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A Shear Bond Characteristic of Embossed Steel Plates for Open Sandwich Type Composite Beams
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In Japan, there have been developed various embossed steel products for composite construction, for

example, checkered or ribbed plates and tubes with inner or outer embossed surface. The aim of this

study is to evaluate the shear bond characteristics of the embossed steel plates through a bending-shear

test of 30 open sandwich beam specimens, which were developed here as an alternation of the shear
method bond test for deformed steel bars in R/C beam members proposed by RILEM/CEB/FIP.
Checkered plates or ribbed plates were attached on the bottom plates of the specimens. These plates had

various bond lengths and thickness, and headed stud connectors beam welded on some of them. The

obtained shear bond strengths of the plates were compared with the predicted values by direct shear tests

with a confinement stress. Validity of a simple accumulative strength method of the plates and the studs

was also_discussed

Key words: composite construction, embossed steel plate, shear bond characteristics, beam

1 FaAP&

v U= NI AEERRIL - RETHZ LR
e L AREABBERMM, ThbbAMEERICR
FIZ 2SR & T - SeE AT 2 8k V3, HDE O A —
A—-EZHEVEE, A LIN TS, ZOHEMER
s, H AR, AR, 7L OIS LSy, Fe
OEERRUCHTEEAERE AL TN D, BEMTXH
WOBRIETERY v FREOMBMR LT axs 72
LD T8 & 2> 2 U — R OF AR EEISEE
OFRATHLEVEZO—HEERIHESE, VT ax
7 B ORBROW T IOE AL - THOER L W&
FHEOR LI ERTHILOTHD. LrLlLieznd, &
OHEREENTHAMERER, ERAT—Z0EEL LD
<, THEEEOEERERZLNCZOEBR AL
THMET 5 AR FESHL L TBLT, R#EMOE
RAHBERICANT TEOREOERNZEENEENLTY
5.

IOLIREEOLY, EELIIEEMN XM OMNE
FiER EREICEHET < MBS L RERERE
B mtANBREBICLY IS Ry FH AL TD
B AR EERICE T 2 EROIT BT AW ER & FEE)
2TV, T OREEXETAEE-TEREREEER IV
BEAEICS A HETRLbLRREREF & Liz(tER
EEEXIRBRELL. FORELEIC L LERR
FHicHtT 3702, BRENETICRBWTHMNOES

EAERTAWREOEEMLITL & LV, R ZMHEK
BV AR MR L AR ERLEL T, HiE
WA ERICBONTE LN EREREEROBER O
RBEVELTHZERTIETHRN,

=%, Sk sV — MEERNOMNERERREIZE
ZENFhuE, RILEM/CEB/FIPY® ACIPIZ X VREE -
O HITHRORBRIESSH Y, BERS| $REHERE ©
L, LV EBHRSFET COEGBHRETER LS
NTWaA, BT EEEANIER DINEEICRIST
LHZOIHL, TITHARBIETEIS TSP FL v F
W0 EM A RO ABTER S RIE IS T A B D
EEBEXOND. Fin, AWERICELTHIHENE LT
RILEM/CEBFIPD F it % 2R L BRESBORD Y IC R
R & SR A B DA AT IX Y BRI T B ERBRE "L R,
bivs.

DL BREROT, RFFRILHT & ENICHETS
AW & %AT BT VIS 2SR, RILEM/CEB/FIPY
OEREEBRBE LA —T %y A o F i3y HRiE s
B e AMEREITY, BEM SR AVZE
ARAEESM OMEFEH IR TI L LB, KiLfTo
EHETAMER»LEBON(TERERER VOB A%
BiEx OMIRE, HEEOFCHRRTE L4158
L LTn5. ¥, HEMEERERY Y FEEHFA
LT BROSEE R BT X M O ERE DI AT »
FOwABRE Y- OBMBMBEERFRTH DM

—1527—



X1 HERGFHET
Plate Reinforcement
Embossments ratio
Width Effect. Type sort Height Number Bond  Bear. Thick Stud Plate Rebar
height Length  Ratio
B d h, n, =~ L m t p' p
No. Tag. (mm) (mm) (mm) (mm) (mm) (%) (%)

1 SP-6M-1 200 297.0 1 Plain 0.0 0 400  0.0000 6 $16x80 2.02 0.00
2 SR4-6M-1 200 2970 1 Rib 25 4 400  0.0250 6 $16x80 2.02  0.00
3 DR4-6M-1 200 2970 1 Rib 2.5 4 400  0.0250 6 Dummy 2.02  0.00
4 NR4-6M-1 200 2970 1 Rib 2.5 4 400  0.0250 6 Non 202  0.00
5  SR8-6M-1 200 2970 1 Rib 25 8 400  0.0500 6  $16Xx80 2.02 0.00
6  DR8-6M-1 200 2970 1 Rib 2.5 8 400  0.0500 6 Dummy 2.02  0.00
7  NR8-6M-1 200 2970 1 Rib 2.5 8 400  0.0500 6 Non  2.02 0.00
8 SC-6M-1 200 2970 1 Check. 2.5 - 400  0.0696 6 $l6x80 2.02  0.00
9  DC-6M-1 200 297.0 1 Check. 2.5 - 400  0.0696 6 Dummy 2.02 0.00
10 NC-6M-1 200  297.0 1 Check. 2.5 - 400  0.0696 6 Non  2.02  0.00
il SP-6M-2 200 2970 2 Plain 0.0 0 400  0.0000 6 $16x80 2.02 0.95
12 SR4-6M-2 200 2970 2 Rib 2.5 4 400  0.0250 6 $16%x80 202 095
13 DR4-6M-2 200 2970 2 Rib 25 4 400  0.0250 6 Dummy 2.02 095
14 NR4-6M-2 200 2970 2 Rib 25 4 400  0.0250 6 Non 202 095
15 SR8-6M-2 200 2970 2 Rib 25 8 400  0.0500 6 $16x80 2.02 0.95
16 DR8-6M-2 200 2970 2 Rib 25 8 400  0.0500 6 Dummy 2.02 095
17 NR8-6M-2 200 2970 2 Rib 25 8 400  0.0500 6 Non 202 095
18  SC-6M-2 200 2970 2 Check. 25 - 400  0.0696 6 $16x80 202 095
19 DC-6M-2 200 2970 2 Check. 25 - 400  0.069% 6 Dummy 202 095
20 NC-6M-2 200 2970 2 Check. 2.5 - 400  0.0696 6 Non  2.02 095
21  NR4-9M-2 200 2955 2 Rib 25 4 400  0.0250 9 Non  3.05 0.96
22 NR4-12M-2 200 2940 2 Rib 2.5 4 400 00250 12 Non  4.08 096
23  NR8-9M-2 200 2955 2 Rib 25 8 400  0.0500 9 Non 305 0.96
24 NRS§-12M-2 200 2940 2 Rib 2.5 8 400  0.0500 12 Non 4.08 0.96
25 ~ NR2-6S-2 200 2970 2 Rib 25 2 200  0.0250 6 Non  2.02 095
26 NR4-6S-2 200 2970 2 Rib 25 4 200  0.0500 6 Non  2.02 095
27 NR6-6L-2 200 2970 2 Rib 25 6 600  0.0250 6 Non 202 0.95
28 NRIO-6L-2 200 2970 2 Rib 25 10 600  0.0417 6 Non 202 0.95
29  NC-6S-2 200 2970 2 Check. 25 - 200, 0.0696 6 Non  2.02 095
30 NC-6L-2 200 2970 2 Check. 2.5 - 600  0.0696 6 Non 2.02 0.95

Note: m=n,h/L, for ribbed plate (see Eq. (3) for checkered plate)
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®2 EBRER—K
Shear bond strength
(d)
Parameters Material Properties E(:l)> EHEE())SS. S(:;) d (b)+(c) (a)( /e(zi)
No. Tag. m L, t F, E, sy % Theall©) z};cal(s)" Tocal ol Togar

(mm) (mm) (MPa) (GPa) (MPa) (MP3a) (MPa) (MPa)  (MPa) (%)

1 SP-6M-1 0.0000 400 6 24.7 23.1 316 0.85 0.00 0.94 0.94 90
2 SR4-6M-1 0.0250 400 6 24.7 23.1 316 0.99 0.55 0.94 1.49 66
3  DR4-6M-1 0.0250 400 6 24.7 23.1 316 0.47 0.55 0.00 0.55 84
4 NR4-6M-1 0.0250 400 6 24.7 23.1 316 0.21 0.55 0.00 0.55 38
5 SR8-6M-1 0.0500 400 6 24.7 23.1 316 0.98 1.10 0.94 2.05 48
6 DR8-6M-1 0.0500 400 6 24.7 23.1 316 0.72 1.10 0.00 1.10 66
7  NR8-6M-1 0.0500 400 6 24.7 23.1 316 0.52 1.10 0.00 .10 47
8 SC-6M-1 0.0696 400 6 24.7 231 316 0.93 1.07 0.94 2.01 46
9  DC-6M-1 0.0696 400 6 24.7 23.1 316 0.93 1.07 0.00 1.07 87
10 NC-6M-1 0.0696 400 6 24.7 23.1 316 1.08 1.07 0.00 1.07 101
11 SP-6M-2 0.0000 400 6 312 258 296 0.74 0.00 1.13 1.13 65
12 SR4-6M-2 0.0250 400 6 312 258 296 - 1.03 0.70 1.13 1.83 56
13 DR4-6M-2 0.0250 400 6 312 25.8 296 0.77 0.70 0.00 0.70 111
14 NR4-6M-2  0.0250 400 6 31.2 258 296 0.80 0.70 0.00 070 114
15 SR8-6M-2 0.0500 400 6 31.2 25.8 296 1.24 1.38 1.13 2.51 49
16 DRS8-6M-2 0.0500 400 6 31.2 25.8 296 1.30 1.38 0.00 1.38 94
17 NR8-6M-2 0.0500 400 6 20.3 221 304 1.04 0.91 0.00 091 115
18  SC-6M-2 0.0696 400 6 312 25.8 296 1.49 1.35 1.13 2.47 60
19  DC-6M-2 0.0696 400 6 31.2 25.8 296 1.34 1.35 0.00 1.35 99
20  NC-6M-2 0.0696 400 6 31.2 258 296 1.40 1.35 0.00 135 104
21  NR4-9M-2 . 0.0250 400 9 203 221 274 0.70 045 0.00 0.45 154
22 NR4-12M-2  0.0250 400 12 20.3 221 302 0.60 0.45 0.00 045 132
23 NR89IM-2  0.0500 400 9 203 22.1 274 097 0.91 0.00 091 107
24 NRS8-12M-2  0.0500 400 12 20.3 22.1 302 1.27 0.91 0.00 091 141
25 NR2-68-2 0.0250 200 6 20.3 221 304 0.69 0.45 0.00 045 151
26  NR4-6S-2 0.0500 200 6 20.3 22.1 304 1.32 0.91 0.00 091 146
27  NR6-6L-2 0.0250 600 6 20.3 221 304 0.69 0.45 0.00 045 151
28 NRI10-6L-2  0.0417 600 6 20.3 221 304 0.90 0.75 0.00 0.75 120
29 NC-6S-2 0.0696 200 6 20.3 22.1 312 1.05 0.88 0.00 0.88 119
30  NC-6L-2 0.0696 600 6 20.3 22.1 312 0.69 0.88 0.00 0.88 78
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