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PREFACE 
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prototype developmental program. The report was prepared by the Structures Technology- 
Stress Methods and Allowables organization of the Boeing Commercial Airplane Company, 
Seattle, Washington. 
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SYMBOLS 

.“Mrï 

Stiffener area, in. 

1) 

K 

R 

w 

U 

Subscripts 

Stringer spacing, in. 

Skin flexural stiffness, Ets^/12 11 ^), in.-lb 

'J 

Young’s compressive modulus, Ib/in." 

Compressive yield stress, lb/in.“ 

Stiffener moment of inertia about skin midplane, in.“* 

Panel effective length, in. 

Ramberg-Osgood stress strain parameter 

Stress ratio. Applied mechanical gross stress diviucd by the allowable mechanical 
gross stressât temperature condition. 

Stress ratio. Applied mechanical gross stress divided by the allowable mechanical 
gross stress at room temperature. 

Skin thickness, in. 

Panel width, in. 

Poisson’s ratio 

L Longitudinal direction 

T Transverse direction 
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I 0 INTRODUCTION 

The U.S.A. supersonic transport (SST) development program was aimed at producing 
two prototype aircraft which used titanium materials and adv.-need structural concepts in 
the airframe. This report comprises a DOT phase II effort to complete and doc iment the 
structural development testing of the integrally stiffened titanium skin-stringer panel designs 
shown in figure 1. Typically, the panels were supported by uniformly spaced spars and ribs 
or intercostals it approximately 28 and 20 in., respectively. Structural temperatures to 

approximately 450° F were expected. 

Review of analysis and test data indicated that: 

• To adequately predict the ultimate panel loads, biaxial compression panel test 

data were needed. 

• Test data were needed for thermal effects from room temperature to 450° F. As a 
result, particular attention was given to these requirements as the test program 

was developed. 

In accordance with the phase II effort to continue development and testing in those 
areas of titanium technology where significant advancement could be achieved and where 
results would be of benefit to the aircraft industry and associated government agencies, the 

following objectives were established. 

• Complete the manufacturing of 28 test specimens. 

• Complete the biaxial compression test jig design and fabrication. 

• Test the specimens biaxially and uniaxially, with some tests to include elevated or 

gradient temperature effects. 

• Document the test results. 

The resulting test data for 28 fiat, integrally stiffened 6A1-4V titanium compression 
panels covering four basic cross-section configurations are reported here. The test panels 
include full panel and crippling panel specimens. Crippling panels are subjected to uniaxial 
compression at room temperature or 450° F. The 450° F represents an SST Mach 2.7 
steady-state structural temperature flight condition at approximately 65,000 ft altitude. 
Full panels are subjected to uniaxial or biaxial compression at room temperature or with a 
thermal gradient. All panels tested with a thermal gradient are tested with the stringer flange 
at 320° F and the skin at 70° F. This thermal gradient condition represents a rapid descent 
from the Mach 2.7 steady-state flight condition. 



2.0 TEST DESC RIPTION 

2.1 SPECIMEN DESIGNS 

Panel designations used throi ghout this document are defined by three characters. The 
first character is a Roman numeral indicating panel cross-section type: I. II. III. or IV. The 
second character is the letter C 01 F denoting a crippling or full panel. Character three 
defines by letter the panel number c'+he series. Hence, a IVF-B panel is th: second type IV 

full panel. 

Nominal dimensions of the four basic test specimen cross sections and panel sizes au 
shown in figures 2 through 5. As noted in figure 6. machined stringers arc welded to 
unflanged integral stiffeners in the basic plate. 

All specimens are fabricated from 6AI-4V titanium alloy. The final heat treat condition 
of each panel is 1 B, which is a Boeing designation denoting an annealed and fast-cooled 
condition. The associated heat treatment is 1350° F for 2 to 4 hr with air cooling. 

To enhance future analytical correlation studies, panel meas*tied dimensions are given 
•n appendix A. Similarly, measured material property data for the test panels are provided in 

appendix C. 

2.2 TEST SETUPS 

All panel tests were conducted in a 1200-kip-capacity Baldwin universal test machine, 
model BTF. serial number 040-1421. Similar to a conventional crippling panel test setup 
the loading heads were lowered on flat-ended skin-stringers for all panels. As shown in 
figure 7. transverse loads for the full panel tests were applied by six servo-controlled 
hydraulic actuators. Miller model H66 (lOsqin. tension area). These actuators were 
electronically synchronized such that their transverse displacements provided the same 
loading effect as a single unit transverse loading nead. 

The brush loading concept shown in figure 7, similar to that developed in 1935 by 
K jell man (ref. I ) and in 1969 by Kupfer, Hilsdorf. and Rusch (ref. 2), was developed to test 
the full panels. The purpose of this concept is to minimize the perpendicularly induced 
shear loads. A photograph of a typical transverse loading head brush assembly is shown in 
figure 8. The unsupported column length of these brushes is 4 in. Gaps between brushes in 
each brush assembly are 0.010 in. These brushes are in a 6.6-in.-long assembly with each 
brush made of 0.125- by 2-in. cold rolled steel strip. For the type III panels, special 
5-in.-long transverse brush assemblies are used at the intercostals. Here the bushes are 0.125- 
by 4.5-in. mild steel. The longitudinal brushes are in a 14-in.-long assembly with each brush 
0.19 by 3 in., 160-180 ksi, 4130 steel sheet. 

Edge conditions at the panel sides are illustrated in figure 9. Normal restraints at the 
longitudinal load heads were provided to prohibit the stringers from kicking out in full panel 



tests. These are illustrated in figure 10. Photographs of crippling and full panel test setups 
are shown in figures 11 and I 2. 

Loading flat-ended 40-in.-long panels provides an effective panel length of approxi¬ 
mately 20 in. by causing inflection points at the panel quarter points. To simulate the rib 
effect of no transverse relative motion of the stringers, the free flai.je cross ties illustr ited in 
figures 13 through 15 were ; .ovided for the type IF. IIF, and I VF panels at the inll 'ction 
points. The cross ties are designed to be soft for panel normal relative deflections between 
stringers. A link which also does not prohibit panel normal deflections is used to anchor the 
ties. The link load during testing was negligible. Due to the intercostals on the type IMF 
panels, a cross tie was not needed. 

Thermal gradient conditions are achieved by using heating pads on the stringer free 
(langes. Elevated temperature steady-state conditions are obtained with the use of radiant 
heat lamps. 

2.3 INSTRUMENTATION 

Typical instrumentation is shown in figure 16. Exact gage locations and readings are 
defined in the appendixes. Strain gages were installed on all full panels and on most 
crippling panels. Photostress was applied to the skin side of some crippling panels. 
Thermocouples were attached to the elevated temperature and thermal gradient panels to 
monitor skin and stringer temperatures and to control radiant heat lamps or heating pads. 
Full panels were instrumented with electronic deflection indicators (EDIs) to measure panel 
normal deflections. A Wiedemann-Baldwin PD-1M deflectometer in conjunction with an 
MD-2B recorder was used to obtain load versus head travel data for all panels. 

2.4 TEST PROCEDURE 

The panels were installed and aligned in the test fixture. All gages were set to zero. 
Uniform bearing from the load heads was provided by shimming. When required, heat was 
applied by radiant heat lamps for the crippling panels at zero load or by heating pads for the 
full panels at a 40-kip longitudinal load. At test temperature, static loads were applied 
incrementally to permit data collection. Full panels which exhibited little or no visual 
permanent deformations and minimal permanent strain after ultimate load were retested to 
establish another b.axial test point. 

(¡I, ,*llp dpi '•IJtWliilHiüffiii ■8HH 
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3.0 TEST RESULTS 

Measured dimensions, strains, normal displacements, temperatures, and material 

coupon data are provided in the appendixes. 

3.1 ULTIMATE LOADS AN1' 1 EST TEMPERATURES 

A tabula ed summary showing ultimate loads, gross stresses, and test temperatures is 
presented in table 1. The ultimate loads given are the maximum biaxial compression loads 

for the panel. 

3.2 FAILURE REMARKS 

Crippling panel postfailure photographs are shown in figures 17 through Id. For the 1C 
and MIC panels, ultimate load coincided closely with buckling of the skin between all 
stringers. Ultimate load for the IVC nanels occurred when the skin buckle, between the side 
restraint cud the tab stiffener, progressed through the tab and on across the panel. 

Full panel postfailure photographs are shown in figures 20 through 23. All IF, IIIF. 
and I VF panels reached ultimate load in a biaxial bending mode (general instability), similar 
to an unstiffened plate in compression. Some of these panels also had local buckling. At 
ultimate load, the IVF-E panel was in the second general instability mode with two half 
wavelengths in the transverse direction. The 11F panels appeared to reach ultimate load in a 
local mode with the skin buckling between stringers. 

3.3 STRESS RATIO DATA 

The close rclatkmship of the test data from each full panel type to a particular 
interaction curve is illustrated in figures 24 through 26. As shown, two types of stress ratios, 
R and R, based on the allowable mechanical gross stress at room temperature and 
tempe .ature condition, respectively, are used. 

Comparison in figure 27 of the panel test points to the interaction curve (ref. 3) of 
unstiffened panels demonstrates the significant effect of the stiffener on the shape ot the 
curve. Hence, the stiffener-to-skin stiffness ratio (EI/Dbs) effect should be evaluated in 
analysis and design applications. 



4 0 CONCLUSIONS AND RECOMMENDATIONS 

The results of tests on integrally stiffened 6AI-4V titanium compression panels in this 
report include crippling specimens and full-length panels. The cripphng specimens were 
loaded in ,„„ax: d eL,predion a, mop, temperature or 450» F. The fuUde^i ptne a were 
loaded in uniaxial or biaxial compression at room temperature or with a thermal gradu . 

It is recommended that these data be used in establishing the validity of existing 
analytical methods or in the development of new methods. Of particular interest is the el 
agreement the biaxial test data exhibit to the interaction curve 

Ri 
1.5 

+ Rt~ — 1-0- 

In addition, the test data can be used as direct verification of actual design hardware 

within the range of the test specimens. 

4PRBCSDIN3 PAGE-BLANK-NOT FIIMSD 
..i.mi...— 

7 



REFERENCES 

Kiellman, W., An Investigation of the Deformation Properties of Soils (Om 
Undersokning av Jordartcrs Deformations Egenskaper), Tekmsk Tuisknlt (Stockholm), 

No. 8. August 1936. 

Kupfer, H„ Hilsdorf. H„ and Rusch. H„ “Behavior of Concrete Under Biaxial 

Stresses,” ACI Journal. August 1969. 

Johnson, J. H., “Critical Buckling Stresses of Simply Supported Flat Rectangular Plates 
Under Combined Longitudinal Compression. Transverse Compression and Shear. 
Journal of the Aeronautical Sciences, Vol. 21, No. 6, pp. 41 1-416. June 1954. 



TABLE 1.-ULTIMATE LOADS, STRESSES, AND TEST TEMPERATURES 

Loads Gross st resses3 Nominal 
temperature 

(°F) Panel Longitudinal 
(kip) 

Transverse 
(kip) 

Longitudinal 
(kfi) 

Transverse 
(ksi) 

1C A 
IC B 
ICC 
IC D 
IC E 
IC F 

894 
927 
900 
639 
616 
634 

0 
0 
0 
0 
0 
0 

110.5 
114.8 
111.3 

79 2 
76.4 
78.6 

0 
0 
0 
0 
0 
0 

70 
70 
70 

450 
450 
450 

IFA 
IF B 
IF B 
IF C 
IF D 
IF E 
IF F 
IF F 

688 
588 

300 
625 
628 
520 
510c 
499 

0 
184.2 
145.8 
61.8 

120.3 
77.1 
99.9 

115 8 

85.1 
7 28 

37 1 
78.0 
76.7 
63.2 
628 
61.6 

0 
18.3 
14.5 
6.16 

11.75 
7.51 
9.83 

11.4 

70 
70 
70 
70 
70 

Gradient15 
Gradient 
Gradient 

ufa 
IIF B 

250 
240 

0 
0 

99.6 
95.7 

C 
0 

70 
70 

MIC A 
IIIC B 
nice 

731 
707 
722 

0 
0 
0 

114 0 
110.1 
112.4 

0 
0 
0 

70 
70 
70 

IMF A 
IMF B 
IIIFB 
IIIF-C 

515 5 
449.5 
180d 
51 

10.8 
237 0 
404.0 
473 76 

79.3 
69.0 
29.3 

7 88 

1.18 
25 7 
43.9 
52.1 

70 
70 
70 
70 

IVC A 
IVC B 
IVC-C 

825 
825 
815 

0 
0 
0 

129.0 
129.0 
127.5 

0 
0 
0 

70 
70 
70 

IVF A 
IVFB 
IVF B 
IVF-C 
IVF-C 
IVF-D 
IVF-D 
IVF D 
IVF E 
IVF E 

361 
232 
392 

42 
366 

42 
310f 
333 
236 
346 

58.2 
92.7 

0 
124.2 

0 
117.9 
49 8 
24.9 

115.8 
0 

55.4 
36.2 
61.0 

6.5 
56.6 

6.72 
49.5 
53.2 
36.9 
54.3 

7.6 
12.2 

0 
16.2 

0 
16.0 
6.75 
3.38 

15.25 
0 

70 
70 
70 

Gradient 
Gradient 

70 
Gradient 
Gradient 
Giadient 
Gradient 

Stresses based on loads d.v.ded by measured areas for the IF, IMF, and IVF panels All other stresses based on 

loads divided by nominal areas. Intercostal attached flange area on IMF panels is neglected. 

bSkin at 70* F, flange at 320*F. 

cFstimated- panel reached 500 kip and was very near ultima.e. 

dF langes at lonÿtudinal load head had visual local deformations prior to the start of this test point. 

e Post test inspection indicated that normal restraints at longitudinal load heads -n one side stringer probably 

failed prior to ultimate load. 
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FIGURE 6.-PANEL WELD LOCATIONS 
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I__ 
Transverse 
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Actuators electronically 
synchronized to act as 
a single unit transverse 
loading head 

FIGURE 7,—BIAXIAL TEST JIG FOR FULL PANELS 
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FIGURE 8.-TRANSVERSE LOAD BRUSH ASSEMBL Y USED ON FULL PANELs,
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Typical Side—Full Panel 

Typical Side-Crippling Panel 

FIGURE 9.-EDGE CC Wl TIONS A T PANEL SIDES 
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FIGURE 15.-STRINGER CROSS TIE CONCEPT 
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Applied stress 
Allowable stress 

L “ Longitudinal 

T *• Transverse 

Flanges a» longitudinal load head had visual local deformations 

prior to the start of this test. 

FIGURE 25.-STRESS RATIO INTERACTION DATA FOR TYPE IIIF PANELS 
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A * 

I * 

B = 

Test point for panels with 3 stringers 

Ets^ /12 (1 ), skin EI, Dbs = Stiffener to skin stiffness ratio 

flexural stiffness 

A/bjtj = Stiffener-to skin area ratio 
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APPENDIX A 

MEASURED DIMENSIONS 

In Hus section measured dimensions of the 28 test panels are given. For < 
type a figure showtng measurement locations and symbols ,s followed by 

measurements. 

each panel 
tabulated 





TABLE A-la.-MEASURED DIMENSIONS FOR TYPE I AND II PANELS 

Panel 
Measure 

ment 
plane 

ls 
Intersection of plane W1 w2 w3 w 

DD E E FF 

IF A AA 
BB 
CC 

0.2548 
0 2540 
0.2530 

0.2520 
0.2515 
0 2520 

0.250 
0 251 
0.250 

7.150 
7.150 
7.200 

13 950 
13 950 
13 950 

20 75 
20 75 
20.748 

28 00 
28 00 
28 00 

IF B A A 
BB 
C C 

0 243 
0.242 
0254 

0.250 
0.249 
0.254 

0 253 
0,254 
0.242 

7 10 
7.15 
7.12 

13 90 
1391 
13 92 

20 73 
20 73 
20.74 

28 00 
28 00 
28.00 

IF C A A 
BB 
CC 

0.2485 
0.2460 
0 2471 

0.2485 
0.2492 
0.2479 

0.2485 
0.2481 
0.2478 

7.140 
7.139 
7.150 

13.930 
13.930 
13.940 

20 735 
20 735 
20 735 

28 00 
28 00 
28.00 

IF D A A 
B B 
C C 

0.2550 
0.2560 
0 2550 

0.2530 
0.2530 
0.2545 

0.2550 
0.2585 
0.2568 

7 150 
7.150 
7.150 

13.930 
"13 930 
13.960 

20 740 
20 74C 
20 750 

28 00 
28 00 
28 00 

IF E A A 
BB 
CC 

0 254 
0 253 
0.250 

0.256 
0 255 
0.254 

0 255 
0.256 
0.254 

7.150 
7.150 
7 150 

13.91 
13.90 
13.85 

20 79 
20.80 
20.80 

28 00 
28 00 
28 00 

IF F A A 
BB 
CC 

0.2513 
0..514 
0.2515 

0 2510 
0 2538 
0.2520 

0.2510 
0 2485 
0.2515 

7.110 
7.110 
7.110 

13.928 
13 930 
13.930 

20.741 
20.741 
20.741 

28.000 
28 000 
28.000 

IC A 
IC 8 
ICC 
IC D 
IC E 
IC F 

BB 
BB 
BB 
BB 
BB 
BB 

0.2580 
0.2565 
0.2536 
0.2468 
0.2496 
0.2501 

02547 
0.2558 
0.2533 
0.2495 
0.2486 
0 2556 

0 2519 
0.2536 
0 2527 
0.2468 
0.2452 
0 2529 

7.139 
7.173 
7.182 
7.140 
7.144 
7.175 

13.915 
13.957 
13.966 
13.922 
13.943 
13.961 

20.747 
20.738 
20.750 
20 738 
20 750 
20 742 

28 004 
28.004 
28.003 
28 001 
28 004 
27 986 

HF A A A 
BB 
CC 

0.1301 
0.1288 
0.1295 

0.1315 
0.1295 
0.1298 

0.1302 
0.1280 
0.1295 

3.642 
3.639 
3.645 

6.955 
6.946 
6.955 

10.247 
10.248 
10.251 

14.038 
14.033 
14 028 

IF B A A 
BB 
C-C 

0.1265 
0.1248 
0 1266 

0.1241 
0.1260 
0.1240 

0.1260 
0.1260 
0.1255 

3.663 
3.656 
3.662 

6.967 
6.962 
6.968 

10.256 
10.256 
10.256 

14.011 
14.011 
14.012 



TABLE A-lb.-MEASURED DIMENSIONS FOR TYPE I AND U PANELS (CONTINUED! 

Panel 
Measure¬ 

ment 
c 'l 
Strmaer c bf Stringer c tw Stringer 

plane i "2 “3 i 2 3 i 2 3 

IF A A A 
B B 
CC 

0^62 
0.1635 
0.163 

0.159 
0 162 
0 160 

0.156 
0.153 
0.159 

1.103 
1 100 
1 098 

1.104 
1.106 
1.109 

1 095 
1.099 
1.102 

0.113 
0.112 
0 1 10 

0 117 
0.116 
0 118 

0 120 
0 119 
0.119 

IF B A A 
B B 
CC 

0.160 
0.159 
0 155 

0 162 
0.156 
0 152 

0.15? 
0.157 
0.-56 

1.113 
1.109 
1 109 

1.105 
1 109 
1 107 

1.106 
1.108 
1 106 

0.119 
0.120 
0.119 

0 117 
0.121 
0.118 

0.123 
0.120 
0.112 

IF C A A 
B B 
CC 

0.1550 
0.1600 
0.1555 

0.1580 
0 1602 
0 1569 

0 1600 
0.1633 
0.1625 

1.1010 
1.1035 
1.1040 

1.1080 
1.1008 
1.1015 

1 0990 
1.1032 
1.1060 

0 1195 
0.1160 
0.1185 

0.1185 
0.1132 
0.1175 

0.1245 
0.1160 
0.1179 

IF D A A 
B B 
CC 

0.1600 
0.1600 
0 1610 

0.1580 
0.1635 
0.1645 

0.1610 
0 1630 
0 1580 

1.1050 
1.1025 
1.1034 

1 1095 
1.1095 
1.1098 

1.1050 
1 1042 
1.1035 

0.1190 
0.1190 
0.1190 

0.1192 
0.1190 
0.1195 

0.1199 
0.1190 
0.1190 

IF E A A 
B B 
CC 

0.15: 
0.157 
0 161 

0 162 
0.165 
0.164 

0.157 
0.161 
0.159 

1 098 
1 107 
1.106 

1.108 
1.105 
1.104 

1.105 
1.104 
1 102 

0.128 
0.121 
0 125 

0.116 
0 118 
0.118 

0 118 
0 120 
0.118 

IF F A A 
B-B 
CC 

0 1579 
0.1578 
0 1605 

0.1583 
0 1584 
0 1583 

0.1640 
0.1569 
0.1579 

1.1090 
1.1100 
1.1115 

1..050 
1.1102 
1.1105 

1.1080 
1.1095 
1.1093 

0.1120 
0 1192 
0.1195 

0.1185 
0.1185 
0.1190 

0.1180 
0.1120 
0.1165 

ICA 
ICB 
ICC 
IC D 
ICE 
IC F 

B B 
B B 
B B 
B B 
B B 
B B 

0.1610 
0.1604 
0.1600 
0.1605 
0.1609 
0.1579 

0.1600 
0.1614 
0.1608 
0.1593 
0.1594 
0.1590 

0.1613 
0.1609 
0.1610 
0 1603 
0.1614 
0.1587 

1.0954 
1.1012 
1.0972 
1.0978 
1.0943 
1.0956 

1.1004 
1.1036 
1 0981 
1.0943 
1.0965 
1.0973 

1 0958 
1 0987 
1 0949 
1.0985 
1.0918 
1 0964 

0.1236 
0.1204 
0.1179 
0.1254 
0 1228 
0.1197 

0 1283 
0.1241 
0.1205 
0.1260 
0.1194 
0 1224 

0.1206 
0.1290 
0 1230 
0.1209 
0 1183 
0.1258 

IIF-A A A 
BB 
CC 

0 1390 
0.1392 
0.1383 

0.1383 
0.1405 
0 1400 

0.1380 
0.1380 
0.1381 

1.0933 
1.0934 
1.0943 

1.0897 
1.0986 
1.0905 

1 0924 
1 0917 
1.0929 

0.1011 
0.1030 
0.1013 

00999 
0.1112 
0 0995 

0.1008 
0.1020 
0.1042 

HF B A-A 
B B 
c-c 

0.1395 
0.1400 
0.1400 

0.1392 
0.141C 
0.1401 

0.1370 
0 1387 
0.1405 

1.0975 
1.0943 
1.0962 

1.0952 
1.0933 
1 0958 

1.0970 
1.0955 
1.0962 

0.1012 
00985 
0.1018 

0.0997 
0.0979 
0 0995 

0.1027 
0.1031 
0.1017 

*lw rneasurec* ab°ve weld 



TABLE a-Ic.-MEASURED DIMENSIONS FOR TYPE / AND // PANELS (CONCLUDED} 

Panel 
Measure 

ment 
hw Stringer 

L L L 

Plane 
DD 

Plane 
E E 

Plane 
FF 

plane 1 2 3 ~ 

IF A AA 
B B 
C C 

1 685 
1.680 
1.680 

1 680 
1.678 
1.690 

1.690 
1 679 
1 692 

40.30 40.30 40.30 

IF B AA 
B B 
CC 

1 703 
1 689 
1 686 

1 676 
1 676 
1 687 

1.685 
1.794 
1.694 

40.30 40 30 40.30 

IF C A A 
B B 
CC 

1.696 
1 688 
1 695 

1.685 
1 687 
1 688 

1.692 
1 689 
1 697 

40 330 40.330 40.330 

IF D A A 
B B 
CC 

1.687 
1.676 
1.6875 

1.668 
1 680 
1 688 

1.678 
1.680 
1 685 

40.300 40 300 

-”1 

40.300 

— 

IF E A A 
B B 
CC 

1.640 
1.668 
1.672 

1.690 
1.775 
1.673 

1.673 
1.776 
1.671 

40.30 40.30 40 30 

I 

1F F A A 
B B 
C-C 

1.674 
1 682 
1.685 

1 683 
1.684 
1.684 

1 689 
1.687 
1 6835 

40.300 40.300 40.300 

IC A 
IC B 
ICC 
ICO 
IC E 
IC F 

BB 
B B 
B B 
B B 
B B 
B B 

1.7085 
1.6927 
1.6914 
1.7095 
1.7057 
1.6898 

1 7102 
1 6882 
1.6885 
1.7109 
1.7056 
1 6867 

1.7122 
1.6939 
1 6940 
1.7141 
1.7073 
1 6929 

7.004 
6.998 
7.013 
6.999 
7.010 
7.004 

7.004 
6.997 
7.011 
7.000 
7.005 
7 003 

7.007 
6 998 
7.012 
7.001 
7 005 
7 003 

IIF-A AA 
B B 
CC 

1.1149 
1 1154 
1.1180 

1.1119 
1 1162 
1.1112 

1.1052 
1.1151 
1.1126 

40.289 40 290 40 290 

HF B AA 
B B 
CC 

1.1129 
1.1094 
1.1159 

1.1161 
1.1120 
1.1198 

1.1106 
1.1123 
1.1210 

40.269 

_ 

40 268 40.268 

48 
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TABLE A-2a.-MEASURED DIMENSIONS FOR TYPE III PANELS 

Panel 
Measure^ 

ment 
plane 

’s 
Intersection 

of C C 
W1 w2 w3 w C/J

 

(O
 1—
—

 

i 2 3 

IMF A A A 
B B 
CC 

0.201 7 220 
7 220 

13.960 
13 965 

20 720 
20 720 

28.020 
28 025 

0.126 
0 127 

_..4- 

0 126 
0 127 

0 123 
0 123 

IIIF B A A 
B B 
C C 

0.203 7 180 
7.200 

13.945 
13 960 

20 695 
20 690 

28 020 
28020 

0 126 
0 126 

0 124 
0 126 

0 128 
0 128 

IMF C A A 
B B 
CC 

0.201 7 207 
7 205 

13 958 
13 950 

20 720 
20 700 

28 050 
28 025 

0 127 1 
0 127 

0 126 
0.126 

0 128 
0 127 

IIIC A 

me B 

B B 
D D 

B B 
DO 

0.2078 

0 2038 

7 202 

7 240 

13 950 

13 948 

20 6995 

20 712 

28.000 

28 00 

0.1192 

0 1215 

0.1218 

0.1198 

0 12.0 

0 1181 

me c B B 
D D 

0 200 7 231 13 950 20 70 28 00 0.1235 0.1191 0 1219 

_ 

Panel 
Measure¬ 

ment 
plane 

bf 
Stringer Stringer Stringer 

1 2 “3 i 3 1 2 3 

IIIF A A A 
B B 
CC 

1.105 
1.104 

1.103 
1 103 

1 105 
1.100 

0 133 
0 133 

0.137 
0.134 

0 138 
0.137 

1.273 
1.270 

1.278 
1.282 

1 279 
1 281 

IMF B A A 
B 8 
CC 

1.103 
1.102 

1.100 
1 102 

1 100 
1 093 

0.123 
0 123 

0 120 
0.121 

0.119 
0.120 

1.284 
1.278 

1.280 
1.266 

1 282 
1.248 

IIIF C A A 
B B 
C C 

1 103 
1.104 

1.104 
1.103 

1.103 
1.104 

0.124 
0.124 

0.126 
0 125 

0.125 
0.124 

1.276 
1.284 

1 1.274 
1 285 

1.277 
1.276 

-- 

me a B B 
DO 

1.1042 1.1035 1.1055 0.1190 0.1178 0.1195 1.2800 1.2900 1.2890 

me b B B 
D D 

1.1002 1.1030 1 1010 0.1264 0 1295 0 1281 1.271 1 273 1 260 

mee B B 
D D 

1.105 1.094 1.110 0.125 0 123 0 135 1.260 1.2670 1 255 

i|M     pWff ■■■■I H|¡¡¡li ff 



TABLE A-2b.—MEASURED DIMENSIONS FOB TYPE III PANELS ICONCL UDEDI 

Panel 
Measure 

ment 
plane 

S 
V 

2 
V 

3 n 4 
K 

5 “c L 
1 at 

hk 

1 

'x 

IMF A A A 
B B 
C c 1 2 005 8 760 15 160 21.710 28 4'0 34 805 37.100 0 701 0.207 

IMF B 

4 
A A J 

[ B B 
' C C - 2 080 8 653 15 195 21 730 28 30 34 825 37 100 0 701 0 202 

Il IF C AA 
B B 

" r c 2 090 I 8 640 15 175 21 725 28 30 34 822 37 100 0 696 0 203 

IIIC A B 6 
DD 3 4002 1 

7 00 0 683 0 2093 

IIIC B B B 
D D 3 397 

j 7.00 0 682 0 2060 

Il ICC B B 7.00 0.685 0 2080 

1- 
D D 1 3 jyu 

- J--- 

Panel 
Measure¬ 

ment 
plane 

Tab 2 Tab 3 Tab 4 
b 

Inter 
b 
cost_aj_ 

bk 'x 
.~T 

bk lx bk •x 1 2 

IMF A 1 

IIIF-B 

IIIFC 

CC 

CC 

CC 

0.704 

0.699 

0.705 

0.203 

0.203 

0.201 

0 703 

0.703 

0 70? 

0.207 

0.203 

0 203 

0.702 

0.703 

0.700 

0.202 

0.203 

0.199 

1 258 

1.238 

1.259 

1.249 

1.256 

1 256 

Panel 
Measure- 

ment 
plane 

bh bt lu 

Intercostal Intercostal Intercostal Inter :ostal 

1 2 1 2_ 1 2 _J_ 2 

IIIF-A c"c 3.176 3 184 3 309 3 301 0.124 

0.121 

0.122 

0.121__ 

0.124 

0 125 

0.120 

0 127 
Il IF B CC 3.184 3.183 3.316 3314 

0.121 0.121 
, liiF-C CC 3.186 3.180 3.313 3.309 0.122 0.123 

51 
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APPENDIX B 

STRAIN. NORMAL DISPLACEMENT. AND THERMOCOUPLE DATA 

, nil ,,,,1 tK-rmocounlc locations and readings arc presented m this 
sectUnlTnleï otlter^ norei pges reroed.y a, the beginning of tire tes. serres on 

any one panel. 

Doc to Poisson effects, transverse strains are often of opposite stgn to longilodn.al 

strains. 

Constanta,, foil strain *rges were owd on 

measuie thermal strains winch were not pur t elevated and gradient 
self-compensating nickel chromium alloy gages were eised lor 

temperature tests. 

PRBCKDIN3 PJtßE- BLANK-NOT FILMED 
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( ) Gage location 
(near side) 

® ir® ir’® 
(Ti © ® 

Section A-A 

Gage location 
(far side) 

EDI attachment 
location 

FIGURE B-2.-G AGE LOCATIONS FOR TYPE U F PANELS 
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TABLE B-1.-STRAIN GAGE DATA FOR TYPE IC PANELS 

Panei 

Panel IC E_ P ne' IC P ,- 
Stress* 

(ksi) Load 

Stress* 
(ksi) Load 

Stress' 
(ksi) 

(ktp) Gaoe no (kip) Gage no (kip) Gage no. 

B —R — u C U 

0 
200 
400 
600 
650 
700 
750 
800 
850 
900 

0 
24 5 
46 8 
67 1 
72 2 
77 1 
81 8 
86 5 
91.0 

0 
29 7 
55 4 
82 2 
88 9 
96 1 

102.5 
109 2 
114.5 

5 
100 
200 
300 
375 
400 
425 
450 
475 
5&' 
525 
550 
575 
600 
616 

4.1 
13.2 
24.2 
35 7 
44 6 
47.6 
50.7 
54 1 
57.4 
609 
64 2 
67.6 
71 5 
678 

2 2 
107 
22 0 
334 
420 
44 8 
47 8 
509 
539 
57 3 
60 7 
64 5 
69 1 
91 3 

5 
100 
200 
300 
375 
450 
475 
500 
525 
550 
575 
590 
600 
610 
620 
634 

2 6 
10 8 
21 0 
32 4 
41 2 
50 0 
528 
55 8 
59 2 
624 
659 
68 2 
69 a 
70.9 
68.3 

1 5 
10.3 
21 0 
32 4 
41 1 
50 0 
52 8 
55 8 
58 8 
61 9 
65 4 
68 0 
70 4 
735 

\ 

‘Apparent stress based on E 3 17 x 10^ ksi (+ compression) 
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TABLE B-10b.-STRAIN AND NORMAL DISPLACEMEI\ T DATA FOR PANEL III F A 
(CONCLUDED) 

Load 
(kip) 

Strain-Transverse' i/iin./in ) 

Long. Trans 1C 2C 3C 4C 5C 6C 9 10 11 12 

40 
191 
295 5 
397.5 
499 
425 
450 
475 
500 
515.5 

0 

10 2 
9 9 

10 8 
108 
10.3 
69 
7.5 
8.4 
9.9 

10 8 
0 

48 
420 
651 
936 

3474 
1296 
1620 
2343 
3489 
4146 
1758 

18 
555 
876 

1179 
666 
931 
786 
222 
657 

1137 
2298 

36 
396 
60G 
759 
201 
708 
600 
318 
156 
483 
582 

45 
507 
822 

1221 
2588 
1485 
1734 
2205 
2970 
3612 

234 

60 
390 
609 
894 

2457 
1212 
1422 
1815 
2682 
3399 
669 

72 
525 
828 

1101 
63 

957 
864 
582 
120 
648 
600 

63 
414 
639 
840 

1992 
1017 
1107 
1320 
1902 

l 
99 

0 
459 
756 

1074 
639 

1107 
1131 
1047 
732 

Jltimate 

L_ÜLj 

3 
375 
606 
852 

1818 
1029 
1125 
1326 
1728 

oad 

Li 

81 
561 
903 

1278 
693 

1338 
1377 
1290 
804 

255 

Load 
(kip) 

Strain—Transverse' (¿itn./in.) 

Long. Trans 13 14 15 16 17 18 19C 20C 21C 

40 
191 
295 5 
397.5 
499 
425 
450 
475 
500 
515.5 

0 

10.2 
99 

108 
10 8 
10.8 
6.9 
7.5 
8 4 
9.9 

10.8 
0 

45 
69 

0 
129 
330 
180 
231 
294 
345 

744 

27 
63 

6 
84 

186 
111 
144 
180 
195 

573 

0 
201 
165 

81 
87 
24 
18 

■69 
99 
Ulti 

570 

0 
177 
153 
93 
18 
63 
30 

3 
6 

Trate loac 
44, 

18 
216 
303 
387 
513 
423 
429 
453 
507 

849 

18 
219 
306 
375 

60 
369 
330 
237 

81 

909 

234 
153 
477 
201 
549 
399 
489 
558 
522 

567 

156 
216 
441 
213 
852 

60 
177 
444 
942 

2262 

153 
243 
546 

39 
438 
438 
522 
564 
429 

339 

Positive expansion 
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TABLE B 11b.-STRAIN AND NORMAL DISPLACEMENT DATA FOR PANEL IIIF-B 

(CONCLUDED) 

Load 
(kip) 

Strain-Transverse" (¿nn /in.) 

Long. Trans 1C 2C 3C 4C 5C 6C 9 10 1 1 12 

114 
129 
204 
209 
212 
300 
300 
340 
449 5 

0 

23 1 
57 9 

116.7 
177 0 
214 5 
229 9 
265 5 
257 1 
237 0 

0 

207 
126 
99 

111 
270 

60 
1020 
2475 

399 

150 
84 

36 3 
801 

1098 
978 

2262 
3120 

420 

108 
60 

246 
564 
750 
336 

2253 
-3177 

375 

132 
57 

267 
711 

1011 
783 
648 

2328 
Ul 

402 

162 
39 

6 
234 
387 
357 

1962 
3252 

tímate lo 
366 

267 
42 

342 
831 

1134 
729 
417 

2409 
ad 

396 

87 
96 

288 
636 
840 
699 

0 
1695 

258 

135 
63 

297 
741 

1035 
861 

2160 
3519 

411 

72 
108 
303 
336 
819 
540 
912 

2154 

216 

105 
126 
369 
870 

1185 
1176 
3045 
3849 

309 

Load 
(kip) 

Strain-Transverse' (pm./m l 

Long. Trans 13 14 15 16 17 18 19C 20C 21C 

114 
129 
204 
209 
212 
300 
300 
340 
449 5 

0 

23 1 
57.9 

116.7 
177.0 
214 5 
229.9 
265 5 
257.1 
237.0 

0 

27 
51 
96 

192 
273 
333 
618 
876 

102 

12 
39 
75 

156 
225 
264 
492 
690 

99 

63 
132 
213 
297 
360 
453 
624 
840 

18 

45 
99 

168 
231 
285 
345 
501 
660 

Ult _u 

30 
54 

135 
273 
339 
171 
252 
540 

imate lot 
L_18_ 

36 
54 

144 
282 
351 
231 
456 
639 

d 
60 

42 
150 
387 
846 

1146 
1065 
1647 
1941 

36 

114 
96 

303 
708 
948 
534 
123 

1023 

468 

39 
186 
450 
918 

1227 
-1146 
-1357 
2043 

21 

Positive expansion 
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APPENDIX C 

MATERIAL COUPON DATA 

Material coupons cut from each individual full panel were tested to es,ab‘‘s1' 
material property data given in table C-l. Most coupons were cut from excess material 
panel ends. In a few cases, as noted, the coupons were cut from the panels after testing. 

93 



TABLE C-1»-MATERIAL PROPERTY DATA 

aRamberg-Osgood exportent 

“ longitudinal, T * transverse 

cPosttest coupons 

tí PRECSDIÍO PAGE* BLAÎJK-NO? PIIMD 
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r 

tari F C-1b-MATERIAL PROPERTY DATA 
¡CONTINUED) 

Panel 

Material property 

cy 
(ksi) 

IF E 

IF F 

138.9 
143.9 
859 
90 7 

139 4 
144 3 
88 1 
88 6 

143 2 
88 4 

140.3 

(10 

Ec 
3 ksi) 

136.5 
146.1 
85 8 
93 8 

137.6 
145.3 
89.8 
89 7 

141 9 
89.0 

141.6 

11F A1' 

IIF B 

141.6 
147.6 
89.8 
90.8 

143.4 
145 9 
90.7 

145.3 
89 2 

145.5 
143.7 

17.3 
17.2 
15.4 
15 6 
17 3 
16 9 
15 7 
15 7 
17 8 
'5.7 
17 4 

17.2 
17.3 
15.6 
15.6 
17 4 
17 0 
15 4 
15.6 
17.8 
15 5 
17.5 

27.0 
31.0 
33.0 
34 4 
27 3 
265 
33 0 
28 0 
24.0 
29.0 
24 5 

Grain 
direction ' 

144.3 
149.6 
89 3 
85 7 

146.9 
141.7 
89.7 
88.6 

17 0 
17 4 
16.3 
15.4 
17.0 
17.2 
156 
17.5 
15.2 
17.5 
17.7 

23.6 
20 7 
240 
33.5 
24 5 
22.0 
25.0 
22.6 
22.6 
260 
22.0 

17.3 
17.3 
17.0 
15.4 
18 2 
16.8 
15.3 
I5.t 

27 0 
30.0 
25.0 
31 6 
22 8 
27.6 
24.0 
21.2 
16.2 
19.6 
20 2 

24.2 
23.0 
19.2 
24 0 
23.0 
27.0 
22.5 
21.0 

aRamberg Osgood exponent 

bL = longitudinal, T = transverse 
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L 
L 
L 
L 
L 
L 
L 
T 
T 
T 
T 

L 
L 
L 
L 
L 
t 
L 
T 
T 
T 
T 

L 
L 
L 
L 
L 
L 
L 
T 
T 
T 
T 

T 
L 
T 
L 
T 
L 
T 
L 

Temp 

(°F) 

70 
70 

450 
450 

70 
70 

450 
450 

70 
450 

70 

70 
70 

450 
450 

70 
70 

450 
450 

70 
450 

70 

70 
70 

450 
450 

70 
70 

450 
70 

450 
70 
70 

Coupon 

location 

Skin 
Flange 
Skin 
Flange 
Skin 
Flange 
Skin 
Skin 
Skin 
Skin 
Skin 

70 
70 

450 
450 
70 
70 

450 
450 

Skin 
Flange 
Skin 
Flange 
Skin 
Flange 
Skin 
Skin 
Skin 
Skin 
Skin 

Skin 
Flange 
Skin 
Flange 
Skin 
Flange 
Skin 
Skin 
Skin 
Skin 
Skin 

Skin 
Skin 
Skin 
Skin 
Skin 
Skin 
Skin 
Skin 



TABLE C-1c.~ MATERIAL PROPERTY DATA (CONTINUED) 

Material property 
Grain 

direction^ 

Temp 

l°F) 

Coupon 
location Panel ’ey 

(ksi) 

Ec 
(103 ksi) 

"c3 

IMF A 

137.4 
143 0 
94 1 
87.3 

146.6 
139 3 I 
139 4 
88.1 

141.8 
140 r. 

16.6 
169 
158 
15.0 
17.2 
18.6 
19 4 
15.3 
18.2 
17.1 

28.0 
27 3 
34 5 
29 6 
25 2 
28 0 
24 8 
27 2 
25 8 
29 6 

L 
L 
L 
L 
L 
L 
T 
T 
T 
T 

70 
70 

450 
450 

70 
70 
70 

450 
70 
70 

Skm 
Flange 
Flange 
Skin 
Flange 
Skin 
Skin 
Skin 
Skin 
Skin 

IMF B 

137 2 
146.7 
93.3 
85 7 

146.4 
135.5 
140 9 
91.5 

141 6 
141.3 

17.1 
17.0 
15.5 
15 2 
17.2 
16.8 
17.3 
17,2 
17.5 
17 4 

25.2 
26.0 
36 0 
29.6 
27.4 
28 0 
25 0 
25 2 
224 
26.2 

L 
L 
L 
L 
L 
L 
T 
T 
T 
T 

70 
70 

450 
450 

70 
70 
70 

450 
70 
70 

Skin 
Flange 
Flange 
Skin 
Flange 
Skin 
Skin 
Skin 
Skin 
Skin 

IIIF C 

136.2 
146.1 
940 
870 

147 5 
133.9 
138.4 
900 

138.7 
140 0 

17.5 
17.8 
15 3 
15.3 
17.2 
17.5 
19.3 
17 8 
17 5 
17.4 

27.3 
29.5 
40.0 
28.0 
27 0 
24.5 
21.8 
22.2 
24.2 
26.0 

L 
L 
L 
L 
L 
L 
T 
T 
T 
T 

70 
70 

450 
450 

70 
70 
70 

450 
70 
70 

Skin 
Flange 
Flange 
Skin 
Flange 
Skin 
Skin 
Skin 
Skin 
Skin 

IVF-A 

136.0 
148.9 
88 4 
S6.4 

137.4 
146.9 
89.7 

140.5 
90.2 

143.3 
142.8 

17.0 
17.3 
15.3 
15.2 
16.8 
17.1 
15.1 
18.8 
15.8 
17.4 
18.4 

26.2 
33.0 
22.8 
35.0 
25.8 
25.2 
25.0 
17.6 
24.6 
23.2 
15.2 

L 
L 
L 
L 
L 
L 
L 
T 
T 
T 
T 

70 
70 

450 
450 

70 
70 

450 
70 

450 
70 
70 

Skin 
1 Flange 

Skin 
Flange 
Skin 
Flange 
Skin 
Skin 
Skin 
Skin 
Skin 

aRamberg-Osgood jxponent 

bL * longitudinal, T * transverse 
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TABLE C- Ici.-MA TE R! AL PROPERTY DATA (CONCLUDED) 

Material ^loperty 
Grain 

direction^ 

Temp 

<°F) 

Coupon 
location Panel 

(ksi) 

Ec 
(103 ksi) 

"c3 

IVF Bc 

138 9 
148 6 
98.2 

106 7 
137 5 
148.7 
99 5 

144 2 
103.5 
147.2 
147.6 

17 4 
17 8 
15.8 
16.2 
17.1 
17.7 
15 8 
17.7 
16 7 
17 9 
17.9 

29.4 
24 8 
38 0 
35 5 
30 2 
266 
34 8 
23 8 
24 8 
24 0 
21 0 

L 
1 
L 
L 
L 
L 
L 
T 
T 
T 
T 

70 
70 

320 
320 

70 
70 

320 
70 

320 
70 
70 

Skin 
Flange 
Skin 
Flange 
Skin 
Flange 
Skin 
Skin 
Skin 
Skin 
Skin 

IVF-C 

142.9 
150.4 
91.2 
96.4 

138.4 
151.5 
89.8 

145.3 
94.2 

145.1 
145.1 

17 3 
17 4 
15 6 
15 6 
16.5 
17.1 
16 7 
17 7 
16.4 
17 3 
17.5 

22.8 
33.6 
25 2 
37 4 
24.0 
33 4 
304 
24.0 
22 6 
21 8 
22.8 

L 
L 
L 
L 
L 
L 
L 
T 
T 
T 
T 

70 
70 

450 
450 

70 
70 

450 
70 

450 
70 
70 

Skin 
Flange 
Skin 
Flange 
Skin 
Flange 
Skin 
Skin 
Skin 
Skin 
Skin 

IVF Üc 

140.3 
145.5 
101.7 
104.8 
137.5 
143.4 
99.8 

1417 
104.9 
140.5 
139.6 

r~ ~ 

17 9 
17 9 
16.0 
15.8 
17 4 
17.1 
15.9 
17.9 
16.6 
17.3 
17.7 

17.3 
290 
18.6 
33.0 
18.0 
27.0 
18.8 
15.6 
17.2 
15.8 
17 2 

L 
L 
L 
L 
L 
L 
L 
T 
T 
T 
T 

70 
70 

320 
320 

70 
70 

320 
70 

320 
70 
70 

Skin 
Flange 
Skin 
Flange 
Skin 
Flange 
Skin 
Skin 
Skin 
Skin 
Skin 

IVF E 

133.1 
144.6 
86.9 
93.5 

133.7 
145.2 
90.0 

140.0 
90.0 

140.3 
138 9 

16 8 
18.0 
15.1 
15.2 
16.6 
17.1 
159 
18.1 
15.9 
20.3 
18.9 

20.2 
28.6 
22.0 
:1 o 
?r.4 
24.0 
22.8 
23.2 
19.2 
200 
19.4 

L 
L 
L 
L 
L 
L 
L 
T 
T 
T 
T 

70 
70 

450 
450 

70 
70 

450 
70 

450 
70 
70 

Skin 
Flange 
Skin 
Fianne 
Skin 
Flange 
Skin 
Skin 
Skin 
Skin 
Sk«n 

aRamberg-Osgood exponent 

bL • longitudinal, T ■ transverse 
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