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5 U M M A R Y 

The stress concentration íacthrs in riain mexnber due to welded 

stiff&iers are deternined by the ue of photoelastic iiethods. The 

effects 0±' weld penetration and width of stiffener on the stress 

concentration factor ere shown for various types of welded connec- 

tions used in construction. Solid ndels were cut from Bakelite 

to represent the welded connections The models were slit to show 

the effect of over and under weld petration on the stress coricen- 

tration factor. It was found necessary to make saine basic a5suxmp- 

tions. In this study it was assumed that there was perfect homo- 

gieity between the parent metal and the weld metal, and that 

there was perfect fusion and uniform bond strength throughout with 

no initïa]. stresses present. These assumptions are not wholly 

true in actual practice, but are justifiable in this experimental 
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STRESS CONCENTRATION FACTORS IN UkIN 
MEMBERS DUE TO WELDED STIFFENERS 

INTRODUCTION TO OBJECT 

om time to time the Fwdamental Research Division of The Erigi- 

neering Foundation suggests to its researchers fundamental welding prob- 

leins that seem to be of outstanding importance. The most recit1y sug- 

gested problem (1940) apparitly is one whose solution might be most 

easily found by photoelastic methods. 

The suggested problem is to determine the stress distribution 

and stress concentration factor (the ratio of the stress at a point 

to the average stress in the member) for a type of welded joint shown 

in Fig. la or Fig. le. The thick horizontal plate may represent the 

web of a plate girder that is loaded either in tension or compression, 

while the thin vertical plate is a stiffener and carries no load. 

JOints of this trpe occur frequently in all kinds of welded or 

riveted construction. Probably some of the more recent usages of 

this type joint arc stiffeners for the bulkheads of our newest all- 

welded ships, long steel columns or tension members with some type 

or stiffener to reduce vibrations or towers of all steel welded con- 

struction. With recent developnents and improvements in the field 

of welded construction, the riveted joint is rapidly being out- 

moded. Hence, with this advance there comes, of course, much re- 

search on the problem of welded joints with the view to constant 

improvement of methods, procedure, and materials, as well as interi- 

sive study as to the strength of the weld and the stress distribu- 

tion throughout the welded joint. 
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Wh a prob1en arises, or i suggested, the Immediate question 

that muet be answered is "Wha.t research has been conducted on joints 

of these trpes?" Very little. Trpe C was investigated by Coker.3 

His rrzdel was 5 inches long and cut from a plate about 0.1 inch thick. 

The angles were rounded to a radius of 1/16 inch. The stress at the 

angles was 79.7 per cent higher than the average stress in the main 

member. The investigation, however, was very limited. Type A has 

not been studied to the author's knowledge. 

Hence, it was the purpose of this research to determine the 

stress distribution and the stress concentration factors for joints 

of type A and type B for various width stiffeners and various degrees 

of weld penetration. 

APPARATUS AND PROCEDURE 

The photoelastic polariacope used is shown in Fig. 3a. It is 

equipped with a 100-watt mercury vapor lamp, Wratten filters numbers 

B-5e and 77, Nicol prism polarizer and analyzer, and quarter wave 

plates. The resulting light is monochromatic (5461A line of mercury 

arc spectrum) and circularly polarized. 

To determine the effects of width of stiffener and weld penetra- 

ti.on on the stress concentration factor, 5 models were cut from Bake- 

lite, type "13T-61-893 (atsr Rhite, to the dimensions shown in Fig. 1. 

ode1 blanks were first cut from 1/4 inch sheets of Bakelite with a 

jig saw, then seniipolished, dry, on a wood sander of the belt type. 

They were then laid out to the proper dimensions with a scratch awl. 

The holes were drilled in an accurate drill press almost through from 



Fig. 1. Details of Bakelite Models. 

Type A 

Type B 

Type D 

E 



one aide, until the point of the drill came through, and the opera- 

tian conp1eted from the other side. This prevented chipping of the 

blanks. The blank3 were then fa3tened to a wooden block id the block 

put in a coxpound-rest on the drill so the fillets could be drilleth 

Liter drilling the fillets, the irdei were cut out roughly wtth the 

jig saw, then remounted in the corpound-rest on the drill press arid 

cut to the exact dirnenzLons with a high speed vertical rnillin tool. 

The ndelo were then polished on a circular lap with a suspension of 

No. 600 carborunduia iii water and finiahed with a suspension of leviated 

Alina in water. In order to cut the slits it s found nece3sary to 

drill first a siall hole throuii the weld then use a very fine jewelert s 

saw in the jig saw. The weld terminology is shown in Fig. 3b. 

After cutting and polishing, the models were annealed in the 

electric ov, shown in Fig. 2, at 260e F for two hours then allowed 

th cool to room temperature at the rate of 15 F par hour. The stress 

optical coefficient of Bakelite, as determined in the laboratory, was 

32.2 i3rewsters. The dels were first tested with 100 per cent weld 

penetration, then slit to represent various degrees of weld penetra- 

tion as shoin In Table I. The slits were 0.015 inch wide. Successive 

tests were made with the same model for various asaunied penetrations 

of the wcld. 

For each model a constant tensile load of 416 lb. was applied 

as shown in Fig. 3, and the resulting fringes photographed as sho 

in Fig. 4, 5, 6, 7, and 8. 



Test 1e1d Penetration 
Number 1n 

Inches 

1 0.187 
2 0.094 

3 0.047 

4 0.000 

5 -0.020 

6 -0.040 

7 -0.080 
8 -0.120 

9 0.750 
10 0.375 

II 0.187 
12 0.000 

13 -0.020 

14 -0.040 
15 -0.080 
16 -0.120 

17 0.187 
18 0.091 

19 0.047 
20 0.000 
21 -0.020 
22 -0.040 
2 -0.030 
24 -0.120 

25 0.500 
26 0.250 
27 0.125 
28 0.000 
29 -0.020 

30 -0.040 
31 -0.080 
32 -0.120 

33 0.750 

34 0.375 

35 0.187 
36 0.000 

37 -0.020 
38 -0.040 

39 -0.080 
40 -0.120 

TABLE 

Streas Concentration 
Factors 

Root Neck 
Tjpe 

0.60 1.74 
0.86 1.69 
0.86 1.78 

0.96 1.71 
0.96 1.69 
0.97 1.67 
1.14 1.64 
1.19 1.71 

Typo B 
0.52 1.58 
0.69 1.80 
0.91 1.83 
1.14 1.72 
1.19 1.62 
1.31 1.52 
1.45 1.76 
1.67 1.62 

Type C 
0.70 1.75 
1.02 1.84 
1.14 1.69 
1.19 1.73 
1.21 1.75 
1.24 1.77 
1.38 1.67 
1.38 1.79 

Type Q 
0.69 1.87 
1.14 2.01 
1.33 2.24 
1.64 2.56 
1.58 2.24 
1.72 2.60 
1.79 2.49 
2.01 2.49 

Type F. 

0.65 1.74 
1.10 2.00 
1.41 2.00 
1.70 2e14 
1.70 2.32 
1.77 2.38 
1.88 2.54 
1.84 237 



Fig. 2. Electric Annealing Oven and 
Small Polariscope 
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DISCUSSION 

No satisractory theoretical solution has ret been developed 

that gives a clear picture of the stress distribution in the welds 

or parent metal of any of the couon types of welded connections 

used in construction. Nuxiierous mechanical tests have been made but 

mostly for the purpose of determining the ultimate strength of the 

joint as a whole, under various conditions of loading. However, in 

the last few years the photoelastic method has been used extensively 

for the study of stress concentrations in fillet-welds of all kinds. 

Phothelastic analysis is a comparatively recent adaptation of 

a physical phenomena discovered in 1816 by David Lrewster1. It is 

a visual means of measuring quantitatively or comparatively the 

shear and flexural stresses induced in an isotropic materïal by a 

desired loading condition. As the principles and method involved 

in photoelastic stress analysis are too lengthy to be included in 

this discussion, it will be assumed that the reader has a working 

ìowlede of photoelasticity and its terIinoloy. A satisfactory 

discussion on the subject is given by Coker and Filon2. 

'orn a preliminary investigation the author found that it was 

necessary to make some basic assumptions. In this study it was 

assumed that there was perfect homogeniety between the parent metal 

and the weld metal, and that there was perfect fusion and uniforti 

bond strength throughout with no initial stresses present. Of course, 

these assumptions are not wholly true in actual practice, but for 

experimental purposes it makes it possible to cut models from a 



solid plate rather than using a built-up model of' elements cemented 

together. It has been shorn by Solakian4 that streas fringes were 

continuous across the cemented joints of a built-up model and were 

identical with those obtained in a similar solid model. 

¡i-i arder t take into considerat.ion as many typical factors as 

possible, the models were assuìied to have varying degrees of weld 

penetration, as vuld be the case in actual practice. Hence slits 

irere cut in the models to represent the Laying surface exposed by 

varying degroe ai pOEletration. Also the effect of width of stiffener 

as found by varying the 5tiffener width and keeping other conditions 

constant. 

lt should be pointed out at this time that the stress concen- 

tration factor, K, depends upon the type of discontinuity of the 

bowldal7 (Size and shape of slit, notch, or hole) and the length 

of the stressed area. But since the dimensions of the slit (size 

and shape) are constant, any change In K is due to the length of 

the slit, or more secifical1y the amount of weld penetration. Also 

K dspends upon the shape and size of fillet as tests by Solakian4 

suggest&1. But if the size arid shape of the fillets are kept con- 

stant, values o obtained must be correct qualitatively and if 

the models sre made fairly accurate, good quantitative results can 

be expected. 

The relation between the stress concentration Lac tar, the amount 

of weld penetration, and width of stiffener is shown graphically in 

Fig. 9 for the root of the weld, and Fig. 13 for the neck of the weld. 

These curves were plotted directly from Table I. 



The fringe patterns shown In Fig. 4, 5, 6, 7, and 3, or more 

specifically each fringe line, represents a constant value of (Ç-Ç) 

stress, depending upon the fringe order, where Ç and are the niax- 

mum and minimum principal stresses acting at a point in the plane 

of the model. Also it is shown in a study of photoelasticity2 that 

one-hall of (Ç-Ç) is equal to the maximum shearing stress at that 

point. At the boundary or on an axis of syumetry, the fringes repre- 

sent tmsile or compressive stresses, since one of the principal 

stresses must be zero. Hence Table I is obtained directly from the 

fringe pattern. The order of the fringes are marked on the photograph. 

It is very evident from a study of Fig. 9 that the greater the 

weld p&ietration the lower the value of K, at the root of the weld, 

for all types of joints studied Ibwever, K increases very slowly 

from 100 per cent weld penetration to zero weld penetration, and very 

rapidly as the weld penetration becomes negative or an under-penetra- 

tion exists . This serves to emphasize the injurious nature of an 

under-penetration of the weld. 

The effect of width of stiffener is also shown In Fig. 9. The 

wider the stiffener the greater K becomes regardless of the type of 

joint. Also joint type A, Fig. la, has a lower K than type C, yet 

both have the same width stiffener. The saine can be said of type B 

and type E. Hence the effect of welding tw stiffeners opposite each 

other on a main member is to raise the stress concentration factor, 

and as the width of the stiffener Increases, the stress concentration 
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100% Penet. 

0.047 Penet. 0.000 Penet. -0.020 Penet. 

-0.040 Penet. -0.00 Penet. -0.120 Penet. 

Fig. 4. Isochromatic Pattern of Type A. 

Tensile Load of 416 lb. 
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No Load 

-7 Penet. 

.340 Penet. 

Fig. 5. 

100% Penet. 

0.00 ?enet. 

-0.080 Penet. 

Isochromatic Pattern of Type B. 
Tensile Load of 416.1 lb. 

0.375 Penet. 

-0.020 Penet. 

-0.120 Penet. 



fo Load 

0.047 Penet. 

-0.040 Penet. 

l00 Penet. 

0.000, Penet. 

-0.080 Penet. 

0.094 Penet. 

-0.020 Penet. 

-0.120 Penet. 

Fig. 6. Isochromatic Pattern of Type C. 

Tensile load of 416 lb. 



No Load 

0.125 Penet. 

-0.040 Penet. 

l00 Penet. 

0.000 Penet. 

-0.080 Penet. 

0.250 Penet. 

-0.020 Penet. 

Fig. 7. Isochromatic Pattern of Type D. 
Tensile Load of 416 lb. 

-0.120 Penet. 



No Load 

0.187 Penet. 

-0.040 Penot. 

5 

1OO Penet. 

I 

0.000 Penet. 

-0.080 Penet. 

0.375 Penet. 

-0.120 Penet. 

Fig. 8. Isochrornatic Pattern of Type E. 

Tensile Load of 416 lb. 



factor Increases; that Is, K increases more rapidly between type B 

and E than between type A and C. 

From Fig. 10 it is evident that the stress concentration factor 

for the neck of the weld is almost constant for any degree of weld 

penetration and varie5 sliht1y with width of stiffener. Thi8, how- 

ever, is what should be expected since the $hape and size of the 

neck of the weld i constant. Fig. 10 also shows that K is approx- 

imately constant for types A and B joints, and varies considerably 

for types C and D. This can be explained on the basis of the elastic 

restraint offered to the main member by the various type stiffeners, 

however, types A and B should be discussed separately from types C, 

D, and E. 

In types A and F3, since the strain of the model is retarded by 

the presence of weld and stiffener and the free boundary is unre- 

strained to deformation, there must necessarily be an unequal distri- 

bution of stress or a moment caused in the main member. This stress 

concentration factor at the outer boundary of the main member oppo- 

site the stiffener is of the order of 1.2 maximum for both types A 

and B, and does not depend on the width of stiffener. 

In types C, D, and E the strain of the model is retarded equally 

on both sides of the main member, arid hence, no moment exists. Evi- 

dently the welds in restraining the elasticity of the main member, are 

subjecting thxse1ves to a part of the main member load, and the wider 

the welds and stiffeners the more of the main member load they carry 

and the less the main member carries in the region of the weld. This 
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is evident from a study of Fig. 6, 7, and 8. It will be noticed that 

for zero weld penetration for types C, D, and F, the fringe order at 

the center of the main member and opposite the stiffeners are 6.5, 5, 

and 4.5 respectively. Hence the increase in K at the neck of the weld 

for types C, D, and E is due directly to the width of stiffener. 

It should also be noticed that the stress concentration far is, 

in general, greater for the neck of the weld than for the root of the 

weld. 

CONCLUSIONS 

The stress concentration factor, K, for the root of the weld, 

in general, has the following properties: 

1. Minimum for 100 per cent weld penetration and increases 
toward a maximum as the weld penetration decreases. 

2. Minimum for type A joint and maximum for type C. Showing 

that the width of stiffener causes an increase in K, the 

actual value depending on the width of stiffener. 
3 . Joints of type A give a lower value of K than type C, yet 

both have the sanie width stiffener. 

The stress concentration factor, K, for the neck of the weld, in 

general, has the following properties: 

1. For joints of type A, K is approximately constant, show- 

ing that K does not depend on weld penetration or width 
of stiffener. 

2. For joints of type C, K is approximately constant for 

any one width of stiffener, but increases as the width 

of stiffener increases, the actual value depending upon 

the width of stiffener. 

3. The stress concentration factor for the neck of the weld 

is higher than for the root of the weld. 

Since the value of K is directly proportional to the fringe order, 

an error of one fringe induces an error of about 7.5 in K. I-bwever, 
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it is probable that the data are less than 1 fringe in error. 

SUGGESTIONS FOR FUTURE STUDY 

It is rocognized by the author that the problem is by no moans 

fully solved, but such a solution is beyond the scope of this research. 

It would be worth while for an investigator to determine the of- 

feet on the stress distribution and stress concentration factor of 

staggering the stiffener along the main member. This is sometimes 

desirable for theoretical reasons and to distribute distortion and 

heat effect more evenly. Also the effect of various types of welds 

and sizes ou1d be worth kiiowing. }bwever, Solakian4 has studied the 

effect of differ'ìt welds for a welded butt joint by photoelastic 

methods. One would expect a similar set of results for this type of 

joint. It often happens that the stiffeners are required to carry 

loads . It would be very desirable to know what effect a stiffener 

load would have upon the stress distribution and concentration factor. 

Of course, a series of pure mechanical tests would serve to give 

a correlation betweì the photoelastic results obtained and results 

obtained in actual practice. 



DATA -GENflAL 

Lamp--Mercury vapor 

Filters--fratten No. 77 arid No. B58 

Material-I3akelite BT 61-893 Yiater white 
Loading frame ratio-10 to i 
Load on hanger--40 ib. constant 
Tare converted to load on hanger-l.61 lb. 
Tensile load on rnodels--416.l lb. 

DIMEiS IONS OF FINIS}{1) MODELS 

)bde1 Thiccrìess Width of Width of Average 
No . In . Main Member StilTener Area Stress 

In. In. Th.2 pj 
A 0.241 0.740 0.375 0.178 2340 
D 0.253 0.746 i.00 0.192 2165 
C 0.262 0.733 0.375 0.192 2165 
D 3.250 0.744 1.000 0.186 2240 
E O.243 0.741 1.500 0.184 2260 

AVERAGF FRINGE ORDER 

Petration Type A Type B Type C Type D Type I 

of Weld Root Neck Root Neck Root Neck Root Neck Root Neck 

iOO 3.5 10.2 3.0 8.9 4.5 10.3 4.0 10.8 3.8 10.1 
5O 5.0 9.9 4.0 10.4 6.0 10.8 6.6 11.6 6.4 11.6 
25 5.0 10.4 5.3 10.6 6.7 9.9 8.0 13.2 8,2 11.6 

0.0 5.6 10.0 6.6 10.0 7.0 10.2 9.5 14.8 9.9 12.4 
-0.020 in. 5.6 9.9 6.9 9.4 7.1 10.3 9.1 13.0 9.9 13.5 
-0.040 iii. 5.7 9.8 7.6 8.8 7.3 10.4 9.9 15.0 10.3 13.8 
-O.OdO in. 6.7 8.4 10.2 ¿3.1 9.8 10.3 14.4 10.9 14.8 
-0.120 in. 7.0 10.0 9.7 9.4 í.1 10.5 11.6 14.4 10.7 13.7 

fringes were determined for each root or neck and the average 
value taken. 

STRESS CALCUUTIONS 

5461 N 
J. 2 1.752 h C 1.752 x 32.2 h 

where = tres3, tcsion or compression 
, = o at bour1arv 

' = wave length of light, 5461a 



N = frixìe order 

h = thickness of model xi inches 

C = stress optical coefficient, 'ewster 

Hence the fringe value for 

del A = 40? N 

ode1 B = 374 N 

Model C = 369 N 

Ìbdel D = 38 N 

Jbdel 1 = 39 N. 



e1d 
Penetration 

Inches 

0.187 
0.094 
0.047 
0.000 
-0.020 
-0.040 
-0.030 
-0.120 

0.750 
0.375 
0.187 
0.000 
-0.020 
-0.040 
-0.080 

120 

01187 
0.094 
0.047 
0.000 
-0.020 
-0.040 
-0.080 
-0.120 

0.500 
0.250 

STRESS CONCENTRATION FACTORS, K 

Fringe Actual tress 
Ord3r Psi K 

Root Neck Root 

Type A 
3.5 10.2 1400 
5.0 9.9 2000 
5.0 10.4 2000 

5.6 10.0 2240 

5.6 9.9 2240 

5.7 9.8 2280 

6.7 9.6 26C 
7.0 10.0 2800 

Type 1 

:3.0 8.9 1120 
4.0 10.4 3495 

5.3 10.6 1980 
6.6 10.0 2470 

6.9 9.4 25O 
7.6 8.8 2840 

8.4 10.2 3140 

9.7 9.4 3630 
Type C 

4.5 10.3 1660 
6.0 10.8 2215 

6.7 9.9 2470 
7.0 10.2 2580 
7.1 10.3 2620 

7.3 10.4 2690 

3.1 9.3 2990 
8.1 10.5 2990 

Type D 
4.0 10.8 1550 

6.6 11.6 2560 

Neck Root Neck 

4080 06 1.74 
3960 0.86 1.69 
4165 0.86 1.78 
4010 0.96 1.71 
3960 0.96 1.69 
3920 0.97 1.6/ 
3340 1.14 1.64 
4010 1.19 1.71 

3430 0.52 1.58 
3890 0.69 1.30 

0.91 1.83 
3740 1.14 1.72 
3520 1.19 1.62 
3290 1.31 1.52 
3320 1.45 1.76 
3520 1.67 1.62 

3800 0.70 1.75 
3980 1.02 1.84 
3650 1.14 1.68 
3760 1.19 1.73 
3300 1.21 1.75 
3840 1.24 1.77 
3620 1.38 1.67 
3875 1.38 1.79 

4190 0.69 1.87 
4500 1.14 2.01 
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