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-1 HEEOHET
Steel Plate (=3.2mm) Re- PC
View Panel Initial Deflection; s, Initial Stress;q, Bar Bar
No.  Name 1}‘5‘ B* b o e T st S e ;—: :"“ (I;:) o ({,2)
1 N2025 A 350 250 200 080 78 0.0 C 0.00 0.00 — - - — 3.18 1.09 —
2 N2040 450 400 200 0.50 125 0.0 C 0.00 000 — - - -~ 295 085 —
3 N3030-2 E 400 306 300 100 94 -15 M -47 -50 — - - — 3.05 096 —
4 N3030-1 C 400 300 300 1.00 94 -10 M -31 -33 — — — — 30509 —
5 N3030-0 E 400 300 300 1.00 94 00 M 0.00 0.00 — — - — 3.05 096 —
6 N3030+1 D 400 300 300 1.00 94 07 M 022 233 — - - — 3.05 096 —
7 N3030+2 E 400 300 300 100 94 15 M 047 500 — - - — 3.05 096 —
8 N3035 A 450 350 300 0.88 109 05 C 016 143 — — — — 295 085 —
9 N4020 A 300 200 400 200 63 05 C 016 250 — — — — 336 127 —
10 N4025 A 350 250 400 160 78 10 C 031 400 — — — — 318 1.09 -—
11 N4040-1 C 450 400 400 1.00 125 -30 M -094 -75 — — — _ — 295 085 —
12 N4040-0 A 450 400 400 1.00 125 05 C 016 1.25 — — - — 295 0.8 —
13 N4040+1 D 450 400 400 1.00 125 1.0 M 031 250 -— - - — 295 085 —
14 P2030 B 400 300 200 0.67 94 0.0 C 0.00 0.00 850 F 0.23 0.84 3.05 0.96 0.71
15 P3020 - B 300 200 300 150 63 1.0 C 031 250 950 L 0.26 0.49 3.36 1.27 095
16 P3030-1 C 400 300 300 1.00 94 -1.0 M -0.31 -2.5 320 F 0.09 037 3.05 0.96 0.71
17 P3030-0 B 400 300 300 1.00 94 0.0 C 0.00 000 569 C 0.16 0.66 3.05 0.96 0.71
18 P3030+1 D 400 300 300 1.00 94 0.7 C 022 233 790 F 0.25 0.91 3.05 096 0.71
19 P4040-1 C 450 400 400 1.00 125 -20 M -63 -5.0 270 C 0.08 0.57 2.95 0.85 0.63
20 P4040+1 D 450 400 400 1.00 125 33 M 1.03 825 526 F 0.15 1.12 2.95 0.85 0.63

[1] Material Constants Index ; See Table 2

[2] Position of Initial Maximun Deflection ; Midspan / Corner

[3] Shape of Distribution of Initial Stress ; Flat / Linear / Concave ; See Fig.3

Notation; B is breadth of steel plate : @, b and ¢ are length, breadth and thickness of view panel,
respectively : p is ratio of steel area to concrete area.

Unit; * in mm : ** in kgfiem?® : 6, /b (x10°)
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Notation; fsy » [y, e yielding point and ultimate

strength, respectively : E is elastic
modulus : v is Poisson's ratio
Unit in kgf/em®: E (x10°) : E (x10°)
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Boundary Condition o B Y
1) Simple - Simple 1.61 4.06 5.69
2) Simple - Clamped 3.33 15.1 13.9

3)Clamped - Clamped 0.813 4.46 3.39

when a=b & v=0.3
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R-4 RN BT ERDRE
Buckling Stress 0, (kgf/em®) Ultimate Strength
Eigen Value Analysis’  Present Analysis 01y (keficm®)
. . . S];
o e (UL B0 e
CCR CCR CCR 20
1 N2025 3266 1.00 1268 2.58 3203 1.02 2579 2299 1.42 3266 1.00 2740 1.19 1984 1.65
2 N2040 2215 0.68 636 3.48 2278 0.97 2077 1835 1.21 2215 0.68 2184 1.01 1240 1.79
3 N3030-2 3168 1.00 864 3.67 2021 1.57 1440 1534 2.07 3178 1.00 2268 1.40 1603 1.98
4 N3030-1 nom — 84 — 2021 — 1440 1676 — 3071 0.89 2405 1.28 1661 1.85
S N3030-0 1824 057 864 2.11 2021 0.90 1440 1534 1.18 2330 0.73 2268 1.03 1603 1.45
6 N3030+1 488 0.14 864 0.56 2021 024 1440 0  — 2278 0.65 2424 0.94 1742 1.31
7 N3030+2 ©0 0 84 0 2021 O 1440 O 1.00 1659 0.52 1933 0.86 1603 1.03
8 N3035 1035 0.32 630 1.64 1550 0.67 1217 1227 0.84 2333 0.71 2103 1.11 1417 1.67
9 N4020 3266 1.00 18852 1.73 38653 0.85 2810 3129 1.04 3266 1.00 3130 1.04 2480 1.32
10 N4025 1864 0.57 12072 1.54 25942 0.72 1774 2071 0.90 2914 0.89 2511 1.16 1984 1.47
11 N4040-1 non — 471 — 1099 — 810 918 — 2536 0.74 2017 126 1246 2.04
12 N4040-0 1115 0.34 471 236 1099 1.01 810 921 1.21 1099 0.34 1946 0.56 1240 0.89
13 N4040+1 622 0.18 471 1.32 1099 057 810 0  — 1981 0.56 2036 097 1306 1.52
14 P2030 2047 0.57 161 12.7 1925 1.06 1442 1602 1.28 3220 0.88 1814 1.78 1776 1.81
15 P3020 1642 0.45 9942 1.65 30832 0.53 1830 2595 0.63 3289 0.90 2680 1.27 2665 1.23
16 P3030-1 non — 294 — 1452 — 870 1221 — 3426 0.99 1863 1.84 1661 2.06
17 P3030-0 1469 0.40 544 2.70 1701 0.86 1120 1527 0.96 2588 0.71 2221 1.17 1776 1.46
18 P3030+1 1397 0.40 74 189 1231 1.14 650 0  — 3482 0.99 1582 2.19 1742 2.00
19 P4040-1 non — 201 — 829 — 540 804 — 2479 0.72 1703 1.46 1246 1.99
20 P4040+1 137 004 <0 — 573 024 284 0  — 3348 095 1378 243 1306 2.56

Superscript on buckling stress value refers to the half wave number of the mode(m); m=1 where nothing is indicated.
Boundary condition; SS(Simple-Simple) :CC(Clamped-Clamped) :CCR(Clamped-Clamped & inplane-wise Restricted)

"non" in Column [1] shows no buckling has occured.

"0" in [1] or [5] shows the additional bending moment due to initial deflection has been observed at the start of

loading.
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(0) r=1.1(cm)

(1) £'=0.6(cm)

Case a b a b Fult b ' ' ' Cult

No. (cm) (cm) > 3 er %t D%t po,y ¢ %er %t D%t po,/
1 150 300 0.50 273 369 1157 291 3.98 500 131 759 159 4.77
2 100 300 0.33 273 622 1348 291 4.63 500 242 838 159 5.27
3 60 300 0.20 273 2222 2222 291 7.64 500 678 1106 159 6.96
4 150 200 0.75 182 461 1454 436 3.33 333 154 912 238 3.83
5 100 200 0.50 182 692 1546 436 3.55 333 277 988 238 4.15
6 60 200 0.30 182 2270 2270 436 5.21 333 614 1204 238 5.06
7 150 100 1.50 91 1386 2127 873 2.44 167 492 1324 476 2.78
8 100 100 1.00 91 1520 2241 873 2.57 167 461 1507 476 3.17
9 60 100 0.67 91 2640 2640 873 3.02 167 768 1566 476 3.29

Notation; g, b and ¢ are length, breadth and
Unit; o in kgf/em® , o,,;; ; value by Eq.(6)
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(2) w,=b/100

3) g 0 =ss %r

Flat Concave
Case a b 2%t 2% 3%t 3% £l 4%y,
No. (cm) (cm) 2%ult D%l S ss%r 3% 3%t D%t 9, 4% 4%l poyy T
1 150 300 992 341 0.86 159 183 999 3.43 0.86 184 1001 3.44 0.87
3 60 300 1219 4.19 0.55 690 1218 1447 4.97 0.65 1373 1605 5.52 0.72
7 150 100 1935 221 091 1077 614 1075 1.23 0.51 1042 1258 1.44 0.59
9 60 100 1741 1.99 0.66 1181 1372 1475 1.69 0.56 1540 1610 1.84 0.61
Notation; a and b are length and breadth of view panel, respectively :
w,, and 0, are initial deflection and stress imposed on the panel, respectively.
Unit; o in kgf/em® , [0, ; value by Eq.(6)
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ULTIMATE STRENGTH OF THE SKIN STEEL PLATES UNDER COMPRESSION
IN STEEL-CONCRETE SANDWICH MEMBERS

Keiichiro SONODA, Hiroaki KITOH and Yasuc YANAGIHARA

Steel-concrete sandwich members described herein consist of double skin steel plates and core concrete
that have been applied to the structural members, for example, in immersed tunnels. In this paper, the
local buckling behavior of the plates which could affect the ultimate strength of the members is examined
both through the loading tests of 20 model beams having rectangular view plates with various aspect
ratios and initial imperfections and through the numerical analyses of the corresponding compressed plates
considering material and geometrical nonlinearity. Furthermore, a parametric study on real scale plates is
also carried out to verify the validity of an existing design recommendation for sandwich constructions.



