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& 2.1

Table 1; Dimensions of fatigue test specimens and loading mechanisms
Test Dimensions (mm) Weld
Spec.  p d Tt L ¢ O,(deg) dy(deg)  "O°S
TAW 609.6 323.8 20.5 12.7 4859.7 - 90.0 — as-welded
TAG do. do. do. do. do. - do. - g}'ipder
finished
TBW  do. 508.0 do. 205 do. -  do. - as-welded
TBG  do. do. do. do.  do. - do. - grinder
finished
TY2 do. 4064 190 16.0 49400 17.5 do. 45.0 as-welded
TY3 do. do. do. do. do. 119.1 do. do. do.
Load
Load @
l 5T o
g P e
t P d 91 /
AR Pin Joint AN Pin Jaint
d ﬂ /T—' 3
T 7 , 'I z ¢ 12}
’:;i h l_‘l\_ein - N ,-i{_ ! /, \' 2
- ‘ 4 . o - A - &
L i 0 S A N
x 2 2

Table 2; Chemical composition and mechanical properties of parent materials of
fatigue specimens (from mill sheet)

Chemical Composition (%)

Mechanical Properties

Specimen Si Mn P s Swess Seess  Flone
(MN/m?)  (MN/m?) P
TAChord 016 0.4 068 0069 0014 2740 4410 310
Brace  do. 015 069 0016 0050  255.0 do. 30.0
TB Chord  do.  0.14 068 0069 0014 2740 do. 31.0
Brace  0.13 023 097 0017 0080 3040 4700  26.0
TY Chord 015 020 096 0022 0016  323.0 do. 32.0
Brace  0.14 018 062 0026 0013 3140 4410 310
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x® 2.3

Table 3, Results of fatigue experiments
Applied Nominal Crack Measured Ditected
Test PP Stress Amp. rac Failure Strain Crack
Load Amp. Initiation .
Spec. (KN) on Brace Life. N Life, Ny Amp. Length
(MN/m?) e (x108) (mm)
TAW1 392.0 31.6 3.80 x 10? 1.55 x 10* 1610 2.0
TAW2 147.0 11.8 2.55x 10 2.55x 10° 603 13.5
TAG1 490.0 39.5 1.77 x 10° 1.20 x 104 3100 0.5
TAG2 343.0 27.6 2.10x 10* 1.50 x 105 1200 2.0
TBW1 588.0 18.7 5.75 x 10° 4.20x 10% 1080 5.0
TBW2 784.0 25.0 7.20 x 10? 1.50 x 10* 1250 5.0
TBG1 931.0 29.7 4.30x10°  1.90x10* 1950 2.5
TBG2 588.0 18.7 5.90 x 104 2.74 x 10° 960 —
TY21 do. 30.0 2.81 x10° 4.80 x 10* 870 3.0
TY22 980.0 50.0 2.30 x 102 6.00 x 103 1900 7.0
TY31 588.0 30.0 9.60 x 10? 1.70 x 104 1700 80.0
TY32 784.0 40.0 2.03x10° 3.93x10° 4260 7.0
Nc : Visible crack initiation life; number of cycles to initiation of a surface
crack of 5 to 20 mm long. This definition is available for the experiments
by the authors.
N, : Fatigue faiiure life; number of cycles to 20% drop of the maximum load
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Figure 1; Measured maximum strain amplitude versus crack initiation life for tubular connections
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EHRBOBEIZT AT N (Crack Initiation Life ) TEEIhTL 3,

& 2.2 THF, B 2.3 N.BLTKBF O CHEEREZERT 5, WROH
gy, WEIEME IJSSC FA BRI OER L IMEILOLTH B,

Wi, as weld &2°5 4 v#—4EW, Mild steel 80k W& K H LTHE
BEREeTay P LTH B,

D200 HBRBE — L0 EPRBIESHMEICKSBENRDY, 75405
— BT U BRROEFBERL as weld OBRBAKOW 2B THB LB TS,

Bg 2.3wid, Mild steel @ TY, KEF DS0%ERTFIERHR L 80k MO KFD50%
BEREHEERL TV S0, 80K MOMBRERIT Nild steeliTHE~ TR HMBENME
AR oY AT

B 2. 4wkt BREMERD, RBRERE 2 FL MS-XA—T ERELTH S,

COEERRE, BREBEIEEENS 2um~5mm Nl mTHRELLETH B,

FEEM» O AWS-XA —7'18 sa weld OFMEREROEEPRIZHY, 754 V¥ —{tL
TORBBEROTHIZH O I ENGM 5B,

2.5 2. 4R UEBSRER Y, T R EE RIS IE R REE Y
REEMEE Ne OBRT T FLAEDOTH B,

BIEQz AWS-XA —7 HRLTWAD, as weld TOIT.THEREHEBHLIT AWS-XA
—7A2TH->TWH3,

AXB T IS DERERECHot Spot Strain ZHLEWIREE KRS 2 HEEREL,
ZOREFTFEIC X BIEHEFWBEERL T BN, I TEEIET 5,
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Figure 8; Virtual elastic strain amplitude versus crack initiation life for tubular connections
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Table 2—Dimensional Parameters, K-Joints Used in
Fatigue Tests

Ret. Tast Chord ko Bwm - L ‘d Gap
No. Specimens D, 8. O0/2T d4/D /T deg.  deg. [
A 12,75 10.2  O.44  0.41 90 13 =0.116
3 11.3 0.46
< 1.3 8.33
b 19.3. 0.57
5 £ 1.3 0.33
2 11.3 0.33 -0.241
2] 19.3 0.57 0.116
24, 25 19.3 0.57 -0.241
7 19.3 0.57 -0.399
8 1, 2,3 8.625 23.4 0.4l 1.12 45 0,742
%, 5, 6 l l l #.010
37 8,9 ~.s22
e, 2, 3 22.9  O.kb  1.00 a.c27
ch, 5, 6 4 -0.025
¢1, 8, 9 45,257
9 s 4.00 15.4  0.42  0.97 0 . 50 6l
9 s 7.51 18,9  G.40 0.63 C..i8
10 1, 2, 3 5.50  17.9 0.4k  0.82 0.314
[ 16.6 0.46 0.76 0.179
5, 7, 8 18.0  0.55  0.82 0.214
3 16.0 0.55 0.73 0.179
16, 11, 12 17.9  0.66 0.82 0,224
13 16,0 0.66  0.72 0.179
14, 15, 16 17.7 ‘o6 0.8 0.¢°9
17 16.4 0.4k 0.7 2.079
18, 19, 20 ©17.7 0.6k 0.81 -0.214
a 16,4 0.6k Q.73 -0.214
22, 23, 2, 8 6.4 ¢Q.55  0.7% -0, 346
26, 27, 28 15.8  0.46  0.72 Y 0.214
u 417486 6.50  18.1 0.46 0.89 4 1 0,347
l 61, 62, 63 13.3 0.87
n, 13, 1% 11.6 0.57
12 b ] 18.1 l 0.89 0.847
" Jot 18.1 0.89 Y r ~0.154
13 1/12 41,5 13.8  0.43  0.33  84.29 42.71  0.102
1% 13, 14 41,5 13.8 0,43 0.33  8.29 42.71  o.102
15 SWa1 20.0 20.0 0.5 0.50 48 45 0.240

% 2.6

Table 3—Materials, K-Joints Used in Fatigue Tests

Meagured Tensile Properties

Ref. Test Macertal F\r' sl Fyr xsi £, 2
No. Specimens Chord Brace Chord Brace Choed 3race
5 ALl APL SLOT, B ewmve  ——m  comwe cmmom men e
6 Al —— e e m—en —— ——
7 ALL PSS
8 8 531 31.7 732 s4.2 23 15
" c 52.9 72.5 72.8 92.0 - 2% 15
9 F15 a 57.4  6l.4  §9.5  67.7 26 27
" K15 a0 46.] e 846 e 37 —
10 ALl JIS STK~41  47/56  emmww  57/71  ememe  J1/38 ==
23 Ted. 3 b —— 3.7 76.5 50.2 @ —— [
T=6.0 b S54.6 71.7 i 31 l
T=7.1 b 49.6 8.8 33 *
12 ALl STK=41 50.5 58.9 64.0 72.7 36 29
i3 /12 s cmmme  mmmm - o———
14 13, 14 e 50.0  ewmem 77,5 e 7 —
13 SUmi ASTM A44l S

(a) Chord: JIS STX-41 (vASTM A36)
(b) Brace: JIS STK=50 (MASTM A44l)

{e) Chord: sSTX=41
Srace: STPG-18

(d) Chemical Composition: C=0.20, Mnel.08, S$1-0.21, A1-0,03 percent



2y &, 5 &
B 2.6 el A R Y, 2L Ref 11,12 2.7, B 2,819,
M 2.6Tf>0THINE >0, [ <QOBEHOBENSH 5,

g
h p sind
h
— 1

f

; sineh
R, = P(cose. + -1
[-3 n :aned
6&

Ry
\ Re

Ref. eh Gd Rd/P RC/P Loading

No. deg. deg. Ratce, cpm

st@ 30 15 1.743  1.428 —_—

§(a 90 35 1.743 1.428 15

7 90 35 1.743 1.428 30

g(® 30 45 1.414 1.000 200

9 80 60 1.000  1.000 —_—
10 60 60 1.000 £.000 180/1500
13(® 86.29 42.71 1.467 1.078 —
162 86.29 42.71 1.467 1.078 —
15 45 W5 1.000 1.4 .- " me———

(a) Refs. 5 and 6 do not indicate which and of the chord
was pinned.

(b) For Ref. 8, series B, the pinned end of the chord is
at the top, free end at the bottom.

(¢) Load was applied to chord.

Fig. 1—Loadings on K~Joints in fatigue tests
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Fig. 2—Loading arrangements, K-Joint fatigue tests, Refs. 11 and
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(C) = compression
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(b) Reference 12

Fig. 3-—internal loads, trusses used in Refs. 11 and 12 fatique tests of
K-joim_s
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#£ 2. T RBRER LR T AN (humber of cycles to crack initiation) DERITSCERW

LOMELTEYE 2.8ICERT 5,
F #2, Nf (number of cycles to failure ) DFEEDBIHETIZAL WA, BEHEIRHIHO

FENOTENTERWEHNIN DAV EHEL LOBROEBELFNETESE, TENERCHE
THOMBTHBEEELONS,

F2HBNBEO-EERT, COERDOTATOHBRTY 5 » 7 ORANE GEEL
SERARHETH B ENHONTH B

75y FEESBPTIREE, EOMBEERL TV S,

* 2.8

Table 4—Definitions of Crack Initiation

Ref. Test

Ne. Spacimens Definition of Crack lnitiacion

5 ALl ”L represencs ‘the number of stress cvcles to viatble crack
inttiacton”.
$ E "During these tests the strains on a couple of gages were

recorded concinuously for a limited number of cycles every
100 cycles. The results were scudied for any changes in
strain level and nagnitude, which would indicate a crack
deveiopment and a change in the locai load transfer. In
addition to chis record, cthe specimens were further inspected
visually after removai from the vater every 500 cycies”.

.

7 F Not defined

§ 5,C Apparencly (per Fig. 4.17 of Ref. 8) a crack in cthe outside
surface about 2" long.

9 F15 1-11 "Cracks were observed, through a magnifying glass, on the
vhite-vashed surfaces of the specimens”.

" P15 12-16 A low-power micrescope vas used for crack detection. Finer
cracks could be detected by the microscope thaa those which
were detected by magnifying glass”.

10 Ja "Fatigue cracks were cbserved cn the surfaces of the as-velded
specimens through 2 magnifving glass. Liquid penetrant vas
spraved on the eurfaces of the specimens. The penetrant
bubbled out from the cracks under the action of pulsating
loads, vhich facilitaced the detection of cracks. The cnord
vas filled with surfactanc solution. Leakage of the solucion
demonstraced 3 formation of a crack that penetratsd through
the chord vall.”

{Ref. 10 does not indicate vhether the tabulated vaiues of
"eycles~tomcrack initiation” represent suriace cracks ot
leakage cracks.)

11 — Does not give cycleseco-crack initiationm

12 — Does not give cycies-to-crack initiation

13 L1-12 "Observations vere aade through a 10 power magnifyving glass.
The cerm 'crack initiation’' refers to che firsc visuai
observation of a crack.” g

14 3, 14 Visual. Figure shows 10:1:10«: aml sizea of several separated

"hntial“ cracks.

15 SW=1 "Crack ipitiation is noted ac 7100 cycles”. Ref. 15, Fig. 26, '
. indicates no crack ac 5500 cycles, abour 1.5" long crack ac
7100 cycles.

(&)
~3



# 2.7

Table 1—Summary of Axial Load Fatigue Test Data on K-Joints

]

<

4

s, katt

taf.  Idea. D, 4 T, <, n? a Gav, »? Cyeles

Neo. in, in. {in. {n. deg. day ia. Max, Mo Range E] 1 £ P
5 A 12.75  5.563  0.62%  0.258 90 bt 1,476 (Mo encries 3.2 14,500 34,500
2 " - e e 18.6 49,000 94,900
3t 0.562  0.258 cates: R = ~1) 23.2 6,400 22,600
2 23.2 7,500 19,000
3 18.8 35,000 106,000
s 14.0 150,000 218,000
a? 0.188% a.6 3,900 9,900
2 5.2 16,100 17,700
3 19.0 27,500 75,900
. 15.8 §7,000 45,600

5 12.6 382,000 -
o? 0.330 1.6 50 450
* 1.6 1,400 6,300
3t .6 1,200 6,600

1 /
o 0.562  0.1838 1.474 1.5 3,900 9,900
2 " -3.078 31.6 7,000 7,500
P 0.330 1.474 1.6 s0 450
s -3.078 3.6 4,000 4,000
5 o 31.5 1,000 3,000
'

7 n 0.330 0 188 -5.089 1.6 1,800 3,020
hd LI " - ! - 3.6 3,130 6,000
3 3t 8,625  3.500  0.18%  0.206 0 " 2.088 8.50 1.67 5.83 4,480 12,100
2 §.22 1.67 4.55 83,000 130,000
3 3.95 1.67 2.28 1.08%6 1,556
4 0.088  3.50 1.67 6.83 27,000 65,000
5 l 6.22 1.47 4.55 77,400 300,000
6 .95 1.67 2.28  1.36E6  >2.2E6
7 -1.912 3.30 1.67 6.8 82,700 133,000
a I §.62 1.67 4,55  448.000. 423,000
9 : 198 1.67 2.29  >2.086  >2.086
] a 8.625  3.730  0.138  0.188 s 45 1.786° -i1.65  -2.6% 3.00 3,010 20,430
2 l -8.5  -1.87 6.83 20,300 30,300

3 -3.9%  -1.67 2.28  1.3286 >286
4 -0.21%  ~16.0 -2.63 13.7% 7,100 33,500
s -11.65  ~2.65 9.00 219,000 239,000
6 L -$.22  -1.67 4.55  1.4986  >2.1E6
7 -2.214 -20.95  -2.63 18.30 15,700 35,300
8 -16.40  -2.65 13.75 31,960 70,000
9 f ! -'1.05  ~2.0% 9.000 2.00E6  >2.0£6
9 mnset 4.00 1,68  0.133 0.126 60 50 0.30  27.6 4.16 3.4 150 5,700
b 0.136 29.4 k.61 5.0 1/2 1,100
3 0.136 1.2 s.70 26.5 2 993
4 0.130 29.4 PweY 5.0 ) 2,030
3 a.129 1.2 .70 6.3 12 163
6 0.119 27.6 816 23.4 2 3
7 0.134 5.1 3.76 21.3 1,270 5,620
8 0.128 5.1 3.78 1.3 6.700 15,600
9 0.121 7.6 416 3.6 12 93
10 0.120 7.4 FT 3. - 79 297
1 0.116 3.1 3.76 1.3 37,380  >7.380
12 0.126 25.1 3.76 21.3 2 86
13 0.127 23.3 3.50 19.5 /2 4,360
1% 0.127 1.3 3.2 18.3 1/2 7,080
15 0.130 25.1 3.76 7.3 2 1,280
16 } ! 0.128 1.5 3.23 18.3 vz 10,209
K1s-1 7.51 3.00.  0.199 0.126 0 s0 1.3 26.4 3.93 2.3 12 6,550
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Tabie 1 ( Cont.)—Summary of Axial Load Fatigue Test Data on K-Joints

Ref.  Idea. D, 4" 1, e, el 0.S Gap, Sy kat® Cycles

No. in. in. in. in. deg. Ace. in. Max, Min. Range Mi Hf
10 Jh=1 5.50 2.40 0.155  0.126 60. 60. 1.18 14.7 50,000  S5,800
2 0.154 l 5.88  1.96E6  2.38E6
3 0.156 7.84 219,000 479,000
4 0.168 0.984 20.6 19,000 24,5600
5 0.165 0.986 16.2 10,300 175,000
6 3.00 0.153 1.18 5.06 - 4.29E6  5.21E6
7 0.153 l 8.14 120,000 299,000
8 0.155 10.9 56,000 79,100
9 0.172 0.984 20.2 3,900 11,300
10 3.52 0.156 1.180 $.91  1.41E6  1.92E6
11 L0156 7.22 347,000 924,000
12 0.154 12.1 45,200 128,000
13 0.172 0.984 14.4 28,600 52,500
14 2.40 0.156 0.433 15.7 71,300 107,000
15 0.155 8.33  6.98E6  7.32E6
16 0.156 11.8 280,000 496,000
17 0.168 28.4 3,000 5,800
18 0.155 -1.18 23.5 100,000 129,800
19 0.155 23.5 174,000 178,000
20 0.154 14.7 1.52E6  2.96E6
P2l 0.168 27.9 9,500° 16,100
22 3.00 0.172 -1.89 27.9 14,500 23,900
23 0.167 20.9 78,000 137,900
2% 0.166 15.1  505,u00  1.04E6
25 © 0,166 . 13.6  1.16E6 5.06E6
26 2.40 0.176 1.18 13.7 97,000 132,000
77 0.174 ‘ : 7.35 551,000 970,000
78 0.174 ‘ 9.1 796.000 1.1298
u* g1 650 3.00 0.18 0.16 45. 45.  2.257 11.2 — 70,000
42 6.5 — >2E6

43 3.0 —_— >2E6
45 17.8 —_ 9,000
46 13.4 —_ 50,000
47 1.2 —- 110,000
s2c? 17.8 —_— 40,000
43et 10.2 —— 450,000
48¢ 11.0 — 850,000

\

61 0.42 10.2 — 950,000
62 15.4 110,000
63 12.2 520,000
n 0.28 21.4 90,000
73 17.8 —— 350,000
7% 15.4 — 1.4E6
12 Jpe-t .18 5.51 11.2 —_ 18,000
2 8.8 _— 95,000
3 6.6 — 390,000
4 I —— 320,000
1641 -1.00 17.5 —— 30,000
s 16.2 — 235,000
\ 1.0 —_— 88,000
. 16.0 — 160,000
s 9.6 — . 1.4E6
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Table 1 (Cont.)—Summary of Axial Load Fatigue Test Data on K-Joints

3 e
2f,  ldes. D, 4,* T, o T ¢ap, ¢ Sy» kal Cveles
No. in. in. in. in. deg. dag. in. Hax. ¥in. jange NL :(!
a
13 L 41,5 13.0 1.50 0.500° 84.29 42.71 4.24 8.0 1,200 8,960
2 %0 8,900
3 1,200 10,600
4 3,400 9,790
5 730 12,700
§ 430 9,030
900 4,070
3 50 6,550
9 470 4,000 .
10 100 5,150
n 1,640 3.730
12 1 700 8,000
a
14 13 30.0 1,150 32,550
% ' f 4 \j ' 58.0 50 3,175

15 SW=1 20. 10.73 0.50 0.25 45 45 4.797 1.8 . -7.27 29.1 7.100 12,400

(a) d is che di of both b

(8) ¢ is the wail thicknese of the braces vith &= Qn. Unless otcharvise notad, the vall thicimess of tha brace vith
3 -ad is the same.

(e) 9}: = larger of the two angles bstween braces and chard,
ad « smaller of the two angles batveen draces and chord.

(d) Gap betwsen braces, see Yomenclaturs {llustratiom.

(e) S.o {s the cominal scress, ?/{we(d=t)], in the brace vich & = eh. The gominal stress in che brace with 3 = ed
{s given by:

S,(8 =8, - s, (sin0, /siae ) (e(d-e) |/ (e, (d=c )], vhere ¢, is the
wall chickness of the brace wvith 3 = ed'

[€4] “1 = cycles to crack initiacion, N! « ¢yclas co failurs

(g) The wall thickness of the brace with 3 = ad is given as 0.258".

{h) From the number of cycles, it appeacs thact Cl is a duplicace of 21, DL i{s a duplicate of El. However, the cited
References indicace thac the wvall chickness of the brace with 3 = ad 18 0.258 for Cl and D1 whereas chac vail
thickness 1s givea as 0.188 for E1 chrough ES.

{1) The chord tubas of specimens 02 and D3 were (illed with cemenc grout.

(4) A couscant couprmssive load of 140,000 lb vas mainctained v the chord during the fatigua cescs. During the fatigua
tests the specimens were qubsergzed in a salt wacer (3.5Z NaCl) solutiom.

(k) A constant cowprassive stress of 7.0 kel for specimens J-41 through J-48G, 5.3 kai for specimens J-61, -42, and -63,
4.9 ksi for specimens J=71, -73, and ~74, vas maincained on che chord duriag the facigue cesca.

{1) Specimens J-4Z aad J~43 were first tesced in an as-welded conditioca 2o 2 x ].O5 load cycles, ac vhich no facigue
cracks were found, and were subsequencly tested as J-420G snd J-43G at & higher scress after grinding welds o
a concave profila. Specimen J-43G welds were ground to a coucave profila prior to fatigue testing.

{m) A conscant compressive stress of 7.1 ksl vas saintained oa the chord ducing the facigua tests.

(a) These specimens are differeat from othar specimens in chat:

(1) cthere wvas a 36" "pile” inside che chord; the pile wvas 36™ O0.D. x 0.375"” wail. The anaular
space becween the chord ind pile comtained a cement grouc macecrial.
(2) there was another X-joinc, of the same eize, ..cated 90° (.ovud the chetd from che loaded
K-joiat.
(3} che specimene vars described as:
Properly fabricaced L, 12, 3, W
Repaired L5, L6, L13, L14
Defactive ln fabrication L7, L8, L9, L0
Actual Structure 11, 12
{0) The wall thickness of the brace with & = ad vas 0.625%.
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Table 5——Faflure Locations, K-Joint Fatigue Tests

Ref.

No Series ) Description of Failure Locations

bl All At toe of welds. About 501 of the cracks vere in the chord vall,
502 {n the brace wail. All specimens except 3~4 and C-) fafled
around the brace with 8=90%; B=4 and C-) falled around the brace
vith 8=35°,

6 El Toe of weld in brace wall, around brace with 8=90°

E2 Toe of wald {n brace wall, brace with 8=35"
(Final form of failure not apparent from Refersnce)

E3 Toe of weld {n chord wall, around brace with 8=90°

E4,ES Toe of weld between the (overlapping) braces, in the vall of the
brace with 8«35°.

7 F1,F2 "Crack in diagonal member” (Presumably in weld at brace with
8=35°.)

8 81,2,3 Toe of weld in chord wall, around brace with 8=90°

B&~9 Toe of weld in chaord wall, scarted around brace wvith 8=290° buc
propagated around both braces.

& C1-9 Similar to B-serias.

9 F15 "Fatigue cracks wvere usually found on the chord surface alang
the toes of the brace-to-chord welds”. First cracks and fafl~
ures occurred around tension-loaded brace.

10 All "The joints with extended braces (gap>0) developed the firsc
crack at the toes of the brace~cto-chord welds, on the crowm
vhere the two wvelds between the braces and the chord approached.
The cracks extended first along the wveld toes and chen alse
incto the chord wall”

"In the joints vith averlapping braces, the firsc cracks usually
appeared at the points wvhere the three welds met. Final fatlures
ware mostly governed by a separation of a brace fros the joint.”

Judging from phocogtaéhl of typical failures, cracks in foints
with ga0>0 were in che chord wall; cracks {n joints vith gap<Q
were through the brace wail.

11 J Toe of weld in chord wall. Crack started at erown, progressed
sround brace.

12 JPG (Joints with g»0.) Saoe as 11

JPM (Joints with g<0.) At toe of weld between the braces, in
brace wall.

13 Li/12 "The initia} cracks verr often preceded by a series of short
cracks vhich withiu 10 to 20 cycles would grow into a single
crack. In jenersl, these cracks were ocbserved as surface
cracks in the chord walls along the wvelds.”

"“The cyclic loading vas normally terminated after the develop~
went of a significant tearing of the branch wall.”

14 L12 Photographs indicate numerous cracks at toes of velds and
theough the welds. The major crack vas at-the toe of the
fillec veld {n the chord wall around the brace with 6=84,29°,
Some cracks scacted at the toe of the weld, then turned
parallel to the chord wall surface under the weld; termed
“Lamellar cears” by Ref. 14, Weld roots vere poor but only
minor cracks at veld roots occurred.

14 L4 Phocographe i{ndicate that che major crack vas ac the toe of the
fillet weid in the brace vall, around the brace with B8e=84,29°,

14 L1/14  Ref. 14 states that Specimen L13 failed by cracking through the

13 "“can" (chord), and "This was the only faflure of this type
observed in the total of 14 specimens tested.” Presumably the
other 13 specimens fafled by cracking through a brace. Ref. 14
indicaces that “"cause of failure" wvas "Diag. Tearing” for all
except L5 and L10, "Horiz. Fracture” for L5, "Horiz. Teariag"
for L10. "Diag."” presumably refers to the brace with 8=42.71°,
"Horiz." to cthe brace with 6=84.29°.

13 SW=1 Crack initiaced at toe of fillet weld in chord a2t the potnt of
nearest approach of the two braces and grew normal to the chord
surface and around the brace. .
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4 ) BERAEIR D el
i) Nf vs Vp (range of punching shear stress)
ABREEREANS D1.1-70 &t LizonB 2.9Th 3,
EET (1), (2) OEBEF v » 7HEHEGEA —"—3 » 7OHEGOWBRR DL
T, TURO 2 REBBRIEANS K-curve ZRLTH Y, #BHERO A A ER ST SRE
L26 (97.7 %) BFERELLTKDZBDTH S,

100 Y T 1 TTY ™ T T T T v S e e e o o e ™ Tr—— ——— T e e e

(19 * gap > 0
(2) st gap < @

<

@ Rat. 12, large gap

2 @é Ref. §, Lomersed in salt vater |
- €3]
>

h

Punching Shesc Stress Kange, Bruce With 6 = 8

1.0€+02 1.0€+91 1.0 «0Y 1.0E 0§ 1.0€ +0 4 1,0E Q¥

Cyclas~co-Failure, )!E
Fig. 4—Comparison aof V, vs Ny with AWS K-Curve

2.9

7, RBRERONHERDRECHRTRT &N 2.10.K 2.11 0L51ik 3,
B 2.10 2%k H 2.11 Q3R TEKDADDTH B,
B 2.12 13tk {k o “ HESHER ” £R$TH DT, Small & 7.51 ing (19em) EUF, Larger
& 12.75in¢ (32cm) PLEDHETH S,
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r1g. S--Least squares fit using Eg. (6), K-joints
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i) Ni vs Vp
B 2,13 w2 Ni  (cycles-to-crack initiation) & Vp (Punching shear stress ) &O

&ﬂ%%j‘_\.g‘o

(1) *gap >0 7
(2) x gap <0

., VP, kel

AWS K-curve —N

Punching Shear Stress Range, Brace with 8 = 0.
—~—

1 " embnminabambedadn A mremmemmmirebardbrdbudh oo e rmmmbemboent s . irmabrssmmdagednhaied, P

1.0€400 1.0F <01 1.0E 02 V. 0€+01 1.0€ 0% 1.0E 08 ). 0€ sat 1.0€

Cyelas=to=Crack Infitiat~n, NL

Fig. 8—Comparison of V,, vs N, (crack initiation) with AWS K-curve

B 2.13
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D BWOLEAB ZEE, FroTObMF (g>0) TIEAWS —KeurveTHS
NBNL, Vp 5 0 BDEHEELIMOHLENSIZLTH S,

ULinl, d—nN—3 o 7i#F (g<0) T, AWS —KcurveTHFINBNL, Vp T2%
UL s 50 2 ERELRTVI &SR3,
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i) Nf vs Sb “fa’

APT RP2A, Par. 2. 220 THESN TV 2 FFIHTE & OMBRLRYT 5,

Shik 7' L — 2 DREHELAHIA, fa " ZAPI RP2ACHREINTV S, 7 L — R OFIIFTRIE
HEIL 1T H B,

B 2.14 &= Sb “fa” &ENf oA FPLAELOT, I 2.15 T gaphd 3 Kl
FetiErREVES (BE 32 cnllh) &3 0IES EE 19 anllF) 2RLTH S,

#2.10 Wl 2.14 . B 2.15 WoRLAEBRO#BERETT,

* 2.10

Table 6—Summary of Correlation Equations, Fatigue Tests
of K-Joints

Cycles Stress No. of Group [4 n ] Fig.
Tests
L VP 90 g0 3.53E8 -4.25875  0.5220 -4
24 £<0 9.09E8 -3.80503  0.6203
l(f VP 37 large, g>0  5.52E7 -3.51534  0.2982 3-7
33 small, g>0 6.10E8 -4.46538 0.6167
11 large, g<0 3.31E8 ~3.724664 0.4397
13 small, g<0 1.57E8 -2.75313  0.5722
N, v, 76 820 1.31E10 -6.71939 1.0190 3-8
21 g<0 2.13E9 -4,26589  0.6275
/
,
Ne Sh/fa 90 220 1.26E5 -4.25868 0.5436 -9
2% g<0 9.82%S =3.52741 0.6510
v
Nf sb/fa 37 large, g>0 §.48E4 -3.33191 0.3392 4-10
33 small, g>0 1.69ES -4.53614 0.5138
Ne 1.Sb 37 large, 220 1.26E11  ~3.33182 0.2995 s-1

small, g>0 1.1BE14 —4.94877 0.5688

£ 210 TOLBRLTo@Eh TH B,

C. n : BLTHEETKDILEROER
o RERE
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iv) Nf vs iSb

“hot spot stresses ” &ilERER & ORERAETRT,

%3, Kuang flhiC & D BIR S nMaddoxic X D EE S NGB D REEER %
# 2.11 R,

£, BFHBRCBOTKBFCHOARAOEIREER 2.12 T,

B 2.16 w3k 2.12 R Naddox,Kang D, TRD L BRI HEHHRE

(maximum S. C. F.) i Sb (Fur—ApEHEEHHRE) 28137 “hot spot str-
esses = & Nf &OBRAERRT 3,

[EIZAWS-X-Curve dRLTH 3D, I OAWS-X-Curve WxfL TiL, NEASK&ELAK
5 EAWS-X-Curve ZHEZEHTH 3D, NIAVNS KRB EBEAETE RO ENgh b,

C OFEEE, HEMICHEL O HEBEL D “hot spot stresses T ANEBWEET
SEOHENKE VLD TH B LBRT B,

ZDRD, COBWRTIHBHRBEEZ ZUEND 5,

ASME Code, para, NB-3228.3, FHFH 77 v I EBfmO &Rt ¢ M/ RITE ©
BEAs D, B 2.17 i 2 OFETHEL iR, KRR LS X-Curve DHBE
R

EIEA & AWS X-Curve (XASME failure curve & FiTEHR o TNB T My 3,
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Tabie 7—Kuang/Maddox!® Equations for Stress Concentration Factors (S.(:Z.F.)“’

NN

n, n, n n n n
S.C.F. = C(2y) 18 2t S(D/L) *(g/D) ° (sing) °
Joint b c £ Specia]
Type Part Load c nl nz n3 nQ ns n6 Limie
T,Y Chord Axial 1.177 0.808 d 1.333 -0.057 o} 1.694 ——
T,Y Brace 2.784 0.55 e 1.000 -0.12 o} 1.94 —
K Chord 0.949 0.666 -0.059 1.104 0 0.087 1.521 30° <8<9g
K Brace 0.825 0.157 ~0.441 0.560 0 0.058 g 30°<B<9g
X Chord 1.26 0.54 0.12 1.068 0 o] 1.00 —
D-Brace 5.65 0.1 -0.36 0.68 0 0.126 0.5 §<45°
D-Brace . 12.88 .1 ~0.36 0.68 ¢ 0.126 2.88 8>45°
N-Brace Y 4.491 0.123 ~0.396 0.672 0 0.159 2.267 —
s Chord I1.P.M 0.463 0.6 -0.04 0.86 0 ¢ 0.57 ———
T,Y Brace 1.109 0.23 ~0.38 0.38 0 4] 0.21 —
X Chord 1.40 0.38 0.06 0.94 o] 0 0.9 ——
K Brace Y 2.827 0 ~0.35 0.35 o] o 0.5 ——
T,¥Y Chord 0.P.M 0.465 1.014 0.787 0.889 0 ] 1.557 8<0.55
Chord 0.199 1.014 -0.619 0.889 o] 0 1.557 8>0.55
Brace 0.803 0.852 0.801 0.543 o] V] 2.033 B<0.53
Brace 4 0.420 0.852 -0.281 0.543 g o] 2.033 8>0.55
(a) The limits of applicability are stated to be:
8.3 <y <33; 0.3<f<0,8; 0.2 <T<0.8; 0.01<g/D< 1.0; 0.05 <DL < 0.3; 0 <8 < 30°
[b) Part in which stress occurs. For TK joints, D-brace = diagonal brace, N-brace = normal brace
(¢) 1Load:
Axial I1EM QO P.M
T. Y K TK T.Y T.Y

\ /
N7
L }

L

b

@)

(e)

)

(g)

o

Replace B 2 with EXP(-1.2ﬁ3)

Replace 8

For TK joints, g =

gy

with EXP(-1.358°)

n

Replace (sin 8) 6 with EXP(1.448 sing)
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= gap between the other diagonal brace and the normal brace.

3 + 8yg» where gy " gap between one diagonal brace and the mormal brace,
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= 2.12

Table 8—Stress Concentration Factorst® for K-Joints Used
in Fatigue Tests

sef. Test Chord Brace
5o. Specimens 8~ £y 8 - Ed g = Bh g = Qd
s A 2.42 1.81 4.37% 411
i 8 2.92 2.18 wne 443
| c 2.06 1.54 3.95% 3n
i ] 5.28 3.96 5.78% S.44
6 £ 2.06 1.54 3.95¢ 371
s £ 5.28 3.96 5.78% .46
s 81, 2, 3 13.37 11.16 9.38 8.68
I B4, 5, 6 10.81% 9.02 7.80 7.22
c, 2,3 11.494 9.59 8.44 7.81
] 3 6.p0* 6.80% 6.48 6.48
3 K1$ 0.3 .36 5.37% 5.37%
10 5, 2,03 6.39¢ 6.19% 5.94 5.94
4 s 5.36 5.36 5.58% 5.58%
6.7, 8 6.25% 6.29% 5.4 5,66
) 5.02e 5.02¢ 4.95 4.95
10, 11, 12 6.05% 6.05% 5.02 5.02
3 4,97 L.97% 4.61 4.61
14, 13, 16 5,97+ 5.97» 5.61 5.61
17 5.02 5.02 5.29% 5.29%
f 26, 27, 28 5.04 5.04 5,47 5.47%
1 41/486 5.23% 5.23% 4.99 4.99
| 61, 62, 63 3.14 3.14 4.08% ..06%
1 7, 73, T4 2.33 2.33 3.60% 3.60%
12 IPG 5.554 5.35% 5.26 5.26
13 1712 2.30 2,42 4.02 4.22%
% 13,16 . 2.30 2.62 4.02 4.22%
15 6T 2.87 2.87 337

3.3

3) These stress concentrations are calculacted from the equations shown in
Table 7. However, they are adjusted for the brace with €= £ so
that the hot spot stress range is always the tabulated S.C.F. times
the nominal stress range in the brace with 8 = eh. .

p———

m ; r st T T—————rT T Y Porrer=
r -
] (1) * large, gap
r 1
{2) =x small, gap
4
-
L3
-
>
g
z
o
®
= 100
a0
-
@
&
e
-
"
-20, large, g > 0 ~ RS
\\\
L -
\\.J
ID & e " Iyl A s A & b o . U S W N W A | i i RO SR S DY S 8 s i
1.0€Fe07 1.0E o€y 1.0E 204 1.0E «08 1.0€+08 V.0f e0?

Cyclea=to~Failure, Np

Fig. 11—Comparison of caiculated hot spot stresses, /Sy, with AWS X-curve, K-joints
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1000, T T e e e NI i -y et
* large, gap > O -
4
x small, gap > O
1
4
+
1
-
-
-
)
w3
-
g—, 1oa. } 4
3 ! ~ ASME Failure Curve 1
-
i s Mod1£1ied /\\ . 1
o AMS X-curve \ 4
v 1
. It 3 \__“4
T
L ¥ _‘
AWS X-curve /
L
e PR Y N S . “ ik . ke i e ddd Lk ; N i
1.8 +02 1.0E«02 1. QE »q* 1.0€ 08 1.0€-04 1.0F «07

Cycles -co~Failuze, uf

Fig. 13—Comparison of cafcufated hot spot stresses, iS,, with ASME fatigue evaluation method, K-joints 2.17
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(2) T # F
1) # & &
koIt JE s A -2 % & 2.13 OFRT,
A LB oS L O3 RRBEERA R 2.14 TR,
HalRE, T, B 2QRAREELTORL, £, REBECE2 50 2 0FE

DL L THEN,

% 2.13

Tabie 10—Dimensional Parameters, T-Joints Used in
Fatigue Tests

Ref, Test o, ™ 8= ™ LD v,
No. Specimens in. /2T d/D /T ia.
18 SA 2.25 2.5 0.23 0.76 4.0 0.134
sB 2.5 0,44 1.02 4.0 0.0%
sC 2.5 0.67 1.20 4.0 0.092
50 2.5 0.89 1.09 4.0 0.056
SE 14.6 0.4 0.61 4.0 6.103
19 G 4.5 10.7 0.33 0.90 4.0 0.33
8 F 8.61 22,8 0.44 1.02 4.l 0.291
L N 8.625 21.3 0.43 0.97 4.1 B
T 8.625 22.2 0.4k 0.97 4.1 s/
20 L 19.68 19.7 0.40 0.50 5.4 —_—
15 sW 20.0 20.0 0.54 0.50 3.0 —

(a) v 15 zhe length of the weld leg measured from Che oucside surface of
the brace to the toe of the weld ac the chord surface.

% 2.14

Table 11—~Materiais, T-Joints Used in Fatigue Tests

Measured Tensile Propertias
Ref. Test o

No. Specimens Matertal Fv' “si Fu' ksl El.. =
Chord 8race Chord Brace Chord Arace
18 ALl —— 37749 45/58 L7785 51/61 46/862 31/50
19 MG as 4380, 40/50 62/12 20/36
Gr. 43C
3 F APT 5L, 83.5 63.0 7.5 79.6 19 17
N Gr. B 60.0 61.0 71.0 79.6 . 18 17
T 50.5 88.0 62.0 101.0 27 16
20 L — —— ——— — cme— o— —
5% SW-i (a) — — e—— e e

{a) ASTM A=36 for chord, ASTM AS] Grade B for brace.
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2) BRI
M 2.18 W N TOFRBO M ERNEELE RS,
COMEBRTIE, EECHTRRANREL, COMIIGHEZEOMEBRIE OS] 2.18

R,

appear tao be fixed ends.

?_ Q Pinned ends, except Ref. 19;
|

L
p/2 - Pr2
Ref. L, £ /s 2 Loading
No. Specimens in. » b Rate, cpm
18 SA 9.0 0.683 1800
S, SBP 1 1.861
sc 3.266
so 4,007
SE 1.147
19 MG 18.0 1.023 900
8 F 35.0 1.833 —_—
N 35.0 1.733 —
T 5.0 1.738 200
20 L 107. ° 1.136 C—
15 Sw-1 60. 0.849 —_—

(a) f. « nominal bending stress at cencer of chord = PL/4Z,
for all except Ref, 19

2 = (=/32)(0"-0}) /0
D, =021
£,75, - sw(d-c):/(n“-o‘i); for Ref. 19, use & instead of 8

(b) Length between pins was sowmewhat longer; perhaps 151 longer
judging by scaling of drawing.

Fig. 14—L{Loadings on T-joints in fatigue tests

B 2.18

TANCORBEFENHITH 3, CNEEROBEBEMORT LT, 752
BB BRI T, BRSO BB R LB LiEbEmE s B,
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3) ikBREE
£ 215 CHBRERATRT, 750 s REOERRIHATRELE 2.16 R,

* 2.16

Table 12—Definitions of ‘“Crack Initiation,”” T-Joint Fatigue

Tests
Rmf. Taac : " "
No. Specimens Definicion Of "Crack latciacion
13 ALl hord filled with kerosene, kerosena lLeakage
19 G Chard pressurized with air ac 20 psi., Atr leakage caused
pressure drog (of some unacaced amount) which shuc down
(LT TN
3| F Yisual, magnifying glass
l N Yot scated
T "Tnspaccion”
0* L “Crack scarted ac the hoe spo¢ actains abouc 20 om,”
5 SW=1{ “Crack noced on ficse inspection"

(a) Raf. 20 also gives values of N¥ where ¥N% {s che "number of cycies vhen
the strain amplitude starts co drop ac cfie measurad point closest <o the
hot spo¢.” Thesa cycies are 600, 3100, 12,000, and 70,000 for specimeas
L-i, L~2, =3, and L-4, reaepectively.

BEOERICOVWTIEHK - fF LERRTH 2, £ 2.17 HBAHEEATRT,

% 2.17

Table 13—Failure Locations, T-Joint Fatigue Tests

Ref. Tesc

Yo. Spac s Oescription of Failure Lacacions

18 All "The fatigue cracks in nost specimens (nitilaced ac che
points of stress concencracion near the coe of the veids
at the center section of the chovd, In general, thete
ex1isC two poincs of peak scress concencration iam eacn
T-joine, 180® apart. The {irsc crack was found ac
either one of these potnts. As cthe number of cycles
{ncreased, the second crack deveioped ac che acher 2oinc
of scTess concentracion., Most of the cracka propagaced
along the toe af the waids. <“hen the first and seccnd
cracks extended ¢0 i cerzain lengeh, a portion of zhe
chotd wall ac the crown vas suddenly corm.” (Failure is
defined as complece separacion of chord from brace.)

19 G None given except by the sencence: “Some of the {nitiai
tests were rescartad after recording the cycies to the
firsc chroughecrack and 3ctempls vere made o measure
che length of che crack as (¢ grew around the veid zoe
toward the crowm.”

L] 75N None ziven.

T The facigue cracks fa all T-joincs {aifiaced it che
poing of stresa concencracion So." The locatioa of SQ
i3 not i{dentifiad.

20 L None given.
15 SW=-1 Phocographs indicace cracks initiaced ac toe of weid ia

chord wail, propagaced around the orace uacil, ac final
failure, che chord vall was severed all around.
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Table 3—Summary of Axial Load Fatigue Tests on T-Joints

Table 9 ( Cont. )—Summary o( Axial Load Fatigue Tests on
T-~Joints

[ R VR . 1 < t b Ll Sreles Mt lem. 0, . . € L 5 ihet)” Sreles
.., (. ime e n. nan, Ua. lowes .l '[ e, =, ia, -, ia. ia, Ran. ., isnge l‘ l!

18 saet .13 a3 G.0M 2013 1.0 (30 waecies uader 10,7 43,008 178,000 1 e .3 LTI B 1. u. 10,000 _
1 ity v s s00e 1 ts. 32,000 -_—
3 8.7 148,000 138,008 3 1. 100,000 -_
. . 17,500 39,300 : -, 108,000 —
s u.e 33,700 17,000 3 . 3. n0,m0 —
. n.s 8,300 101,000 . LY 440,000 —_—
1 10.7 30,400 124,000 ? ns 200,000 —_—
[ Nl L Ll ‘ (% Lage —_
’ %3¢ 116,000 113.008 M 1.0 t.oes —
0 t it.s 43,00 19,500 10 it 300 -

11 +.8 AL208 —

et .13 Lo0 0.0 0.087 Y0 a0 1s.00 43,300 Bt 8 ot -
: s.1° — 1.2828 13 (1 X —_—
3 Sl 181,000 +43.000 s L S48 Al e L las 3.080 1.0
N A — {128 1 [ i 307 G9T  4u0 0,800 7,600
3 641 11,008 138,000 3 b H t 3.07 6.9 A0 57,400 13,000
. %11 +4,000 182,000 -1 .41 7S 0.2107 o9 35.0 516 1.57 5.3 4,400 13,000
, &1 120,000 m.m, : { L6 L7 e 6200 14,600
' u.uf — >7.700 3 L6 1.37 .39 1,200 20,200
’ 3427 e W3.000 . G L7 sy 1,750 7,900
" | ST AL 3 3.34 .02 a2 9,000 73,200
u L 12%,000 . . fw e 2 w000 19800
@ (84 32,900 14 ! LK 1,02 12 17,240 46,000
v wu 312,008 ] . M L; s 3,800 14,300
3 8tz s 3180 13,9%

s e 2.068 0067 9.0 12.8 1,100 19,508 w 8 L0282 3,200 1,820
s 1.99 7.7 19,008 u [ R ¥ * S W 1% u.200
N 2.9 1,300 3,800
1 b9 5,500 10,100 ™ ses L 0.1% 0.8 158 1Ln 162 229 47,000 939,000
» L10 34.%00 33,100 z 1n 167 729 . 161,00 331,000
19 1.000 .00 ) PR 162 I3 KZ2.000 49,000
» 440 19.300  ss.t00 B L8 L oias — sLum
2t 1.9 1,300 (R s .38 L3 LI -_—

1 1.8 1.2y Ty — 23,0588
2 ) 1.3 - 58 70,08 8300 ? T Ly s 7.300 13,408
13 S -3 3% 95,6000 133,000 s ! 6 Las s 7.100 16,900
u [ RN R ] B0 74,209 ’ t “n 1.4 .42 LIe,000 764,000
3 S.06 -.a5 .78 33100 - 52,508 . - .
" 135 0% S48 TLM0 199,000 10 e L7 0.1 8.0 M Lés - 142 €3.000 13,000
i S8 w0 Sy Thew  13R.000 u z L 342 %4000 104,000
o 2 LM% l4s s 1.150 s.870
1 ENY %) 193,000 315,000 B ! i et s b2 110 el
» 1Y s.47 14,900 1,000 . 1 ’
Tt ! 4 4 (%Y 15,100 —
3 u.t 587 5.4) 199,000 13,000 v ; l
X 1-8 4 ! Y ‘ (W) 1,100 —_—
" .76 0,88 Az 108,000 133,000
w .70 0.as LY 115,000 133000
20 [T N I N o.50 a1 on. [ X 00 J—
. A7 LTS 508 ie.0 128,000 |
» s.a7 109 5.7 41,000 108,000 ! l ‘ e 100 -
3 1. 7.000 —_—
w 08 L 4TS 17,000 39300 . . ¥ ' l s L6000 —_
w $03 130 6.3 .0 ae08
a2 O A . St 13 Ml 70,00 10.78 630 0.2 W Wk L 1 m 00
o 456  -0.08 5.0z 200 131,000
“ 1.7 26 .l 1,002
' a.7 bl 129,009 (8) 3, te the ammtnal scress, P/se(dnt)|, 1a the bemsa.
- 4% @08 .02 183000 370,008
N (3} 38=8 16 indinaced as ¢ "rusevnc esimes”.
1 Wes7 223 108 3.0 2087 s.0 87 Lo s 45,900 08,000 (€} Mtorvace (3 the sams vec of tmilcaces chag Shel, Shed, SB-4, SB-9. snd $30-1 vere
vy 3. 70 9.8 .82 104,608 192, o et $, {wi =0 enemar uu:-:x i ow oS (wax.) par laf. 18. If Wal. 1 13 corvece, the veiwss
of % (ratiga) are eme—neil of comel cnevm.
. .42 93,300 113,900
° 109 .00 13,590 @ r:: -r;:-::-:u- ol taecs o T and T3 -:‘nm osttese cangus. Cyelesmco=fallurs sre sae
. a2 v 1 naes %100 T Only che scress ramgs 1s sivea: 1.e. mec S, (max.} ef € (mia.).
s 22 1.5 (%71 n.908 19,108 {8)  Toss acopped and epatinem coctiomed (we crach ¢iew msumcomsuia, Crack wae 2.03° lemg wieh 0.061%
4upth s Che cwatar.
3 5.2 A0 413,008
(23] t 1 lure (crsck prwmasstirs arwead brace) were sdewmc 1.15 times
" . - e creleveaerast (aitistion. Valees of K ¢ Loif 4wy vesd 12 stsuiscitis evaluations amd sre
samz . . . - {igwrea.
N : .98 5,000 L300
N b 2. 3500 1,600
=t 1.28 150 Q.04 0.0%3 1.0 3.9% 72,000 142,000
1 st 3,500 sa.e00
3 (W1} 24,000 36,200
4 8 13,300 b, 400
s 3,93 4,100 104,000
. .9 49,000 101,000
y s.a2 121,000 183,000
. sz 18,500 143,000
y L 12,200 137,000
1 ‘ ] .12 163,000 sa.00
u =t 223 .00 9,068 0.0%0 .0 427 147,000 438,000
1 136 60X 332,003
1 S 13028 +.ioee
. sar Lare.  l.ems
; b7 LA sums
et 223 L.00 a.017  9.087 1.0 1.7 008 137,000
2 [ | 13,8 134,000 293,000
3 3.4 A17,000 502,000
. i 2.7 7,000 ee,0m
s .7 763,000 109,000
. S0 1928 taim
13 . Lisse  snaes
N 1.4 130,000 138,008
N 12.7 LA i.00ED
10 1.y 133,000 \a1.000
u LI — 000
1 16 LTI SN
o [t 9,000 10,000
e 1998 162,000 172,000
18 4 14 t It Loasch Laiss
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e, Vv

Punching Shear Stroas Rang

i) Nf vs Vporip
B 2.19 Nf&Vp (Punching shear Stress Range ) & ORRERIRT 3,
BT smallid, FEOBEEA.5in (11.43cm ) LIF, large WEEDHEHEBEMN
8.625 in (22cm) Ll EoftikERd,
F 2.18 B 2.19 WRL & 2D OEBROBEERT,

¢

T ————— T ' T—————rT Y Tr——

(1) * small
(2) x large

AWS T~line ~
~
~
\
e e oraar ek i drevedoamorrmmbemdiandmck . it ensomiaminadon " N S G W ~—
§.0F <02 1, 0E -0 1.0f s0 | . 0€ +05 }'.0(‘06 1.0£ <07

Cycles-to=Failure, Nf

Fig. 15—Comparison of V, vs N, with AWS T-iine

B 2.1

VpOf#iik, APl Fig 2.22-1 XKD BOTH 3,

B4 2.19 T small& largelC KEBENFELTHAEDHE, 12DWidE 2.15 R
BRED NS A =2k BBORNKE Vp OHEFEICDH B,

API OHEIC LN, NLF VIV —OEEIR 7 d - t) T ThHEINERE
Bhwdl LEZOHND,

Fi, BBORENBRBBIMRTHE2I &M, NYvF VI or—ERE 7«
(d +2w) TWWEHWEELELONDS, TITWIRE 2.15 WRLAETHREAREOR
ETH3, Lah-T, DEBHBREETENLZNNVYF V7 vy —ERN ERL T
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WaEMOTH B,

COBBY— FHOEEARELLSVF VS VY —nH Vo ARV TG R A

Ty b UREREE 2.20 R,

160, e T T T T TTTYTY T T

.3

(1) * smail
(2) x large

3 L
e
-
-
s
= ~
§ -
e e}
- P~
i~
e o -
<
E b
F 1
- B 4
<
S
0t 1
3
3
A
o B
L. N S W E T S S S S N e i i .
1.0€+912 1.0€9+073 I.0€ ege 1.06 »05 s 1.0€E =06
Cyelas-ce=Ffailure, N,
Fig. 16—Comparison of V; (shear area at weld toe) versus N, with AWS T-line
B 2.20
# 2.18
Table 14—Summary of Correlation Equations, Fatigue
Tests of T-Joints
Cycles Stress  No. of Group c [ '] Pig.
Tescs
L8 vy 98 small 1.70E8  -3.44186 0.5474 15
24 large 1.65E7 - —4.00810  0.1701
.
N, v 98 small 1.12E8  -3,69246 0.5366 LB
2% large 6.06E6  -3.86319  0.1807
N v 94 small 1.95€7 -3.01787 0.6226 17
25 large 1.15E7  =4.27409  0.2506
¥, v, 26 S8, R = -1 1.39810 -5.89641 0.2831 18
2% SB, R$ =l 2.71E8  -4.28608 0.1682
. .
X, S, /f, 98 small T.AGES  ~4.56297  0.3696 19
2 large 2.32B6  <4.13690  0.1640
N, is, 98 small 1.04E14  -3.94736 0.1809 ,q
2% large 2.36E13  -4.30998  0.1644

87



[NY ]

Punching Shear Steena Raaee, \",.

a

1.0f «62

B 2.20 T smalld largel @R 2.19 KO B STHBN, FLEREXR
END B,

CORABEE ERED R L — XZREN, BEIES, BEOBE, 75—
» PRBLIHD F—2 5 7 OMEETHBEEEL oNnD,

LML, AWS T-Line idlarge 70— 7 D26 (97.T%IEMIRER) BLOMEDIE
WEPZAIELTE D, B 2.12 B TANS K-Lineltlarge 2 —7"0 - 208 &3
W—BL B & &L T, AWS T-LineldK-Linedk 9 B2{IIED & Nl &atii
WA 3,

i) Ni vs VP

Ni (255 2 DFE) OF:EEE 216 LD, KESEIEOREK T S
JETELELTH S,

B 2.21 i Ni & Vp &OBHRETRT,

S SR | T o7 00 SR S S 1 " T T T
B
(1) * small b
(2) =z large 1

o Ref. 20

@ Ref. 19, fixed ends
on chord

~— ~J2 . . s . .- . N - ® - .‘@ ° .
~— X T o e yeie . Y
\\\ ’ e, ., . o =
)/)\\ . v ]
rge ~ "~

-2, la
\ Yy 1t
=

S

~
~

. ~
o . r\\
° AHST-line/\\\
\
~
1.CE8 +01 1.0E 0™ | .O0F +05 1.0F «04 X:DE'Q

Cyclus~to~Crack Inltiacion, N,

Fig. 17—Comparison of V,, vs N; (crack initiation) with AWS T-iine

2.21
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B 2.21 DAWS T-Lineld 7 5 v 7 RACEHL CHREMTH L EAERL TV B,
g, BIETH small & large ODEEIIEHKEL,
i) IR
B 2.22 4z Ref 18 @ SB ¥ ¥ —XwHWT R=Sb (min ) Sb (max ) =—1
ER#E -1 DLDEHTRBRFT - %27y T 5,
R=—-13%2WROEETH S LERT,

teo. -y Ty ™~ T T ——TY T T——— vr e———T T T pr—

(1) * SB-series, R = -1
o {2) x SB-series, R ¥ =1

, kst

P

Punching Shear Stress Range, V
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I . o
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', . i PR T SR A S e N e . e i R N
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Cyclew=-to-Faflure, Nf

Fig. 18—Iindication of stress ratio effect
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iv) Nf vs Sb/fa
SO THMFOETHRIP LA LS APT RP2A , Par 2.22¢ WBEINTWV BEHM
HBHETH B,
B4 2.23 #& Sb fa ENfORIRTHEBERE 0y FLADBDTH 2,
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Fig. 19—Evaluation of T-joints as function of stress ratio, Sy/ f,
2.23

B 2.23 OEBOTEHIE 2.18 wRTH, Nf vs Vp & Nf vs (Sb/f'a) &
DIESEE o AHBL, Nf vs (Sb/fa) OFINE CREBERD/NT Y FAPEL
ZEMND B,
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v) Nf wvs 1iSb

TR EREE A “hot spot stresses T CEREET,

A RERE, KBFEEHE 2.11 R U7Kuang Naddox® REHW 3,

THFORIERREER 2.19 FRT,

Bd 2.24 1= “hot spot stresses 7 iSh ENfEOBMRTHBREEL 0y T 3,

* 2.18

Table 15—Stress Concentration Factors(® for T-Joints
Used in Fatigue Tests

« Ref. Tesc S.C.F.
No. Specimens Chord Brace
13 SA 20.2 20.9*
S8 27.3* 25.4
sC 26.3* 2.4
sD w.2* 11.8
SE 9.08 11.6*
19 MG 11.1 13.1*
8 F 25.8* %4
N 22.9%* 22.4
T 23.8* 23.0
20 L 9.27 11.8*
15 sW 8.13 9.80*

(a) These stress concencration factors are calculated from the equacions
in Table 7. The hot spot stress range is equal to the cabulated
§.C.F. times the nominal stress range in the brace.

10840

(1) * small
{2) 1 large

Stepsa Range 15y, ksl
>
a

S x-curve—"""

b . it e e " " Sednainniuh

t.0€ <02 t.0f 203 1.0E -0 1.0¢ -0 1.0E .04

Cycles-to-Fatlure, N l‘

Fig. 20—Comparison of caiculated hot spot strasses, iS,, with AWS X—curve, T-joints

B 2.24
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1000 .

Ba2. 250 I & ENF O BIMR AR T,
Small &large & PG AE { Kuang MaddoxD I AERRIITZOELHHST 2
CEFTERNI ENGN 3B,

\ * small E
. x large 1
\ ]

>~
Modified ~~

AWS X~-curve

ASME Failure Curve

PR ST A S ! i i S SN Y PR PR el . . e esdemabermds A i emumeralds

1.0£+02 1.0€+03 1.9€ +0% 1.0€~a% 1.0E +a8 1.0€ 07

Cygies-co—Failu;re. ::E

Fig. 21—Comparison of calcuiated hot spot stresses, /Sy, with ASME fatigue evaluation method, T-joints

B42.25

$2.24, 2.25» HKuang Maddox DB HEPBZRIFBEREMTH B 2R LTY
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ST OEFBRE IOV TIRHFR T UL b RIS AECSC (European Coal
and Steel Community ) TIThhTW 3, JITHZOREERNT 5,
O, EEOOffshore steel Research Project & L TiThiRE#HTF T
BEZLOMRT s S NEENTV S,
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AR U 72841 i Euronorm 25-75, Fe 510 DD OffR % 2 I BRTH 2,
, ERERLFE-CEETZ-OUTIORT 4BRICEEO LI HE
FTHLITLTN B,
Ni: 15% reduction in strain-gauge measuremets
N,: first crack observation
N3: crack through chord wall
N+: end of test
REMERORICEN: Ns & N ASRLTH B,
t /2, BARBERIGAMHE (maximum local stress range) &, B 2.27 WoRF K I
A. BEROWERBE»O/HBEETRD TV B,
Tk, B 2.27 it AW.S ., B.S.I. Dhot spot stress DEE DALY TRT,
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Fig. 1 - Types of nodes tested

UNITED XINGDOM

-

No 78168x63) 8(68x63) 41%68x6.3! 8(168x6.3} 21%68x6.3) No 4(1830x 75}

No521457x161  8(457x 6] 445716} . Bl457x 16} 2{457x16)
No 16{9Mx32)
ITALY
- == STATC TES TS - ————- e ——FATIGUE TESTS -
G"O!-!TYP
{800x 20!
HOLLANO FRANCE

- ( ] o) (T

Na 0(68x63) No 10(457x16) No 2(450x 22.5)
Na 9{457x 6} No 4 (914x32) Na2{640x40}
No 7(9%ax 32§ No 2{905x 40)
No4 (1200275}
NORWAY
No 8 No ! No 1 Not
{508 216)
M2 256
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Definition of hot-spot stress

A.¥.S. - Total range of worst hot-spot stress or strain on the outside
surface of intersecting members at the toe of the weld joining
them - measured after shakedown in model or prototype connection
or calculated with best available theory.

B.S.1. - For each configuration where stress concentration i{s involved,
the magnitude of hot-spot stress or strain should be determined
accurately by measurements on models or full-scale assemblies or
photo—elastic investigation. The stress ranges used should be
those which are as near as possible to the connecrion without
being influenced by the weld profile. '

Experimentale determination of SNCF

o Sy

|
1 | 2
Ay l
2 (1)‘ Bl"%‘\\ A2
3 i N 82 az
83 . Y
a3 baiM
‘ "
4
| =
Tl " —
‘R —
l — "
L~
[~

Fig. 2 - Determinacion of SCF (SNCF)

SNCF is obtained extrapolating linearly to the weldtoe, measurements of
StTain gauges located in points A and B.

81 = a3 = 0.65 Vit

[
23 = 0.4 V{(rt) (RT)
d - S5

by = by = by = by = 0.2 Vre but not less than 4 mm

2.27 B AKRBMIGS ( hot Spot stress ) DE &K
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Table 1 - United Kirgdom

TEST
SPECIER 0.1 A T TPE R FREQEXY  LOWNG
s

11/1-3-4 168+ 8.3 1 1 1 -1 410 AX

17/2-12 168« 6,1 1 1 7 -1 %410 AX o Crope
17/6-7-8 168+ §.3 1 1 T -1 101 IPR
17/%10-11 168 6.3 1 1 T -1 10415 IPS o Cospa
18/1-5=7-8-8-12-15 168 8.3 1 o.n 7 -1 5010 AX

18/2-11 168+ 6.3 1 o.n 1 -1 %10  AX o Coape
18/0=5=10-13~14=18 166 6.3 1 0. T -1 1015 IPB
19/1-2-3 168 6.3 0.53 0.8 1 -1 5410  AX

19/A=5 168+ 8.3 051 0.8 T -1 5410  AX o Coapo
19/11-12-13 168- 8.3 053 6@ T -t 1015 iPB
20/4-10-11 168 6.3 053 051 T -1 510 AX

704-3 " 168~ 6.3 0.53 0,51 T -1 510 AX. Cospo
20/2-5-8 168- 6.3 053 051 T - 115 (P8
17/3-5-9 \S7-18 1 1 T 12 Ax
31/1-1-13 5718 1 1 | DS 04 Ir8
17/8-10-12 A57-16 1 1 T -1 244 1PB s Coup,
38/4-5-8 5716 1 0.55 1 -1 2 AX

18/1-1 157-18 1 0.5 1 -1 244 AX o Compy
38/2-3-§ 457-18 1 0.55 1 -1 44 PR
T 39/85 15718 0.25 0,39 T A s AX

18/8-7 £57.18 0.5 0,39 T -1 w8 AX e Coep,
398/1-2-) 45718 0.25 0,39 T - TP ]

w0M2 57-18 0.25 0.28% 1 -1 [Pl S Y
40/3-4-5 45716 0.25 0.28 b f -1 w6 P8

f1/8-C S s T a1 24 A

/a0 N 0.5 1 T -1 244 IPR
2/8-L 1432 0.5 0.275 T -1 264 AX

/-0 N3 0.5 0.275 T -1 a4 IR

F1/A-3 C 32 0.4 05 1 -1 P I Y ¢

/e -2 0.24. 05 T 4 44 P8
F2feD TS 028 0.5 T 1 ns A

/i3 fnen t2s 0.5 . a1 u4 8

20 183076 R LU S ix

Liral 18030-75 0.5 0.5 - " -1 3 1Pg

2 1007 0.5 0.75 X -1 1 AX

LIre ] 180-78 L5 0.2 ] <1 3 178

1% 4 « Axial load 1a beace
1P« ln plone bending of brace
Conpe o Compressive lead in chord
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Teble ¢ - Holland

. TestT
SPECIEN 0.7 73 Y 8144 1 FREQUENCT LODING
Mz
1=2-3 168~ §.3 0.5 05 T 0 10 Axta) lead In brace
L 1) 457-16 0.5 0.5 T a 0.2 . L
S-6-7-9 157-15 0.5 05 T 0 ) I
B 157.18 0.5 0.5 T 0 S ' L
10 (1) 4S7.18 0.5 0.5 T -1 [ S v
1 157-18 0.25 0,39 1 -1 g * LA
12 A57-18 0.25 0,39 T -1 S . L
13-15 1412 a.5 0.5 \ b 2.8 * L
14 a2 0.5 0.5 T 0 15 . ¢ v 0
16-17 {1) 91432 0.5 0,5 T 0 6.2 » v
1819-(2)  16B. 6.3 0.5 0.5 L 0 10 L R
20 (2) 4-32 0.5 0.5 T 0 5 L
7 (2) 91432 0.5 0.5 T ] ) LI N
22.23 (3) 158~ 6.3 0.5 0.5 T ] 10 ' L B
U=25=26 158 8.1 0,8 1LY T [ 10 {n plone bending
28 157-16 1 1 X -1 1e3  Axial load in brzes
27-29 5718 1 1 X -1 2 ’ .7 0
10.33 457-16 1 05 X ~1 2 * ¢ v
37-38 457-16 1 0.5 X -1 3 L
3132 {(4) AS7-1§ 1 0.5 X -1 - . L
b1Y N2 0.5 0.5 1 0 [ ¢ LA
>} 14232 0.5 0.5 b¢ 0 | : LA
36 (S) A57-16 1 .5 X -1 3 ' L B
39 (2) N2 0.5 0.5 X ¢ $ ’ v oo
40 (2) 132 0.5 0.5 1 0 3 LA
{1} Seswnter test
(2] One additicnal walesded braco
(3) Twe additional waloaded braces
(4) Randos test
{S) Artal laad 1n chord
%222
Table 3 - letaly
SPECIVEX TEsT
p-T1 80020 TYPE FREMENY LOADI%6 REMS
A 0.5 a2 T
- 1
A Y  Statc test  Axtal tession Inbrace  Unsiiffened mede
ma ¢ . T ceapreszion in braca ' .
18 Y ' * *  tengion in brace 2 internal stiffeners
iy 8 Y ’ . ' coapression in brace: ! ' .
iy Y ¢ * *  tension in brace ] . '
e s Y . * " coepressien in brecs * . .
14 7 v » Y {engion ln breca 3 Vat stiffenerseconcrets
118 Y ' ¢ *  compression In brscs ¥ ? s v
HeE- 1ve Y 0.5 Righ axial lead in brace Ungtiffoned nedes
10« 111N Y 0.5 . Pediue axisl 1oad in brace ' '
e« 1vo Y 0.5 Low azial losd in bracs ] L
ME- IVE Y 0.5 High axial lead Ya brace 1 internal stiffoncrs
No-iNnne Y 0.S Kedius axis! load {n brace * . .
1€+ I € Y 3.5 Low axial loud in brace ' . s
R -1

The angic hetveen chord and brace 13 502
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Table 4 -~ France

1

SPECIMEN 017 A T OMME R FEQECY LOOING
Xz
A AT3-22.8 0.2 0.9 X 0,10 ] Axtal lond 1a braca
8 fR-A18 050 034 X 0.10 LI
0 WeA15 - 0,72 1,00 X . 0410 ~1 A
c 128077 0,21 .0.29 I 0.0, SR L
£ 128075 053 053 X 0.0 SR L B
At A-23 o 0.9 X 0,10 ~0.4 In plane bendlng
8t §640 056 050 X 0,10 e '
o RHT-4 0,7 1,00 -~ I 0,0 A ’
¢ 1255 827 03¢ X 0.0 ¢ e '
£ 127757 65 057 X 6810 0.5 v :
0 o cherd extornel dhnfﬂ’.
T « cherd thickness
)2 24
Table 5 -« Norway
TEST
SPECIXR JU FrEQ
A borree R e * oG REMRS
0-7 50815 : :
1358 0.5 08 T <t 31 Axtal inbrece
2.4 0.5 0,5 T -1 12 * v
. : v )
1/ 0.5 0.5 1" 1,8 % row
21 0.5 0.8 14 -1 - ¢ L Kot overlapping
319 0.5 0.2 4 -1 A . LI Overlspping
A3 0.5 0.5 T -1 1 : LA Sesvater tests .
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R A T U 2o e A BT &R 2,25 WORT,

# 2.25  EHIFERRE

o Welding Institute
United Kingdom

¥

National Engineering Laboratory

o Stevin Laboratory of Delft Univesity
Holland e Institute TNO for Building Materials

and Building Structures {IBBC-TNO)

Italy o Italiano Navale and Marine Militare
France o IRSID
Norway < Norske Veritas Laboratory

(2) #BEER

SEORBHEELE 2.16 ~F 2.30 WWiRT,

T, W 2.28 ~F 2.32 kB RELHRY 5,

o032 (gom /mn) THEEIZHEOROELETHY, EBRMEIEIN, (First

crack observation) M SHNs3 (throgh wall crack ) T TAEETRL TV 3,
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Table 6 ~ United Kingdom

STRIN et

YR IML
e e g B 6 6 v
11 18 R 1.8 130 1 aad semd o
n P 185 1.8 500 1080 2,1 nd S.endd ¢
11/8 2 388 1.8 %0 3,7 ndd famé® ¢
11/9 k0] 570 1300 9.8 1d 14300 155nF ¢
17/10 e 450 %00 2.0u0f g
17/10(R) £2 ™7 1500 1000 1 As® L mald ¢
1/m »2 1500 12 18 1amd® Lsad ¢
18/t 3 £80 1 80n0  s9nd 1gmd ¢
18/8 20 480 14 3/ 2 o 5.0 0105 g
18/6(R) n %5 14 1130 .00 1.0uf 1808 s
18h0 38 @ W 10 13nd 2.0af 25md ¢
18/13 6 50 14 2000 g.9m0%  2.2m0> s ¢
18/ ) 107 14 1500 29 55 ud 1 udd c'
18416 2 567 1o ™ 5.8 ad 85 ¢
1941 K] 869 . 1000 ‘7.52x1é 2 0 10 ¢
192 5.4 S5 141 50 1Sm  1amd sl ¢
19/13 17 150 100 18 vamé ¢
2042 74 1% 195 1600 2,306  amé 3.@af ¢
63 5% 115 200 6107y
205 : 282 115 1000 1808 Samd 85l g
20/s W] 522 1395 s 82 1,0 n0? 100107
1h 1M 188 S el 798008 153008 2.06x106 ¢
un » ne 5 700 2706 5210 SAx®% ¢
1A w5 ww aseet 1sad 2o0m’ ¢
1 Ty 53 sAnd  12n@ L,BaP ¢
% p 83 2.0 11 ]
/i) m 3 Land  wmd 1amd ¢
1A 180 Mg 130 1260F LI SAP €
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Table 6 (following) — United Kingdom

STRAIX

SPECIER LOAD NOKIMAL ey oot AL
BER RAMGE  STRAIX TRATION  STRAIN T, 1, y EREER
Xa RAXE. FACTDR 13 o
184 105 {5} m 2.0 no’ 0
18/5(R) 180 418 Mo 10 0f 14l 1 sad ¢
1817 12 2% %) 5. nod )
18/8 % 208 S 32 685 1.5 x107 ]
18/8(R) 210 A\ 1555 20810 3.8Mm0d 1 2m0 €
18/¢ 200 462 1480 22 x16 2,7 a6s c
18/12 730 532 1702 A4 nod 2,1 236x100 ¢
18/15 10 m 1070 2.4 1B 15ad su3al ¢
182 124 2% 3.6% 1043 20,001 08 ]
18/1 140 n 1,65 181 A B 1.0 0t 1,450105 ¢
20/ 57 160 116 100 42 10 23500 35600 ¢
27 4 b6 500 2.0 x10 v
20/10 \S 240 415 1000
28/11 6 180 4,16 50 2,540 v.0 116 .
20/8 5 1800 2780100 45 0 1.8 x10 ¢
204 s 1000 2.0 x107 v
20/1(R) 56 1000 2360 2.0 ad® 2.9 110P ¢
th 230 an 2% 7.9 10t 2.9 116 5.0 i ¢
nn 110 m 257 a1? 22706 1001105 1440107 ¢
/3 740 2% %™ 13m0 12mP Ll ¢
37/ 230 \ 1275 S. a6 125 168 153008 ¢
170 10 29%. 1B 50608 3.90 6110 c
822 134 0.3 50 3.0 nod B
3803 8. - Sio 1.5 1000 4,00 6,1 P 1,7 add ¢
18fg 15 %1 £50 10 1 1.8 Samd ¢
48/3(8) 16.8 215010% 0.7 110 141 x1B® 8
A3 5.8 2.0 x107 ]
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Table,6 (following) - United Kingdom

LI ::"f:{ :‘T’;‘l:L etk ;::L FAILD
TR TaATION LI A " 1 KEMBER
Xa RANGE FACTOR  RAWE
£k 2 % \a12 36 2a%0 2.0 a6 26,1100 ¢
€10 59 m 70 tam?  asad 4L ndd ¢
£2(R) 8.5 w 160 9.5 10 S3 l 9.0 0 c
2 15 198 150 2.0 x10’ ¢
o) 5.5 n2 221 12 2.aad 13206 ¢
nn 1000 1% 7.0 124 52 0 M@ 18310 ¢
s 560 10 1.0 m 5.9 1.0nd 15 nd ¢
/9 150 0 1.0 500 22390 g.End  LBad ¢
STV 200 50 53500 6,780 ¢
18/1 m 20 B0 a0 21nd  1Lmad 8
19/ 10 11900 15116 8
(s(r) o2 Y 10 43200 15 1l 820 ¢
£18 00 12 10,7 150 2.0 x10’ ¥
f1e s@ s M 320 14 af 22wl ¢
7] 180 138 2.7 M tIad amd s3sad ¢
Qe ne m 2.7 100 2.5 af 140’ 1830007 ¢
N 18 n A1 ne 2.0 o’ u
582 m b 1200 1500 23 af® 2.4 00 ¢
F1e 8.5 =7 1eb 1200 1L,EaP  1L,Raf  245ad c
F10 5.7 b 14 00 25 P 1S s8mc c
F2A ) 549 W P - 116ad  2.ad t
F8 .35 I8 157 00 2208 132008 8
F13 188 5 A1 350 2.0 x30? U
1478 148 Aot 500 7.62x10% 24 P 1331008 ¢
Fc p:<] 20 R0 1O 12 aff  L.Bad 8
o 19 166 1.0 500 2.0 167 ]
F20(R) i 500 15007 8.0 110 1ATP 23 af 9
% 2.26( 8 )
table 6 (following) = United Kingdom
scrEn L0 romwt STRID TR, FAILD
fmeER  RAMGE STRAIN  qpnigy TR 5 13 L1 L1
Ko BANGE FACTOR _ RANGE Al x ud
@0 S8 76 12 us 0,19 0.54 0% Cherd fatlure
K21 3600 164 .% §17 o527 433 ' !
K2 280 10 135 150 0081 0.0m 01 Brace fatlues
m(;q bri B 136 117 0.228 03 cJ8 ' '
1e )‘qu
U & Unbroken

¢ » Ohord failure
0 o Brace failure
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Table 7 - Holland (Revieu of tests results)

LoD YORIRL SKCF HOT-SPOT Firs? CRACX THROUGH (o
bogini 3 ANE g'[;u"u s [X1RAe SIRAIY -5 CRACX CRORD watl yeSY
roerR t/n AT 1Y POLTED 1) RANGE 1 oeskénmm n Y

1 » 15 1.8 me - §.0e10t st
2 28 155 1.3 ns 123107 12067 1 3a07
3 50 % 02 135 250 3.8 130108
1 s @ % 870 2aad 10a8 15m08
19 20 I¥%s 45 1990 3 000" §.0¢100 Tox10t
P s 1Y) 23 1070 150108 8.6 950100
7 n 117 33 %0 15018 202108 2.4x108
4 ame 18859 ©2 128 252100 7 1306 1.0
re 50 1@ 1.2 1445 TS b 10108 210
28 3150 81 142 1010 £.3010° 152105 1.1x108
: ] s 5.8 \35 1206 2.2x108 2,10
5 150 1“1 5.8 T 13010 582105 1.80108
5 w1 5.8 n1 A, 0r10 1412108 13910
7 12 127 5.8 n1 15010 g SIRTEI
' s el 5.8 35 1sald 1510 850108
! 160 " 5.8 e 28210 1.5m106 100108
19 -~ B 5.8 435 Tt 2218 2800
n 58 15 1.9 A8 2.0x10° 9.00105 1,310
1w 19 uS 3.8 =8 150108 7,001 3.ax10
27 560 1729 1.0 187 1aad . 1m0l 2)
2] 1300 27% 1.0 @7 Lox10® 5515 7.0
29 280 129 1.9 &7 5,0010° 183108 2,210
I 280 318 2.7 o1 5, e10° 1.00108 120
n S0 209 2.7 540 1.5010 6.5¢105 RSl ]
2 560 54 2.7 586 7310 2,000 1.0e108
n B4 290 247 3 1oand 240108 290108
38 520 199 2.7 37 1md 1400107 19107
n §00 Pel’ 2.7 521 350108 §. 715 a0
iz W 220 2.7 LY TR . Tu8x105 510
1 m 58 s 370 PRIY. PIRTRL ] 5 0x1 0
" ™ 1855 Bod 1685 5 Ovi0b 1500 1.0
™ 150 % B4 15 5,0010° 9.5 13008
18 e 91 N kb - l.md 130
w no 51 6. 5 - 1.0 L 3a0d
20 500 129 §.7 a5 252100 bIx10 §.8x10P
n 220 7 8.7 15 15ad 812108 1.5x107
i 311 B 1Y 9.5 33 Lo P 12000 1m0
b2 100 ) 9.5 n? 150105 7.0005 £.5x10
I8 150 32 9.4 N 300188 200107 25007
20 330 N 9.3 3 1.0010% 5, 0x105 1ané
1) dversgs for sach geonntry 2) Aftee ai0® cycles s vory slov crack prope
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Table 8 b= Irzaly

FATIGUE TESTS

XO¥IRAL HOT SPOT
0 STRESS  sxer STRATY YNEER OF CYCLES
rx  waE WRE e, RE 1AL st piest oo FIRST TMROUN €0 OF
A 10 EATIOF Wil cRck T TEgT
¥ w n .
ne- 1 1 115 900, 55010 1.8010° 1.0ac 2.
we nm s 10,9 50 55010 7,800 1.9000% 2.1x10%
s s 5.9 W 280 1 2300 5.0x1 04 5.310°
o s 5.9 TR B0 - 1ang 2300 - 5, 3x10
110 2850  120.0 2.5 130 3100t 2. 210 §.2x10% 2.5010°
HIC 2650 120.0 2.5 Wws . s2adt 1500 - 2.9210°
ME 290, 1515 2.5 2080 -. r.omot 5.0u10 YRRT
IWE 3530 1615 2.5 1650 1,90 2.2010% 3,800 1.5010
#2.29
Table 9 - France
100 0T SPOT
I STRALL EMBER OF CYCLES
e e R Af. og FIRST FIRST TRROUH  £0 OF
EXTRAPOLATED £- 5T oguepmTion  WALL CRACK
Bs %0 s.a:no; 1406 1P 150165
A En 3% ™0 200" . 31500 . >
B 2,108 - -
78 0 ) .
: érr ™ S5x10h 1P tind S.ax10P
gs 8.00108 1.0210° 1anc
1% g b
0 ﬁn » §.0a10P 140005 20ac n®
Bs ) 3.5 3.000 .
1200 ° : 0]
¢ in ? sm 1306 400 yod 200
£ To2x10b 1208 §.5010
2 Jané
£ Err = 510 25006 LI - Saa
3 %0 S.Sx10b .o -
L] 1 -
A ﬁn e 1020 1.5x10% 82ne 1500 tomd
& 520 TR 1306 sSadd
U
’ §TT e 570 1400 Voot - Tand
BS 13008 1608 L
Al
" n o 300 140105 1,810 5,100 ‘6'5“05
&S §60 2500 15010 8.5 2108
1
¢ én v no 1700 21x105 12005 1206
BS 1506t Leaot A6
L
£ En B 500 1000 .50 s2a0 516

E3to: BS o og volded
TT o hoat treatad
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Table 10 -~ Norway

oML

HOT-SPOT
tmg  STAESS oy FUECR OF CYCLES
WE e BKE N s
a0 Af . sy FIEST FIRST THROUGE €0 OF
X1 I ol OBSERWMTION WALL CRACK  TIST
] i b X
1 140 19,0 980 - - - 550108
2 W0 N 1me T . 3 net - 212108
1 P Y R 13% s sadt 7500 . 5,840
\ 1% 21, 1085 122100 1452100 - 8.7x100
5 1% 285 1100 150 65nd - 140108
s 150 204 %0 100 2,006 - 115108
1119 300 405 B4 2.0 ° 5,010 L1010 1200
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FRERE R O A

1) BREDOER
BEHRBRETO L CHEA SO EETAOIEELHETHY, EREEELLD
BRI NS R ARERO 1 o sh T, |
ECSC OMERBEMEL o> HKE BEOERER T I2ULERD DN, ~N,

D

4 BRI RBOEREIT- T 5,

A1, EHRBRLIHET 3HE08ELLT, CSC TO4BRBEOBRBEOEREEL

TR,

Ny

Ng

2

indicates a 15% drop in strain-gauges measurements, but gilves no eviden
ce that the node is already damaged.

Using Acoustlic Emission techniques, which permit to locate very precise
ly where cracks start, ltalians were able to discover craciis before to
observe a 15% drop in strain gauges reading.

as no {ndication is given about the size of the observed crack, differ
ences could arise among results of different laboratories. Only
Norweglans assoclate N; to a crack length of about 30 mm.

{5 very easily monitored, then i{s the best parameter to compare data
from different laboratories. However it is necessary to remember that
while for unstiffened nodes-aftet the formation of a through thickness
crack, the collapse of the node follovsvvery shortly, for stiffened
nodes internal rings act as crack arrestors.

A stiffened node in the lzalian programme had & through chord wall crack
at 6.2 x 10% cycles and the test was stopped at 2.9 x 103 for a rupture
of the brace, when the chord was still in condition to stand additional,
fatigue cycles,

cannot be used to compare results as in some cases indicates a complete
collapse of the model, while in other cases indicates that the test was
stopped after the prescribed number of cycles»Bu: there was no indicat

fon of damage in the speciin.

T, BEBEATETBSCE EFRRBREOMEOA TR EfEE L OBEC
WT BT HET ZUEND S,
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