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INTRODUCTION

Welded-joints of vessel steel plate, made with three different welding
procedures and different heat-treatments, were studied using fracture
mechanics testing, metallography, electron fractography, etc. The fracture

; . max .
parameters measured are: fracture toughness JIC’ coD, ot ey i da/dN, etc.
The choice of the three welding procedures and relevant heat-treatment has

been made by evaluating and comparing the experimental results.
EXPERIMENTAL PROCEDURE

This vessel steel is a fine-grained steel usually used in nuclear
power stations. Vessel steel plate with a thickness of 80 mm was used in
our programme. Its composition is shown in Table 1, Table 2 gives the
details of welding conditions and heat-treztments of the specimens.

There were two kinds of three-point-bend specimen to be used. The di-
mension of the first was 38x76x370 mm (acccrding to ASTM E399-76), the
other was 20x2ux100 mm (GB 2038-80). All 7¢ specimens were precracked in
fatigue with a/w = 0.5. The positions of the precracked notches are shown
in Fig. 4.

The fracture toughness tests were performed on a hydraulic testing

machine. Force, clip-gage displacement, potential drop, events of acoustic
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emisslon were recorded on two sets of three X-Y ~l’ll~’ Table 1 Chemical Composition of the Parent and Weld Metals

Fmax

recorders. JIC’ Blw-gy were measured from P-4
curves, and COD from P~V curves. ~,-,,,~’ Composition,%| C | si Mn S P Ni Cr Mo Nb Al Ti Cu
Fatigue crack growth tests were conducted -\
% . Farent Metal [0.15[0.36| 1.51] 0.003 0.015 1 0.83 ] 0.35 0.34 | 0.01 0.031 E -
under constant load with stress ratio R = 0425 s
crack length a and number of cycles N were ~ ‘ KB\I‘} Ny 10.1 10.41| 1.59| 0,014 | 0.01u | 0.88 | 0.094 | 0.5 | 0.003 | 0.01 0.016 | 0.1
recorded from a/w = 0.3 to 0.5 (according to . Ny 101 0.4 1 1.6 | 0.013]0.014 | 0.89 | 0.068 | 0.5 | 0.003| 0.01 | 0.0t | 0.1
ASTM E647--78T), Fig. 1 Positions of “etals v
notches on By [0.24]0.26| 1.33/ 0.006 | 0.018 | 0.76 | 0.15 | 0.31 | 0.003 | 0.01 - |0.26
. S .05 0. 1.5 .01 .02 .2310.06 .43 10.0031 0. - -
specimens S‘L 0.05)0.32| 1.55] 0.016 | 0.026 | 0.2 0.062 10 0 01
Table 2 Welding Parameters and Heat-Treatment Conditions
RESULTS AND DISCUSSION .
Weldi t Type & Diameter| Heat-
P | Types of Current Voltage |'° OB |Hea P ' o2
i P max » i Speed Input Treatment
Fig. 2a and 2b are the results of fracture toughness J_. ,COD and —r—n_ Welding I, {(A) V,(Volt) > £p
Ic) B(w-a) . a’ v, (m/br) |(k3/em) | Of Electrode Conditions
of weld metal, fusion line(and its vicinity), HAZ, and parent metal. - -
’ Harrow Gap N,, 430 o 1645 25.4 i *
The data of frsrzigure toughness of various welded-joints assume a Log~ Helded N; " & is — ’ HO8Mn28iNiMo, —
Normal distribution“~-. According to the student t distribution we may Joints N, " It 18 23.22 $3 mm fana

evaluate_the lower bounds with 99.5% confidence. The results were given in bottom 600—8&50 28-30 a2
Table 3 [2] : upper | HO8Mn2MoAl, 2
ia e . : :

abmerged | Sg Upper 650-750 35-38 | 2608 [33:8 | $5 mm

It appears that the weld metal of I-I1 is provided with coarse ferrite Are Helded

net structures (see Fig. 3a and b), which result in very poor toughness. dnints bottom 600—650 28-30 32
Q. " { t
Recent studies revealed that hot strain embrittlement could be one of ° 72| upper 650—750 35-38 | 26--28 Hone:
3 5 _ 3,4
the reasons for this type of problem in low alloy ferritic steels[ ’ ]. In fron
H tectroslag % .
s v ’ 3 : E H1OMnMoNiVA

our work, this problem may be solved by E, heat-treatment provided by the Yelded 1 500520 35 1.2 l1101.6 P *
Manufacturing plant. After this treatment, the welded-joints have fine . fsints o

grains (Fig. 3c) and a little portion of ferrite, which enhance the re-
%  Stress relief annealing, 620°C*8hr, furnace cooling.

sistance of crack g [53 > i i 3 . . . ;
8 ack growth and result in a higher fracture toughness JIC Normalizing, tempering, and stress velief annealing.

JIC of E2 is about four times higher than that of E1 in weld metals. Provided by Manufacturing Plant.
It is noted that the JIC of narrow gap welded-joints (as welded) is the

same as that of Sl'
The curves of the fatigue crack growth rate da/dN versus stress in-
tensity factor range AK at stage II for the weldedjoints with different

welding procedures are shown in Fig. 4. The fatigue crack growth rates are

expressed in the form of Paris formula and some of them are as follows:
- 2
Ni in the vicinity of fusion lines, 32 = 0.3us1x10™10 sx3-327
in H. A 2. 22 C g 0ouixig8 p2+3703
dN
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Table 3 Mean Values and Standard Deviations of 1n JIc g welded metal stress relieved %% Ri N3
-1y 3145 <
e da _ o ggsoax10”1* px®-81 mn/c
Types of v of Confidence Lower Bounds g dN
= Ic 5 Em ; . .
. o vicinity of fusion line
Welding 1in JIC n-1 Level of u . y D |
N, 2.2697 0.1978  99.5% 2.1024 8.186 N = 0.78453x10 TUAK ar £
da -11, 3.685 7k
H.A.Z == = 0.64589
Né 2.3606 00,2060 u 2.1861 8.9 H.A.Z N 89x10 AK ok
N3 2.4259 0.,2163 " 2.2599 9.582 B, Vicinity of fusion line 51
Z WF
da _ -9 ..2.4463
Sl 2.4169 0.2007 t 2.2387 9,365 aw " 0.98273x10 “AK ol
da -10,.,2.9977
7 = ™
82 2.3314 00,1975 Lk 2.164 8.706 . H.A.Z I 0.8589%10 AK -
parent metal 2 % A NGW(N1,N2,N3)
E 1.816 0.5125 " 1.3264 3767 p . b ; %éw(éi,igg
1 :% = 0.8969x10 10,3+ 0525 “ ESW(E1,
E2 2.4686 0.128 " 2.433 11.393 : a . ,% %OO .
whe 3 3 ‘3 y 1 -3
“nere—ging is in mm/cycle, AK in 10 u05560768090 150AKkg-mm 3
Pnax kg o g} Fgemm T,
B(W~a) _— :::i:: %% N3 and 81 have the same crack Fig. 4 Fatigue crack growing rates
16 “rowth rate da/dN. In N.H.T. N,

racks are easy to grow through the boundaries of column crystal, as shown
i Plgs 5s

In E2, the cracks grow slowly and make a detour from ferrite or stop
a.

vafore ferrite (Fig. 6).

Se :(an)vc
C W+2a+3z

5 Cracks grow through the boundaries Tig. 6 Crack stops at
of column crystal ferrite crystals
8t - CONCLUSIONS
6
n
o s~ 38x76S(E1) 1. The weld metal for electroslag welded joints with nor .+temp.+ann.
0 c. E, W. M. x 200

e 4 2 freatment exhibits embrittlement resulting in very poor toughness.
W.M.F.LiH.AZ  P.M(a) Fig. 3 Structures of weld metals i . e

i 2 C ison of values from 2. This problem of embrittlement may be sclved by E2 heat-treatment of
Fig. ompariso S

Aiff + . s the Manufacturing Plant.
lifferent specimen ,
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3. The JIc and da/dN of narrow gap welded-joints without stress
relief have the same values as those of submerged arc welded-joints with
stress relief.

4. A little content of ferrite can improve the resistance to fatigue
propagating of cracks in electroslag welded-joints.

5. The cracks are easy to grow through the crystal boundaries in nar-
row gap welded-joints without stress relief.

6. It is an effective method to evaluate and compare the properties of
welded-joints by using probability theory and statistical method to treat

the fracture toughness of inhomogeneocus welded-joints.
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