Strength SBtrength
LR Gl DR e B Ibs/sq.in.
rivet 3/4 in. in tons | as 8/4in. dia. | as 13/161in. dia. | as 7/8in. dia.

.24 25.5 64,500 56,000 47,000

(46) kg/mm? (40) kg/mm?* (33) kg/mm?*

228 26.2 66,200 57,000 48,000

(47) (40) (34)
3-5/8 in. rivet 15 as 5/8 in. dia. | as 11/16 in. dia.

56,500 45,000

(40) (32)

B. Welded Joints,

Welds produced by a skilled welder show sufficient strength. Fig. 3

shows the details of the test specimens, and Fig. 4 the test results. The
joints (whether riveted, welded, or the combination of the two) were
designed on the basis of six 5/8 in. diameter rivets in single shear. The

results of the experiments have shown a much higher strength than was

R "
o sssitoen 0.05 mm. (Fig. 2). When
19 6.2 ar the magnitude of the
/8 LY X )
7 (Jaz=anss, Foar) stress is increased, how-
*;; , : Mlyaﬁ"”ﬁ’ 1 ever, the external force
{ ‘
/4 T A T is chiefly resisted by the
/3 ‘
/2 shearing strength and
j; the ultimate resistance
9 [l T2A8 A J2., 3% is generally, above the
IE L FohE ¢ - value expected. Thi
7 sy — ¥ _ RO He
é ;’ ‘Ef"'{;f,"_"f_ﬂ i Jt| is attributable, in the
u i’a- 1 ¥ . =
E 4 author's opinion, to the
"‘*‘: -—.:ﬁ:».. fact that the shaft of
/ H the rivet becomes en-
0 m— et . 0 s
0 /0 20 30 40 5 60 70 8 9% Joo larged in the driving,
Jlp in /éb 1nCh ; _
By thereby filling up the
VI, -

rivet hole.  Table 1
shows that a 3/4 in diameter cold rivet, when driven, gives strength which
i8 equivalent to the value usnally assigned to a 13/16 in. or 7/8 in.
diameter rivet.

expected.

It is to be noticed that the welded specimens 2B and D) deformed

(A)

Riveted -

Rivel g dia

Fillel 8 X%
% R Materia/
L 28534 XI5
b il 2/s—245X3g735"
$_ Material
- ditlo

Fig. 3. (A) Details of Test picce

i R ™ g




. o U e S

4 On the Strength of Structural Steel Connections

(B)
Plug weld

:

(©) g’f”j’f’z’% .

Fo , ; AP -34':! -34

Rivet IHI{-I Weld -%- 2&’2&*"3’—5&‘
combined
(D)

Weld only . ] - /‘Zr;;a/-
11io

Fig, 3. (B) Details of Test picee

very little, indicating that a welded connection offers greater rigidity than

a riveted connection such as specimen A illustrated in Fig. 4.

Comparisen of Tésts
Riveled Specimens: A
Melded Specimens. - 8.D

Combined SPec.mens. ....C

|

\!

;“ij’ —+
SComesa o ETE

Chal

w17 |z 008 | JH L B BY

42355 | 93.200| 35 (Plagweld) 35000"

- f’(ﬂﬂ- )
40565| 59300\ J¥—5 g(weld) 400"

43160 | 95000\ -3 5 neley 4350

Load in Ag
/0000 20000 o000 L8 33000
y

T S [ N

z

. PR S A Rl 5. R O 5T B T
Efﬂny!?’r&n n mm

2
~
ra

Fig. 4.

EESE———

e — —— — s S —

L — i ——— . — | —— —x

On the Strength of Structural Steel Connections b

C. Rivets and Welds Used Together.

In the light of the author’s experiments, the strength of the joints
obtained by the use of a combination of rivets and welds may be re-
garded as about 9095 of the sum total of their individual strength
(refer. Fig. 3-c.) However, a further study of the combination joints is now
under progress from which some additional information will be available

in the near future.

(8) L Connections in Tension.
(1931 tests, laboratory of Waseda University.)

When tension members are
joined by connection angles in the
manner shown in Figs. 5 and 6,
the angles will assume such shapes
as shown in the above figures.

The rivets 4 will be highly stressed

in tension and the maximum bend-
ing moment generally occurs at

point 5.

Fig. 6.

When the angle is thinner

Fig. 5.

than 9 mm., it will easily bend
and the rivets 4 will be merely pulled, and the strength of the joint
will be governed by the tensile strength of the rivets. However, when
the angle is thicker than the above, it will fail at point B. (The above is

from the experiments made in 1920). Table 2 shows the results of the tests.

- — ...n—l-...j
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6 On the Btrength of Structural Steel Connections

Table 2. L Connections in Tension.

(Tests of 1920.) Rivet dia. 3/4 in.

T | o %&* R
f
\
| Size of t | Gauwe | Rivet | Breaking Safe tension
| o’ N Ifu;’ﬂ pitch load | Fracture load for one
| L (in) (in) (in) (tons) rivet (Ibs)
! -
3" x 3" 3/3 1% 3 31 plate :
" " " " 34 ﬁlilﬁd 5,0[}0
" f { " 1/2 " " 39
¥ P = e Rl i e
4" x 4" 3/8 2% 3 24.9 L broken
" 1] 1 " 27 3 L- 4;00(]
L] ] " " LT 24.4 "
" " " " 21-4 " /
, " 7/16 " " 35*‘; " ]
- 1/2 " " 39.2 rivet sheared |/ 5,000
6 % 4" N6 3 ’ 28.2 I broken
" " " 3“.“ " 5,000
#,%P—' ]/2 1 " 31-8 "
" " " :ii}l'g "
J o Lot S A, o
4" % 6" 16 % 38.2 L and plate
98 failed
L " " b rivet sheared
1/2 ¥ 2 38.2 - 5,000
» o 3 29.2 L broken

Note: Breaking load is comparatively high for thin L though it suffers large

straln.

Thick L is apt to be easily broken at the root under a little strain.

If the angle is extremely thick or if the rivet diameter is very small,

the strain will be comparatively small and the rivets will fail in tension.
(Experiments of 1931)

= 2E g F TR an hes

On the Strength of ﬂt;mturl.l Steel Connections 7

In this type of connection, the strain is considerable which makes it
difficult to decide upon the safe strength of the rivets. If a strain of
0.010”-0.030"” is allowed, the tensional strength of a 3/4” diameter rivet
may be regarded as from 4,000 to 5,000 pounds. This type of connection

is not recommended, owing to the fact that the strain is large as has
been mentioned before. (Exp. 1920)

(4) Ribbed Angle Connections in Tension.

Top angles in beam and column connections are liable
to bend with resultant loss of strength in tension as has
been pointed out previously. The author has, therefore,
designed a ribbed angle to give additional strength and
an angle of this type is shown in Iig. 7.

In order to

compare the
~ dL3=/50x/20 X /5"

p strength of these
6"/l ek yibbed angles

with ordinary angles,

5 @ four test pieces were

el + +H+ 4 prepared as shown in
5" > = e :
-%—-—-l DR || €T J I'ig. 8. Specimens A

and B are ordinary

angles while ¢ and D
are ribbed. (Some of

the ribbed s are of

_“,

cast steel). 16 mm.

rivets and 17 mm.

holes were used.

Specimens 4 and

B produced large

! strain while ¢ and D
Fig. 8. (A) Test pieces for Top Ls in Tension Viek

showed small strain,

. T s, ™ | ks e, Pl oyt Y
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; (Fig. 9) The rivets in | 5
‘;F— + | + f,;if!; ) specimens O, and D Table 3. L (;nnmictmna against Tension (Test Result). |
25 "# T seemed to have resisted : _ ST 4
- : . toad (k For one rivet Strength of rivet in |
— .+ i + | full tension. Table 3 Test piece Max. ( g) (kg) tension as 17 mm. dia.
| in the
| 3|10 L; D e A 27,290 6,300 30 kg/mm?
| T rivets at failure. In A4 B 30705 7 676 a4
(] b .
I': ﬂ !ll.]d .B ’ thﬁ ri\’ﬁtﬂ were O 45.295 1 .324 50
! gyl s | £150 subjected to an eccen- D 15,175 11,204 198
‘ : i tric tension, owing to
i Fig. 8. (B) Test picces for Top s in Tension the deformation of the o ; g r
| angles and the average == :{i&' I__}_H__?_EI_
| \ f rivet {
v Comparisan of Test ?tfmm o (e 14:;] [=T65cm U=40cm
fio) Test preces maz Load () pilure;was 2,000-5, where {—1.0 cm h=1% cm
A L only 27220 kg/em®. In C and D), thet 3 (mm)=0.092 (ton)
6 : 40,709 the stress at failure SR '
C L withribd Cast skel 45,295 + [ when P=10¢% d=0.9 mm......(agreed
D (Cas’ steel only 45,175 was about 5,000 kg/em” with experiment)
- Jomted with 4-16 Pnf Rivet ich i e tha
l 1 " high iy S Hgrog s Y P=15t d=1356 mm......(L.5mm
the full tensile strength Fig. 10. fo axpicpiichit)
- i
S o }r{ of the steel. 'This
: j—!-- ﬂ—r .-:1'_'. I 44 = .T-..—.r L]
qaanagsasessct canssifans ole may be due to the
s33sississ STl e e H " (5) Beam to Column Connections (l).
) | ;iﬁ:- : 52 skudi T JE . enlargement of the .
» HHH ,afr s33sinCiceiiisitasisisssissntinsissassss rivet shaft in filling (1930 Experiments, Laboratory of Waseda University)
S E T R B .
J :V aa8asss cibaste easnestany’as aaiaasis e up the 17 mm. rivet To find the strength of beam to column conunection, specimens A and
'S SRR AR SEsIEianinacs S - . :
| E thé ,;;‘r P asasiaass i H?qtj hole. D in Figs. 18 and 19 were tested as a double cantilever, as shown in
N B R Fig. 11. Specimen B (Fig. 18) of reinforced concrete was also made and
o ;;ﬂff?'* L"fq‘;‘ tested in the same manner. Specimen (' is the combination of specimens
;— gazsses - Concerning the Strain , . A =
P SV t‘ § A and B, and specimen /' was similarly made by the combination of
4 4 £ : g 5 B e R D anl B. Specimen (! and specimen / were tested in order to deter- '~,
peformation in mm A and B.

mine how much strength the encasement in reinforced concrete would
add to the rivet jointed heams A and D).

Fig, 4.
'8 When the angle

is under load, as shown in Fig. 10, it bends and undergoes deformn-

| tion, The mode of deformation may be expressed mathematieally as Caleulation of Strength of Test Pieces.
| follows @

Test piece (4) Fig. 18,

¥ &
- i il - | = i - = i . s T - — q-_-‘_ e '-“ e g i m w . - ——
i s el . i — —_— - =

O e e T e 3 [ es By T, A ——— ey o - = LI - R g el IM
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On the Strength of Structural Steel Connections

Fig. 11.

Strength at the A-A rivet line in Fig. 12,

The rivets on the lower side being under teusion and the angle
deforming, the compressive force will concentrate on the top. Assuming

that the center of compression is 0.5 em, from the top, the rivets will be

stressed as shown in Fig., 12, Then,

H

R.M, = T (15.5%+ 11.5° 4 7.5 4-3.5%) x 2
=0TT emt=0577t.m...... T is rivel tension.
Let & 9 mm rivet be enlarged to a 11 mm one, then,
2
a—_-_fi’ft_l'l_ =0.96 em?

As the tension rivet suffers eccentric stress, we assume
f1=3,500 kg/em® ;
T'=.96 x 3,500 =3.4 ton.
RM =.57 x 3.4=1.93 t.m.

M=t _ ’! G b _g.-:l.mt

P=772%
The rivet failed in tension when the test load was 7.95t. (Table 4.)
Compression side

2(0=2T

ll‘-tl-l lr[::ﬂ : 1 l o T EERER] = - — rIr qr iﬁ :' lr
‘ x Tx(1+ EF -4 ) TR (16541156 +7.5 4+ 3.5)

15.56

x88x2=497

i, | [ ] P e P I iy e S A S R e el
w - - A

On the Strength of Structural Steel Connections

;. AT=49%84=1656t=2C
flange area b x8=4om’

__1‘1*-5 —=4,125 kg/em*  O.K.

Neutral Axis of the Joint, _

In the I of fig. 13 assume that the rivet does not elongate during
the first stage of the L deformation, and also assume that the inflection
point of the angle leg is located at 0.61,

0, =104 d' M=0.6Pl
g— 1 ( M1 Ml ) Ml 0.6PF

— e——
— e ——————

“RI\"2  2x2/) 4EI  4EI
P
W 1825
Bl
3o (O18PF
BT
5 OABPE _ OI6PF _ 028PF
T EI B
L0g8 e _ggg BE
Fig. 13. B At FAE
1l§

The deformation caused by compression (here neglecting the slip and

deformation of the rivet) is :

0, = PL'1 let the ratio of deformation of each be e,
5 3%gga I\
0= 3: = Pl =3.3G(T) (denominate it modular ratio
AL of L joint )

here assume l=gage-—,.g_ (d=dia. of rivet)

Now assuming that the gauge is 22.56 for the 40 mm L,
[=225-9.6=17

c=3.3“ )(( 17 )==2I'lT

O
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12 On the Strength of Structural Steel Connections

Then, the neutral axis can be found as long as the top parts of the

beam do not abut themselves :—

n* d—n)’ d—n )
'W"_T T ( 26) o NE= = S = Ve
; _Il' when e=27, n=0.162d
o If the top parts of the joint, however, abut each other,
1 these parts will resist compression at the part of the top-tflange
% e, of the L, so that the neutral axis will rise up.
Fig. 14.

Regarding e as 27 for the part below the neutral axis, we
see that the N.A. is at a point 1em down

3
%(Mﬁjﬁnfj from the top.

(2% 2
) = I: 21.5)(18 +4)<(.75)3+ 4)(.5!
= | -y 2 3 x 27 12
4 F t =87 +2.8 40,083 =90
1L (bottom) S,= 90 x 27=13H
, 18
74— ah
i (
Fig. 15. (top) Som ——= 90

The strength of the tension side rivets will be 0.96 x 2 x 3,600=6.8t
The piteh of the rivets is 4 cm, and the sum of the thicknesses is 1.2

cem.  Therefore, the tension of the I, becomes :

68 _ _14t/sq. cm.
4x12
Then RM=135x14=1.9 t.an.
or RM.=.9x4,000=3.6 t.m.
e Ll Geim) L5 P=dx19=7.6%

Thus, almost the same results are obtained.
Test piece (D) (Fig. 19)
Same as  (A)
RM=35T
7' (donble shear)=.96 x 2 x 3,600=06.5{
RM =36 x(,.8=24tm,

- W g ———

On the Strength of Structural Bteel Connections 13

R.M = ATT5" x %:9.4 e

4

T P—=10t
t: Test load is 12.3 t
y. &

=

— 5
. . Shear on the rivet=3,500 x %:4,300 kg/em®
Test piece (B) Tig. 17.
E Reinforced concrete bheam.
S0-225
~47.75 Je=4,300 kg/cm?
— —_—
Fig. 16, fo=1560 kg/em
Test piece A. b=16 em
d=26 cm
a,=a,=2.26 cm®
ﬂ1=0.23ﬁ
sy .M;=———_,fga”ﬂ‘ bd =24 t.m.
b 15(8 —n,)(1 —n,)
M,=- : Vo fhd* =4 t.m,
21231 26" - 3n,m, Ly
2~1. Pl
Yem B.M. =
-T
HIB0 e o P=28XS _ggt
Test picce B. 1
Actual load 10.7 ¢
Kivel 977 (nommnal)
s |- /202 -

:

4 Flg ls—40X40X5
4 Con. Ls 40x40x @ 4 Stiff. s 40x40x6 I Web B~190x6
1 Con. Pl 200x100x10 4 Fill. Pl 40%5

Fig. 18, (A) Detail of Test specimens
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. 1—:30""' -

| 35"

3

30=

”ﬂ

23"
30

g

Reinforcemen? Same 35 8

Fig. 18. (B) Detail of Test specimens

Test piece (') and (F) were the same as A+ B and D4 B respectively.
The following tabulated comparisons show that the test and the
calculated loads are nearly equal. (Table 4)

Table 4. Bending Resistance of Beam to Column
Connections (test of 1930).

ot L. Expected breaking | First erack | Max. test Max. load
Specimen load noticed at load expected load
A Steel only 1.72¢ C——- 7.9 1.02 by
Reinforeed
B conercte only 9.6 7 10.7 112
0 {+B 7.7249.6=17.32 9, 10 G 1.03
A+ (AZ24+D.0= ) 5 19'07 .
D | Steel only 10 — 123 1.23
K | D+ D 1049.6=19.6 ) 21 1.07

On the Strength of Structural Steel Connections 15

Fig. 20 shows the stress strain diagram obtained from the test.
The following are the resiilts of the test summarized :(—

24

4 Flg ls-40X40X5
1 Web R—190X6

2 SpRs — 190X90X6
4 Fill s — 40x5
4 Stifls — 40X30X5

Renforcement-—-Same as 8
Sfa‘.'d o ona Same as Dy

Fig. 19, Detail of Test specimens

(a) Steel connections with steel reinforcements (C.E.) give the
strength approximately equal to the sum of the strength of

the steel connections and the reinforced concrete.

(b) The calculated value divided by 4 (factor of safety) will give the
safe working load. This can be verified from the deformation
y )

diagram (Fig. 20), showing that the strain at IT is very small.

(¢) 'The stiffness of the conmections : Fig., 20 shows the deforma-

tion of the L connection. (A) has a very large deformation while that

of (D) connected by the plate, is rather small. 'This shows () is more
rigid than (A).

Specimen (B) made simply of reinforced concrete is indeed stiff,

{
]
I
4
4

iy i - ———
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yet it does not bear up
C, D, E  Full line. Curve by Pial Reading

C,DE Detled line. furrfbfﬁﬂﬂﬁn? the load at its maximum,

2 whereas, that of steel

and reinforced concrete

£ combined shows that it

& AL E possesses  together  the

8 / 3 strength  peculiarity of
N 10 [ A - = i . ﬂﬂl']l.

§ __.i.qu-z- ]“\_. Especially, when rein-

iy /! Al | 1|, forced concrete is applied

45 !gl ﬁmﬁbnfg ¥ Jo 40 50 to a steel joint for ob-

. : : taining rigidity then rein-
Fig, 20, Toad deformation diagram W Wl

T Tobied T Bea s forced concrete works very
eflectively.

In the stress-strain diagram, the curves € and . # show marked
stiffiness as compared with the curves 4 and D,

In these experiments, it is regrettable that the reinforced conerete
beams fai'ed through the s'ipping of the bars at the end supports, and in
consequence, the expected full strength of reinforcement could not be
developed. If the bars had heen prevented from slipping, a far greater
load could have been sustained,

After all, the test shows that bond plays a very important part in

reinforced concreto structures.

(6) Beam to Column Connections (Il).

(1931 Experiments, Taboratory of Waseda University)

In these experiments, joints with a ribbed top I, those with a
through-plate on the tension-side, and those with electric welds, were
tested for the purpose of finding their strength and rigidity. Test pieces
we classified as 4. L. CU D. K, as shown in Fig, 21 (4), two pieces

being prepared for each type. All specimens were tested as double

cantilevers,

TS T ————
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Note ; Rivel 89 . Rivel hole 10£. Welding 9x9""fillet
1930 test by Dr. T. Naito & Mr. A, Tsuruta

Fig. 21 (A) Detail design of Structural
Test pieces

Calculation of the
Strength of Test
Specimens.

Specimen 4.
The rivet dia. was
8 mm, and the rivet
hole 10 mm, It
was assumed that
the rivet filled up
the hole.

When the test
piece bends, the
lower part of it
will be compressed,
and at the same
time the upper part
will suffer tension,
causing  shearing
stress on the rivet.

At the web the
joint of the L
suffers tension, so
its  modular ratio
¢ becomes large.
Here we assume
that the ratio is 27
ag in the previous
case, The effect of
web L being negli-
gible, the equiva-
lent area will he as

small as

i
el -

R e T e
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The test loads were 18.4t and 16.7t, the average being 17.51

Specimen B. An ordinary L being placed on the compression side,

— T — T i—

the compression concentrates upon the bottom flange of the I beam.
Therefore, making the arm length equal to 15cm, and neglecting the
offect of the web L, the following is obtained :—
RM =Fx25=314x 3,600 x 25==2.77 t.m,
M=3P s P=92¢%
Actually, the test loads were 125t and 14t, the

(2 7 =21  averago being 1325 ¢,
0 ! AR % - Ly s Specimen C As the joint was all welded, this was
() D PR SRsng el ,‘*-5'3’315 L‘L-:i I supposed to be an I section as shown in Fig. 23,
Fig. 21 (C) Test piece A, u . r (105 95 1.08) 5 1050 1.96 x 2929 47504-1.110
i B i L Treame R G N T e
gy L AR ' . . 0,860
- A ,_ ﬁ 4:{"?:;_-1 1 . , Lpig_ 23.- — 5,860 B= =470
N pn e ' Assuming the strength of weld to be 3,000 kg/cm?,
RM =470 x3,000=14 t
MN=03P . P=466t
T Actually, the test loads were 39.55 t, 45.15 t, the average being 42.33 t.
Specimen 7). Only the top and bottom flanges were welded.
F | 13 x0.63 x3,000=245t
—L R.M.=24.5x .25=6.15 t.n.
Fig. 23, Tast ploce { M=.3P s P=2056t
Fig. 21 (D) Test piece C, . The test loads were 23.25t and 27.7 t, the average being 25.5 t.
18 x 1.2 | .. Specimen . 'The welded part was about 7em. with two rivets,
a7 == 80 ecm’, It can safely be said that only the compression ‘vn the 4 Thet. e S “““.*-;3_.11_ < B.500=18+55=18.5
angle surface and the shearing force on the tension side rivets will resist | 2 | ' '
moment, a8 shown in g, 22, The neutral axis will, therefore, be located R.M.=18.5x 25=4.6 t.m.
al a point 4 cm. from the edge of the L abutting to the column (Fig., 22). P=153t
R.M = F.a here F' equals the shearing strength of 4 rivets. The test loads were 1645t and 21.65t, the average heing 19.5t. 'T'his
=314 cm® x 3,500 kg/em? =11 ¢ a=2547.6—2.0=3805 . result shows that the sum of the strength of the rivets and welds gives
R.M =11x%305=3.86 t.m. the strength of the specimen. The result is shown in Table 5.
d
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Table 5. Bending Resistance of Beam to Column Connections.
(Test of 1931)

L Expected breaking P Test load

< g

pecimen loadl l'est load expected Toad
A, 11.9¢ 184t 1 85
1 e 16.7 4
B, % 12.5
B, | : e 1.43
C, s 89.55
G, ' 45.15 9
D, e 923.25 o
D, i 21.7 3
Fa 15.3 1942 1.25
E, : 21.65 - :

lixcept for specimen () all the others sustained 20-509; larger loads
than the calculated and it seems that the strength of rivet joints is
usually larger than the calculated values.

larger deformation, and in point of stiff-

3} i 1T IR Concerning the Rigidity of Connections.
N kil '_:'.E-n ! Jll I A b ‘F Fig. 24 which shows the stress strain
j 3z _II_' -} diagrams of these five specimens (4. B. C. D.
"i -+ PdIAL 1'._1__ =i ; F.), indicates that the welded ones proved
Alf _I__ 1| striking stiff. The riveted pieces suffer
]
|

ness, riveted ones bear no comparison with

L

& : |

> N 15 _\ t the welded ones. The welded pieces are in-
N“: / hq‘ _— — . ‘_li _—

- 1 : —F':ﬂ’iﬂ deed very stiff, and the failure of the joints
o/l ‘Avim
2, | A
_‘__ = ..-I '11 i

al ! takes place abruptly. This is a pheno-
et —————  menon similar to that appearing in the ten-

Dvformatian in mm sion test, but if the safety factor 4 be given
Iig. 24,

- —g—

to a planned load, it will be amply safe.

- — . R ———— —— T T [ e T ——
——il— -——— - - -t = |
L3
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Concerning the Design Calculation of Connections.

The foregoing tests show that the connections of this kind may be
calculated principally by regarding the flange stresses as a couple and
regarding the end reaction as resisted by the rivets of the connecting web
angles of the joint.

This mode of analysis will afford safe and easier calenlation. When
weld is added, the joint will be so much strengthened.

(7) Beam to Column Connections (lll).
(Beam with Bracket End).
(1930 Experiments, Laboratory of Waseda University).

In the quake-resisting design of high buildings, great importance
ought to be attached to the connections of beam to column, because the
connections are subject to large bending moment produced by lateral force.
In the case of the design of Tokyo Sumitomo Building, the author, with
an expert of the company, contrived a great number of different details
and tested them with half sized specimens.

Figs. 256-30 show the details of the test specimnens :—

Specimen A.

The beam was connected with a plate through the column, and it
had a ribbed top-angle.

Specimen 5.

This was the same as 4, except that it had a plate welded at the
tc;p instead of a ribbed top-angle.

Specimen C.

The beam lhad a bracket at the bottom and a ribbed angle and weld
at the top.

Specimen D).

This was the same as C, but it had no weld at the top.

All was designed approximately with the same strength.

—— - e —
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o4 On the Btrength of Structural Steel Connections

Calculation of Joint Strength and Test Load.

Specimen 4.

The top angle having a rib to impart sufficient strength, the four
shearing rivets are assumed to work. Therefore, the section which resists
the moment may be assumed as shown in Ilig. 31 (rivet hole being 11/16%).

! ao”
‘r“‘lh-.ﬁ‘-"-r--ﬂ > Isi;éﬁ':”"f

| ks
25" 6% 251
_{_l e T yo)l.8"

1529

Fig. 31. Specimen A.

- 14 863
I=86 M=/ - X7

—T790,000 in. 1bs.

|
BM.=355"x L =790000 . P=20t

-—

Assuming the safety factor as 4, the breaking load will be 80t. The
actual maximum test loads were 79.5t T8.5t, the average being 79t
and failed by buckling of the web plate.

Specimen B.

X7X5 =133 ° Taking the weld area at the top into consideration

and caleulating similarly as for specimen A (Fig. 32),
=% s I=824 S=62.5

Assuming the strength of the weld in tension as
11,000 1bs. /sq. in.,

Fig. 32. R.M.=680,000 in. 1bs.

Specimen B, P—1717t.

IT the safety factor be 4, then the breaking load will be 70t. The
test londs were 69.5t and 73.5t, the average being T1.5t, and the joint
failed at the weld,

Specimen (.

. g VTP
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Eight rivets at the top flange were stressed by shear, the area heing
J 8q. in. :
Assuming the breaking shearing strength of the rivet as 45,000
Ibs/sq. in., and taking the arm length as 256" (neglecting the web),
R.M.= (45,000 x 3) x 25" = 3,400,000
P 2 x 3,400,000
36.5 x 2,240
Specimens (;, and €, were subjected to test loads of 80t and
86.5t. The former failed by buckling, while the latter did not fail as the
stiffiner was added before testing.
Specimen 1),
This is the same as (. P=83t.
Test loads were 73t and 74.5t, and they buckled, but did not fail.
The following are the results tabulated :—

=83 t.

Table 6. Bending Resistance of Beam Connections
with Bracket Inds.

Expected breaking load Test load Manner of failure
A, 20 ¢ 79.5 Buckled (not broken)
A, 8.0 0
B, o4 69.5 Weld part broken
2 73.5 | 7
Yok : |
C, | 0% 80 } Buckled not broken
CI | I! Hﬂ*ﬁ I "
| I - — — e — -
1 73 " Bucklod not broken
83t
D, |

LR

i 74.5
Test specimen B was welded only, so that it proved to be the weakest.

Notwithstanding this fact, it bore up a heavier load than the calculated
load.

The others failed by buckling, and could not develop full strength.
If the web is properly protected against buckling, the connections will

B 5T LR TPl S
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= show further resistance.
Az A &— In general, the connec-
= Sl tions will withstand a
P calculated load. From
2 the tests, it can safely
be said that the caleun-
A - Iation of strength of

joints as  mentioned

(14

&0

>
-

()

above 18 one of the most

70 20: 30740 W 60170
Deformation in m.m.

- Fig. 33.

proper methods.

The connection of
bheam to column (when it has no through plate) way be ecalenlated, by
the above method as it sustaing the moment principally with the top

and bottom flange stresses.

Concerning the Rigidity of Joints.

Judging from the enrves in Fig. 33, it is noticed that specimens A
and B are the most rigid, undergoing the least deformation : next comes
C, and D shows comparatively larger deformation. The reason for the
above is this : both in 4 and 2, a through plate forms the web, and the
top ribbed angle or weld adds strength, therefore, the joint undergoes very
little elongation. So the joint is extremely rigid. Now in ' and D, the
top rivets are shearel at two places and the joint plate is elongated.
Naturally the joint undergoes large deformation.

In conclusion, the connections can gafely be designed and caleulated as
described above. The results of the actual tests are on the safe side, and
check with the ecalenlation satisfactorily, thereby proving its reliability.

For producing rigid joints, ribbed top angle must be used, restricting
the deformation of the connection angle to a minimum. The applica-
tion of welds to connections or the combined use of welds and rivets

will achieve good effects,

Furthermore, a steel joint embedded in reinforced conerete will have

On the Strength of Structural Bteel Connections 7

a strength equivalent to the sum of the strength of the steel joint and
reinforced concrete structure, considered separately. It is quite effective
and favorably adapted to practical construction.

The foregoing statements are verified by the author’s experiments.

I s i il T [ oy = -F—-n—v-d
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Tests on the Strength of Weld Joints
Strengthened by Reinforced Concrete.

BY

Inst. Akira Tsuruta. Kigakushi.
(1) Introduction.

The purpose of this investigation is to study experimentally the
degree to which the all-welded connection of steel beam and column is
strengthened by reinforced concrete encasement.

Few investigations have been made in this direction generally, which
may be attributed to the fact that the so-called steel concrete construc-
tion is a distinet development following the disasterous earthquake of
1923 in Japan. Quite logically, the study of this type of construction
has been pursued with vigor in Japan, however.

I acknowledge deep gratitude to Dr. T. Naito for his kind sugges-
tions during the present investigation and to the Japan Steel I'roducts
Co., Ltd. for the contribution of steel test specimens. I also thank several
students, who worked in cooperation with the author, for their assistance.
(2) Strength of Welds.

The strength of welds is subject to variation with the quality of the
materials used and with the skill and technique of the welder. A quali-
fication test was performed under conditions which were as nearly identical
as possible with the actual conditions of the main experiment in order to
determine the weld strength in the present investigation.

The qualification test was made with four types of joints (see Fig. 1.)
which were conveniently chosen by referring to both ¢ Standard Tests for

Welds """ and * Vorschriften fur die Ausfubrung geschweisster Stahlhoch-
bauten.’”

' American Bureau of Welding : Standard Tests for Welds (revised, 1931).

* Der Minister fiir Volkswohlfahrt : Vorschriften fiir die Ausfuhrung geschweisster
Stahlhochbauten.  (Juli, 1930)

L
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(n) Tension Tests of Butt Welds (see Fig. 1 (a)).
X The tests were

§ M"”‘W“? i made with two sheets
zﬂﬂ—j_zﬂﬂ : 72 y

\ ' / of an open double-vee
| butt joint welded in

. two different posi-
tions, that is welded

= Joo -

RARS
| 21

I RIRT

% (0

i 1 1 N

4
o |

T
l

200— 5
ﬁﬁ;’"" iranc B t'.l:ua1 flat and
& lepr— - G vertical positions.
) Bult Weld Test Feces - Xis —u" Glling 2 W
l_L't
(L) Bend Jes? Aeces ment was re-

4/0 T —ﬂ\ P}’ _I moved from these
-~ /30 /J0 —* + ' o
1 ! J i two sheets, and
'?' &;‘-;'D:D_ Grip Plale JOXZXI80F ench of them cut
.%/;i—;ﬁ;ﬁ-& t{ﬁﬁ’ﬂ } T 9xgFi/ler  into seven  coupons,
gy : 1 e The middle five coupons
N kgté : £
e — = — | thus obtained were test-
¥ 3
(C) SideFilet Test Peces ] ed. The average value

of the strength obtained

~—200 200 — 7= is shown below :—
-”—_ 200 X/80X 9L kL4

i / 6xsfi/ler  Flat Welding
- | g | 35.64 kg/mm*
L——ﬂq—q p%——j_ RTAE (50,680 1bs/in)

Vertical Welding

| .
) M - l?_ f‘;dﬂx/fﬂx 7FL 90.19 kg /mm"
| /) Fille/ :
(d) /Yyormae e/ /exl rreces (41’41" “Jﬂ!"l’)

Fig. 1. Qualification Test Pieces.

(b) Bend Tests of Butt Welds.

The test coupons used for this type of tests were made in the
manner similar to the previous conpons mentioned, except that these
were of an open single-vee butt joint welded in the flat position (see
Fig. 1 (b)).

The test coupons were tested but no clear results were obtained

|
|
1
:
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owing to the fact that the method employed in these experiments seemed
inappropriate.

(¢) Tests of Side Fillet Welds.

Fig. 1 (¢) shows the test specimens. These were welded in the flat
position, the size of the fillets being 9 mm x 9 min x 50 mm.

The result showed that the shearing strength throngh the throat of
the fillet was 29.83 kg/mm?* (42,410 1bs/in®) which is the average value of
the two specimens.

(d) Tests of Normal Fillet Welds.

The test was performed to determine the strength of the fillet welds
subjected to a force in the normal direction.

The test specimen consisted of three plates which formed a cross as
shown in Fig. 1 (d). When the welding was finished in the flat position,
the specimen was cut into five pieces of which inner three were tested.

The test showed that the average strength of the fillet at its throat
was 30,85 kg/mm?* (43,870 1bs/in®).

Perhaps there are many causes to account for the fact that the
strength of the weld used in the present investigation was about 159
lower than the strength of the welds generally used in Japan.

(3) Strength of Concrete and Reinforcing Bars.

Assuming the expected strength of four week concrete to be about
150 kg/em?, the fineness modulus of the aggregates was measured to obtain
the proper proportion of the concrete mixture. The proportion of the con-
crete was determined to be in the ratio of 1.2 : 2: 4. The water-cement
ratio is 6595 by weight and the slump of 20 e¢m (8 in) on the average. The
concrete thus made was tested simultaneously with the principal experiment
when the specimens were three months old. The average value in com-
pression for the concrete was found to be 198 kg/em® (2,816 1bs/in®).

The determination of the strength of the reinforcing round bars was
accomplished by testing four specimens. 'The average value of the tonsile
strongth was 48.1 kg/em?® and the elongation 28.49.

(4) Design of Specimens to Test the Welded Joints Strengthened by

Reinforced Concrete.

Tests on the Strength of Weld Joints Strengthened by Reinforced Concrete i1

The author has adopted the following notation to be applied to the
specimens : R, D, and DR. Specimen R stands for reinforced concrete
specimen ; specimen I) for the steel specimen joined by welding ; specimen
DR for the combined specimen strengthened by placing 2 in R. Two
specimens of each kind were prepared for the purpose of obtaining
average results.

The following are the assumed stiengths in the design of the
specimens :—

Strength of Weld (9 mm x 9 mm fillet, throat 6.36 mm)

Tensile strength 3,000 kg/em* (42,670 1bs/in?)
Shearing strength 2,850 kg/em® (40,530 1bs/in®)

Strength of Concrete.

Compressive strength 150 kg/em® (2,133 1bs/in®)

Strength of Reinforcing DBar.

Tensile strength 4,800 kg/em* (68,270 lbs/in®)

[ 1 b lgelobel | L1570 1] ] |0 rﬂiﬁé
G'_LLJ_L.J_I_A_A_L.!_I_EEﬂ_I_J.J_L'D L._l:ﬂ
':-zm#——v 500 4—|~zb 600 —-T-zm- 220 = '

2 (44

® [
£ 97K I o) ~/25 ™" —= |
250 x/25x/01 _ga
I GOE {T
CEAR o TR B R
@ o — — V{1 S —
i
gl Wl b
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0P, B o i e o o
Ldo0 — o

Fig. 2. Specimens for principal testing.
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Fig. 2 shows the specimens which were designed with due con-
sideration for the capacity of the testing machine in the laboratory of
Waseda University.

The testing method in the photograph was adopted with the load at
the center and simply supported at the ends. Neglecting the self weight
of the specimens, the expected breaking load was caleulated as follows :—

Specimen I?: 'The reinforced concrete beam formula was adopted, and
the specimens were designed to be broken by the failure of the reinforcing
bars. Accordingly, the resisting moment of the bars (R.M,.)=1,750 kg. m.
(12,660 ft. 1bs.) and the load (P)=1,800 kgs. (12,790 1bs.)

Specimen Z): Assuming that the fillet weld of the top and bottom
parts of the flange are capable of taking bending moment, and also assuming
that the welds of the web are able to bear shearing, the resisting moment,
R.AM.=5950 kg. m. (45,000 ft. 1bs) and the lond P=19,800 kg. (43,660 1bs.)

Specimen It : Assuming that the summation of the strength of
and 2 separately is the strength of specimen DR, the ultimate load will
be, P=58+19.8=25600 kgs. (56,450 1bs.)

(H) IExperiment,
The following table shows the comparative results of the experiment,

According to these 1esults, addition of the experimental loads on

Table 1. Results of Experiment,

- — — - - - - — -— . — s — = ————

Shocimens Allowable _1__]-;‘.:;pufli.r1m11t£n] ] 34 e ."
_ e load in kg. | Breaking load f{lml"l;f? ';‘— Fracture
Mark | Remarks | (Ibs) in kg, (Ibs) | SN SHOAR 74
R ey ox 1400 | 7,040 (15520) | |
- Reintorced | — 5,03 Slip of bars,
R, | conorete | (3087) | 7,060 (15,550) |
LNy R . S == e A e
D, | Bteol, 5500 | 23,250 (51,300) |
Joined by e banig) 481 " Broken weld.
D, | welding (11,690) | 27,700 (61,100) |
e e S 0 —
DR, | Combincd, 6,700 a7,400 (82.300) | - Broken weld
- Ctaking — | H48 & slip of
DR, | Din K (14,777) | 36,150 (79,700) | m bars.

Note :  Allowable load of DI is assumed as the sum of those of B and D).

— — e —_— T — - — = e —— e . - == = I ——

— S ———
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specimens 2 and D gives, 7,015 kg+ 25475 kg= 1322520 kg. (71,700 1bs.)
However, it is to be noted that the experimental load on DR is 86,725 kg
(80,980 1bs), and the ratio of the two values is
36,725
32,620
In short, the specimen DR is stronger by about 13¢5 than the
separate addition of the specimens R and D,

=1.13

The specimens failed in the following manner :—
R: The slip of the reinforcing bars.
D : Failure of the weld.
DR : Failure of the welded part first, then the slip of the rein-
forcing bars.
Fig. 3 shows the relation between the load and deflection of the
three specimens. It is seen that DR failed soon after it reached the

maximum load (36,725 kg.) although it

el

sl | | stood about 7,000 kg. load, being held by

3 reinforced concrete.

: 19756 o] (6) Conclusions.

‘EZ.Zﬁf‘? The following is a brief summary of

i the results of the experiments :

N/ } (a) The strength of the welded joint
Iah: encased in reinforced concrete
g# }l was greater than the sum of the
-5: / 2 strengths of the welded joint and
3& a6 reinforced concrete beam, con-

W A —;;"l"—_ sidered separately, by 13¢;.

T‘ 3 2 s (b) The weld of the specimen DR
v was broken and yet reinforced
#...f_...:. Mhﬁ :: G e conerete showed some resistence.

Fig. 3. Load-deflection (¢) The load-deflection curves for D
Curves.

and DIl were much the same,
showing almost straight lines hefore they were broken.

From the results mentioned above, the strengthening action of rein-
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forced concrete on the weld joint was fairly effective. In the light of
the present experiments, it will be safe in practical caleulation to adopt
the method of summing up the strength of the compouent parts which
make up the member. However, the above may not be true in all cases
when conditions vary greatly from these under which the present in-
vestigation was conducted.

The answer to the following items must be found by further studies :

(a) The strength of the weld joint covered by plain concrete.

(b) The variation in the strength obtainable when the proportion of
the weld and reinforced concrete is changed.

(¢) The phenomena taking place at the elastic limit.

(d) The investigations as to angular variation of the joint and other

problems.

Fig 5. Specimen DR amounted

Fig. 4. Specimen DR before
concreting. the testing machine,

1

»l i".'.'f.- :
Fig. 6. Specimen DR after the testing.

1 ':lilll*
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On the Properties of the Metal Deposited in
Arc Welding with Domestic Electrodes

BY

Inst, Akira Tsuruta. Kigagushi.

The author presents in this paper some observations from the study
of the metal deposited in arc welding with domestic electrodes which are
commonly used in building construction in Japan. The items studied
were the measurement of physical properties and the possible effects of
annealing on the physical properties. Ordinary structural steel was tested
in parallel to furnish comparative values with the metal deposited by
electrodes.

The electrodes used in the test were coated electrodes, and designated
A, B, and (€, which were furnished by three representative manufacturing
companies. The test conducted were :(—tension test, impact test in which
Charpy impact machine was used, and repeated impact test in which Mohr
repeated impact machine was used.

The test pieces were obtained solely from the metal which was
deposited in many layers on a steel plate by shaving and milling. (See
Fig. 1) The test pieces of structural steel were obtained from the common
round bars milled to size and dimension to conform with the above
specimens.

il‘nbles 1 and 2 show the test results. The following are the summary
of the conclusions :

1. The tensile strength of the deposited metal is about 47 kg/mm* with-
out annealing and about 43 kg/inm?* with annealing. The yield point
is about G025 of the ultimate strength, the modulus of elasticity being
about 20,000 kg/inm?*. The elongation is from 10 to 159 in 100 mm.
gage. 'The properties are similar to those of mild steel with the

exception of the elongation which is less.



% zie9 | oor | * § _EEEEH 91 | v@ | ow | ors | oo ra e
5 goeL | GET | 3 A cr | B | g1z | ¥o8 | 008 g0 | S 7 o Blac
- 5 ~ ——— | PN o =4 | PITI)
M GalL 0cl Suyeowae, ¥ It g “ 08 | ¢<€8 0T Suimouun| ¥ W
3 092zL | &Il | " 3 g ST | 9% | OF8 | 968 TOT | moyis | &
_ = = . " ! I : - I|”I... & : !
£ 09rg | 001 | | ot | ge1 | €218 | cgg | GOT FT |
wi ik _ muh-—g;:ﬁ _ e | W S _ : . | mﬁ_mdﬂu:—; “
2 ¢LLz | 001 | | 9T | - a8 | 698 g8 7 01 | 81 5
.m_ 8LCF 00T 3 # _.w:m_._.&::ﬂm 9 | 08¢ | ¥¢6 006 _m 901 _.w::ﬁ::x_ ¥
g o | oor | “ “ | oyua | g | | vz | 826 | 206 | g0 | mowus | €
3 = e = | =
AT NI e R N e T (1 wz | e | ogg  [gor [
2 geor | @8 8 e ] | ot | ety 61 | LG8 | OI8 | ZOI = g 2
= “ o Ay W | ! T | . | -
..m 8L | OII uE_..E:.:. g - @60 | 076 | GLS FOL  Fueouus| ¥
m gere | orr | “ “« | mogm | ¢ 96F | €F6 | O0R8 | LOT | moyusm | g
_ ogeg | oor | * 28 o1 | 986G | 618 | @8 | oI ¥ |
s . pajuatun | | v < . . pajvouuy
| 2 gerg | 001 | [CSTLS0 L M ORrOT | e R B[ {018 €01 £1
M 6 ' i z il 3 .m‘
2 ¢rog | 00L _,w::au::ﬂ_ 9 | - 6OF | P86 | Sr6 POl W:mﬁ:.ﬁ. F
S veor | our [uzer | ogr | mow | ¢ | 06% | T26 | 006 | 8OL | oW | &
2N | oanurm fEEm_ (T £ S T S F e H.ﬁ_ :::m.__. i:n: _,.EEJ.I ;
~ vold Jdajotant '
EE_ Sod Muﬁ_uﬂflm LI popagy Radd uwonrpady | 47 .E:u_ iz ”“H“a TPIA\ | poqrepy | jaepy | neunoady
1 bl . N
: .M K WB&EH 3o nn:m__._oma: o __ _ - ;I-_ﬁ:iEH—II Jo _,_:_um:iwml--l e LS
__ m wa, Joudurp parwadoy | wa, peduy
il oS WL St e :

: 4sa, tondury pojadoyy puw joudmy Jo synsoy G AU,

| : : _ . ST ) 3 - |BE
: 0e680z | 999 | 0F0€ 088 | 081 |0l | L1€ | 0@8 | 0COL Z
| = e | . e b e _ ’ £, __?_E_Eu (oS |
. E ¢r9 | 060€ €68 086c | €928 | 09%E | 8¢ ¢cor | 11 3 |
_ — | | PITIX .
u.m 00€°1G ¢eo T b 9er | 019T ﬂ Geee _ 090e | 0€8 0g01 Aurmeuuw| 7 7%
.m 0081 | @e9 | OFlG 98y | _qF oz | 6208 | 998 | 0G8 | OGOL | Inoya | 1
g . ; _ . v et | ; | ._
& 09661 | ger | 99T UIF ,m..am _ egre | LLes | 968 | 9301 __a_a.EL at |
| = 00L'Tc | 968 | 9491 0'GF _ 0GFe om._.m | 186 f 88 | QZOT | I
w L5 ._ _ _ )
| . § o oowes | or | 8L | 600 crir | oger | e8¢ | 998 | 0GOL  Fuwowu| G
| S 00806 | 963 | 958 FOP | GRS Emm zoce | 8T8 | GzoL | woyim | 1
il ! A e |
2 . f | T Fosok ; _ . _
| £ oogoz | 63 | 9T | TH | 06IE gl | 609G | 0F8 | 0GOT | T
_ 2 . 'S _ | 7 ._ pojsats |
£ 0600G F1 | 9901 ogr |9ece |9zee | 9g9 | 08 | 0GOL | 11
3 ——1——— | _ | i
w. 0G9'6T | 8T “_ 000L g9F | 0l€ |GI8e | 696 | 88 | GTOT Auyouun | g
0661 | o'65 | STEL | $9F | 0Ge |90V | 9GEE | 698 | OGOT | o, | T
: M Smumﬂ 17 08 F1 eTr | 0208 _ 0LFe _ 6 86 | 0z _ 0z01 _ﬁoﬁﬂu:_:; ¢l |
2 0080z Fo | 0@aI 9cF | 0GLG | 06F€ | 68Fc | 0G8 | 0GOT | T
- _ g e | 2 ST P
o £ o o - » . - . _ | - _ -
g (010G 1= | o601 gcr | 0268 | C6le | o¢18 | 878 | 9GOL _L,__:ﬁ:_i g
T 009’0 | @ | 968 zov |ocze |oue | res | ¥ i grot 1 i 1
ml —_— = - —— - - — —— — - - — ————————
s (uut/3y) | (%) |(%) ofed ?EE\.w,._ 7 uT:_ :_.73 _.“n:::\..T_; FE::__ (w)
Ajoysee | woaw | mur 0] panpivy  pwo jnod | By | J9jourul(] g &
..m Jo : tl uon oty v:: 7 .w_ :E:w 7 piows suounoads PORRI. | eI | wemmedy
ﬁm. SNNPOY [-onpaY -uSuopq | w SSOAIS | ?E.~ _ -IXBY | SROAIY 10 wordr ._u.,uuﬂ
—— . = - ———
= "I89], UOISUD, Jo SJmSaY T 9[qu]<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>