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Stress Studies of Bulkhead Intersections for Welded Tankers 

By Wm. R. Campbell, L. K. Irwin and R. C. Duncan 

ABSTRACT 

Four large bulkhead intersection specimens were tested 
in tension in the Engineering Mechanics Section of the 
National Bureau of Standards for the Ship Structure Committee 
The tests are part of a study of the typical structural 
discontinuities in ships to determine the magnitude of stress 
concentrations and areas affected by discontinuities, and 
to furnish data necessary for improving current designs. 
Each specimen represents the intersection of a longitudinal 
bulkhead and a transverse bulkhead as found in welded tanker 
design. The elastic stress distribution at room temperature, 
strain distribution prior to failure at 0°F, and energy 
for failure at 0°F are presented. Stress values in the 
region of the intersection are compared with stresses in 
the longitudinal bulkhead bordering the intersection. Stress 
concentrations and energy at failure for the different 
specimens are also compared. 

INTRODUCTION 

The present paper Is the second of a series reporting 
the results of ship structure tests performed at the National 
Bureau of Standards as part of a general study of structural 
discontinuities sponsored by the Ship Structure Committee. 
A program for the study of interrupted longitudinals and 
bulkhead intersections for welded tankers was developed by 

VAn. R. Campbell, L. K. Irwin and R. C. Duncan are associated 
with the National Bureau of Standards, Washington, D. C. 

Presented at the Thirty-Second Annual Meeting A.W.S., Detroit 
Michigan, week of October II4., 1951* 

Work described in this paper was sponsored by the Bureau 
of Ships, Department of the Navy, for the Ship Structure 
Committee. Opinions expressed are those of the authors. 
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a Project Advisory Committee with representatives from the 
member agencies of the Ship Structure Committee, The pur- 
pose of the test program is to determine the magnitude of 
stress concentrations and areas affected by discontinuities* 
and to furnish data for improving current designs. 

The results of tensile tests on four interrupted bottom 
longitudinals have been previously reported (1), The 
present paper is concerned with tensile tests of four 
bulkhead intersection specimens. Elastic tests at room 
temperature and tests to failure at 0°P were made on each 
specimen. The elastic stress distributions were determined 
by loading the specimen and measuring the strains on sufficient 
gage lines to determine the state of strain from which the 
state of stress could be determined. Tests to failure on 
each specimen were conducted at 0°P in an effort to duplicate 
the brittle fractures which have been characteristic of many 
welded ship failures. From Uiese tests* strain distribution 
and energy to failure determinations were made. 

SPECIMENS 

The corrugated plate bulkhead intersection specimens 
represented full-sized sections at the connection of the 
longitudinal bulkhead and the transverse bulkhead. Isometric 
representations of the four specimens* numbered 5 to 8* 
are shown in figure 1. The specimais were fabricated 
from steel ship plates joined by welding. Specimen 5 
represented the basic structure* modifications of which 
were used in fabricating specimens 6* 7S and 8, Phil 
penetration welds at the longitudinal bulkhead connection 
on specimen 6 replaced the fillet welds used on specimen 5° 
At the longitudinal bulkhead connection and in line vi th the 
tee web* brackets were introduced on both sides of the 
sloping corrugated section on specimen 7° Specimen 8 was 
obtained by adding a formed angle at the longitudinal bulk- 
head connection. 

The tensile properties of the ship plate, table 1* 
were determined on samples taken from the plate stock before 
fabrication of the specimais. 
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TESTING PROCEDURE 

The bulkhead intersection specimens were loaded in a 
horizontal Pinery testing machine having a capacity in 
tension of 1*150,000 lb. Each specimen was placed in the 
testing machine with the longitudinal bulkhead horizontal. 
Specimen No. 5 was the xirst specimen tested* and the loads 
for this specimen were applied through two U-bolts at each 
end of the specimen. The legs of the Unbolts projected 
through four holes in plates welded to each end of the 
specimen. The throats of the Unbolts encircled the legs of 
a T-shaped fixture* the stem of which was gripped in the head 
cf the testing machine. Following the test of specimen 59 
two of the U-bolts failed during the course of other tests* 
and U-bolt arrangement was subsequently discarded in 
favor of pin loading. The loads for specimens 6* 7 and 8 
were applied through reinforced welded plate headers which 
were connected by pins and straps to eyebars gripped in each 
head of the testing machine. Specimen 6 is shown in the 
testing machine in figure 2. 

ELASTIC TiiSTS AT ROOM T^PERATURE 

SR-°4 single element resistance strain gages* type A=3* 
and three element rosettes* type AE-2* were installed on each 
specimen* the locations of those gages for specimen 8 being 
shoito in figure 3° Each gage symbol in figure 3 represents 
two gages* one on each side of the specimen in similar 
locations, except for the edge gages. Gages wer= air dried 
for 16 hours, heated with infrared lamps for 3 hours* and 
waterproofed with a mixture of 6qual parts U.S.P. petrolatum 
and petrosene wax. Specimen 6 is shown in figure I4. with 
gages and wiring attached. Strain readings were taken on all 
gages at loads of 20, 60* 100* II4.O and 160 kips using SR-Ij. 
portable strain indicators. 

TESTS TO FAILURE AT 0°F 

Following the test at room temperature, an open top 
box of insulating board was built around each specimen for 
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the test at 0°F. Solid carbon dioxide was used as a coolant, 
aid ten copper-constantan thermocouples were installed on 
each specimen,, as shown in figure 3* for temperature deter¬ 
minations o Two overall dial extensometers were attached 
to the headers for determining the centerline extension of 
the specimen. The welds between the specimen and the end 
tabs were heated with infrared lamps during the test to 
reduce the possibility of failure of the end connections at 
low temperature. The low temperature test set-up for specimen 
7 is shown in figure 5 with the near side of the box removede 

V.ith the temperature of the specimen near 0°F, strain 
readings were taken on all gage elements parallel to the 
axis of the specimen at load increments of 50 kips up to a 
load of 2.00 kips and thereafter at incremaits of 100 kips 
until failure was imminent, or until a number of important- 
gages become inoperative. The dial extensometers were 
read up to the instant of failure. 

Specimen $s loaded with the U-bolt type fixtures, was 
not tested to complete failure. The test was stopped when 
one of the smaller vertical brackets fractured. 

STRFSS DISTRIBUTION AT ROOM TEMPERATURE 

The strains for corresponding gage lines on opposite 
sides of plates were averaged for each load. The load- 
average strain relationships were reasonably well repre¬ 
sented by straight lines. Stresses due to a 160 kip load 
were computed from the linear load-strain relationships by 
standard methods (2, 3)» The magnitude and direction of the 
principal stresses at each rosette were computed using the 
average values of Young*s modulus and Poisson*s ratio given 
for the material in table 1. Axial stresses for determining 
the stress distribution on sections B-B and C-C of each speci¬ 
men* figure 3S were computed from the principal strains for 
a load of 160 kips. Section B-B was in line with the inter¬ 
section of the sloping sides of the longitudinal bulkhead 
and the tee web. The ratios of the axial stresses to the 
average stress in the longitudinal bulkhead outside the area 
of the intersection were computed to give a measure of 
stress concentrations. The average stress in the longitudinal 
bulkhead (P/A) was taken as the load, 160 kips, divided by 
the area of the unmodified portion of the longitudinal bulkhead, 
section A-A. 





The magnitude m d direction of the principal stresses 
for the four specimens are shown in figures 6 to 9- Comparison 
of the principal stresses and their directions indicates that 
similar stress patterns were obtained for the different speci¬ 
mens. Major principal stresses fan out with diminishing 
magnitudes from the intersections of the sloping sides of the 
longitudinal bulkhead and the web of the tee. Bracket 
stresses converged on the web of the tee. The highest 
stresses were measured at the intersection of the sloping 
sides of the longitudinal bulkhead and the tee web and at 
the intersections of the longitudinal bulkhead and the brackets 
The exceptionally large stresses measured on the brackets of 
specimen 7 are thought to be in part due to an initial 
misalignment of the component plates during fabrication. 

The axial stress distributions on the tee web, section 
C—Cs of specimens 6S 7 and 8 and peak stresses for specimen 5 
are given in figure 10. Axial stresses on the tee web 
reached maximum values at the intersection of the sL oping 
sides of the longitudinal bulkhead. Specimens 7 and 8 with 
the structural modifications shown in figure 1 exhibited 
lower axial stresses at these points. The ratio of the stresse 
here to the average stress1 in the longitudinal bulkhead 
ranged from 2.1 for specimen 7 to for specimen 6. 

The axial stresses at corresponding gage locations on sec¬ 
tions 3~B and B’-B* were averaged for each specimen. 
These average axial stresses are shown in figure 11. The 
stress distributions for specimen 5 and. 6 were generally 
alike but were markedly different from the distributions for 
modified specimens 7 and 8. The stresses at this section were 
significantly lower on specimens 7 and 8 than on specimens 
5 and 6. Stresses in the longitudinal bulkhead 16 to 20 
inches from the face plate and in line wtith the intersection 
of the sloping side and the tee web were 1.2 to 1.7 times 
the average stress in the longitudinal bulkhead. 

Excluding specimen 5, the average axial stresses on 
the tee webs and brackets were computed and multiplied by 
the areas of the web and brackets respectively to obtain the 
loads carried by these components. The loads carried by 
the tee webs and brackets at section C-C are given in table 
2. The sum of the computed web and bracket loads differed 
from the testing machine load of 160 kips by 2.0 to 12.7 
percent. It is probable that the computed tee web loads 
are more accurate than the computed bracket loads9 since 





the stress distribution on the tee web is more easily de¬ 
fined by the limited number of stress values,, Accordingly, 
it is also probable that bracket loads obtained by taking 
differences between the testing machine load aid the com- 
puted tee web (table 2) loads are more reliable than the 
computed bracket loads0 

STRAIN DISTRIBUTION PRIOR TO FAILURE AT 0°F 

The axial strains for gages on opposite sides of the 
plate in similar locations were averaged for each load,, 
Strains at corresponding gage locations for sections B-B 
and BB-B! were averaged,, Strain distributions for sections 
B-B and C-C at a load of 700 kips are shown in figures 12 
and 13 for specimens 6, 7 emd 8„ 

The strain distributions at high loads generally followed 
the pattern of the elastic strain distributions, except 
that specimen 8 showed a significant reduction in stress 
concentrations at high loads,, Comparison of figure 12 
with figure 10 shows specimens 7 and 8 to be interchanged 
with regard to magnitudes of stresses and strains„ At 
points of high stress specimens 7 and 8 were strained con¬ 
siderably less than specimen 6„ 

ENERGY TO FAILURE AT 0°F 

Comparisons between the energies required for failure 
of the different specimens are difficult to make,. On all 
specimens, brackets fractured at loads less than the maxi¬ 
mum load, causing discontinuities in the elongation measure¬ 
ments. 

Curves of center line extension versus load are given 
in figure 111, The energy to failure fb?. each specimen was 
computed as the area under the load-extension curve, the 
extension being measured between the upright posts shown 
in figure 5° The computed energies are given In table 3° 
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MAXIMJM LOADS 

The maximum loads sustained by the four specimens are 
given in table 3* All the specimens failed with brittle 
fractures except specimen 5 for which the failure was in- 
complete* Specimens 6 and 7 fractured acrpss the longitu¬ 
dinal bulkhead near or at the connection with the face plate 
of the tee. The fracture of specimen 6 occurred partially 
in the weld metal of one of the sloping sides* After the 
test an inclusion approximately three inches long was 
observed in the weld metal at the intersection of one sloping 
side and the web of the tee. Specimen 7 fractured in the 
parent plate except for one of the brackets in line vi th the 
tee web. This bracket fractured in the weld metal at the 
face plate. The fracture of specimen 8 was across the tee 
web in the parent plate. 

Cheveron patterns on the fracture surfaces of specimens 
6, 7 and 8 indicated that the fractures started at the inter¬ 
section of the sloping bulkhead section and the web of the 
tee* Specimens 6, 7 and 8 are shown after failure in figures 
15 to 17. 

The average stresses (P/a) on the longitudinal bulkhead 
section A~A at the maximum load were computed for each 
specimen and are given in table 3» These stresses were 
below the tensile yield strength of the material (table 1) for 
all specimens except specimen 8. 

The efficiencies of the four specimens were computed 
for several values of load. The efficiency, e a was taken as 
the ratio 

100 (1) 

where (Xa is the average stress (P/A) on section A-A through 
the longitudinal bulkhead at load P, and Oc is the stress 
required to strain an axially loaded bar of the same material 
and area to the average overall strain recorded for the speci¬ 
men at the load P. Efficiency versus load curves for the 





four specimens are shown in figure 18. Figure 18 indicates 
that all modifications of the basic structure* specimen 
increased the efficiency of the structure for elastic load~ 
ingo It is interesting to note that the greatest increase 
in axial rigidity for low loads was affected by the sub= 
stitution of fill penetration welds for double=fillet welds on 
the longitudinal bulkhead on specimen 6* The change in welds 
had no beneficial effect on stress concentrations* however. 

SUMMARY 

The elastic stress distribution at room temperature* 
strain distribution prior to failure at 0®F* and energy to 
failure at 0°F were determined for four bulkhead Intersection 
specimens* and the maximum loads were measured. Stresses 
in the axial direction ranging from 2.1 to 3»4- times the 
average stress in the longitudinal bulkhead were measured 
at the intersection of the tee web and the sloping sides 
of the longitudinal bulkhead. The strain distributions for 
high loads did not differ appreciably from the elastic strain 
distributions. The four specimens sustained considerable 
elongation before failure* but all specimens ultimately 
developed brittle fractures in the area of the intersection. 

Based on the energy for failure* maximum load* and 
reduction of stress concentrations at high loads* specimen 8* 
for which the basic structure was modified by the addition of 
angles at the bulkhead connection* showed the most promising 
performance of the four designs studied. Based on reduction 
of stress concentrations under elastic conditions* specimen 
7 showed the best performance. 
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Table 1. Mechanical properties of ship plate at room temperature 

Sample A B C D Avg. 

Thickness8 in. 0e500 0.500 0.500 0.500 0.500 

Young9 s modulus , 
psi x 10*3 30,100 29»900 30sSoo 30,100 30,100 

Poisson9s ratio 0.287 0.289 0.293 0.292 0.290 

Proportional limit-*, 
psi x 10°3 30.7 34.2 30.9 30.1 31.5 

Yield point, 
psi x 10-3 33.7 35.6 3608 36.8 35.7 

Tensile strength, 
psi x 10*3 61.8 62.0 62.0 61.8 61.9 

elongation in 8 in.9 
percent 32.0 30.4 32.0 31»9 31,6 

* 30 x 10°& offseto 
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Table 2„ Measurements and results of elastic tests,, 

Specimen No. 5 6 7 8 

Testing machine load, P, lb x 10-3 160 160 160 160 

Section A-A 

Area of section, in.2 33.60 32.88 34.81 33.23 
Average stress*, psi x 10*3 
Maximum stress 16 inches from 

I4..8 I*. 9 Ip * 6 Ip.8 

face plate, psi x 10*3 6.I4. 7 = 2 8 * 5** 60 2 

Section C-C 

Area of section, in.2 40.49 41.05 lp0.82 
Area of tee web, in.2 
Maximum tee v/eb stress, 

* • “ 32.7 33.3 32.9 

psi x 10-3 
Average tee web stress, 

14.9 I606 9.9 13.9 

psi x 10“3 ... 4.2 3»5 k.2 
Tee web load, P^, lb x 10*3 cr so 137.3 117.9 138.2 

Area of brackets, in,2 
Maximum bracket stress. 

CO OB OB' 7.76 7.78 7.89 

psi x 10“3 
Average bracket stress. 

5.1 11.2 29.9 9.9 

psi x 10-3 3 = 8 8.0 3.2 
Bracket load, P^, lb x 10~3 »«•<=» 29.5 62.1). 25 = 0 
Bracket load, P»Ptj lb x 10* ■3 22.7 I4.2.I 21.8 

* Stresses given are for the axial direction* 

** Stress was measured 20 inches from face plate on specimen 7. 





Specimen No. 5 6 7 8 

Maximum loads, lb x 10“3 860* 7714. 944 1,129 
Energy to failure, ft-lb 
Average stress on section 

11,14-00* 61,800 45,190 68,600 

A~A at maximum load, psi x 10"3 25.6* 23.5 2701 34.0 

-x Partial failure of specimen 5® 
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FIGURE LEGENDS 

Fig, 1. 

Fig, 2. 

Fig, 3. 

Fig, 

Fig, 5. 

Fig, 6. 

Fig. 7. 

Fig, 8. 

Fig. 9. 

Fig. 10, 

Fig. 11, 

Fig. 12, 

Fig. 13. 

Fig. 14, 

Fig. 15. 

Dimensions and details of bulkhead intersection 
tensile specimens. 

Laboratory set=up for elastic tests on specimen 6c 
Welded pulling tabs* pulling plates and eye fixture 
at right® 

Strain gage and thermocouple locations for specimen 8. 

Specimen 6 with strain gages and wiring attachedo 

Specimen 7 in testing machine for test at 0°Fo Near 
side of box removede Long gage extensometers at top 
and to righto 

Specimen 5 - Principal stresses for a load of 160*000 
lbo Principal stresses less than 1*000 psi not 
shown* 

Specimen 6 - Principal stresses for a load of 160*000 
lbo Principal stresses less than 1*000 psi not shown. 

Specimen 7 - Principal stresses for a load of 160*000 
lb. Principal stresses less than 1*000 psi not shown. 

Specimen 8 - Principal stresses for a load of 160*000 
lb. Principal stresses less than 1*000 psi not shown0 

Distribution of axial stresses on tee web* section 
C-Co Loaa l60*000 lb0 

Distribution of axial stresses on section B-B. Load 
160*000 lb. 

Distribution of axial strains on tee web* section 
C-C. Load 700*000 lb. 

Distribution of axial strains on section B-B. Lead 
700*000 lb. 

Load vs, center line extension. 

Specimen 6 after test at 0°F, 





Fig. l6o Specimen 7 after test at 0°F 

Fig, 17» Specimen 8 after test at Q°F 

Fig* 18«. Efficiency vs, load* 
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