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Evaluation of Tensile Behaviors of Beam Splice
with High Strength Bolts According to Steel Grades

Hee-Dong Kim
Department of Architecture, Inha Technical College

WA Wl sl e
3159 WMo 19 F24) g
o 28R TAV olg¥ ABA FHE AL 8 A2 A Ak

2 % AZFRE AES A8 IHEE H o|2F AAA A FES olgA AAT A7t d&) AEs 4E
Ae 712 AA7E Bog Aot B AFL o] 93t 712 AT AR B 2A] TYBE o SUAZ B
AFAZAA 0l et AH7HH AP S 5o AETRE FF 28 450 U2 AFAF olg Briety, 1 ATs T4
Aol Egahet Exo] k. o]& 5] olSH UF % Aso] 4T " Hom oﬂ%ﬂ—t— E37] ¢ AFue
ALt FE 4 BEE F8 HSE AUAE 44 € AT F 4870 AdA 0] tigt QA E AT 2E AFA 0
A BABEE HE3 AARGA TS TR AFshe IS AYEE S vEroH 7&1 QARZ7L 28R 7
3 Ad = 7HsAol A H@?l Aoz veytth Jgx

Ao of| & L

Abstract In designing a high strength bolted beam splice using steel for building structures, it is
necessary to present the appropriate steel grade selection criteria for how to determine the cover plate
steel grade. This study examined the difference in tensile behavior according to the steel grades through
static tensile tests simulating the beam member high strength bolt joints flange. For this purpose, the
specimens were designed and fabricated with the main variables, such as the thickness, steel grade and
the strength of flange and cover plate, which are expected to affect the splice strength and behavior.
The tensile test results for a total of 48 specimens showed that the tensile-load capacity exceeded the
design tensile strength applied with a nominal strength of steel in all specimens. When the design
strength of the cover plate exceeded 1.25 times that of the flange plate, the flange plate governed the
behavior of splice. The change in maximum tensile load due to the change in flange steel grade is not
very large, but there is a difference in deformation. The test results confirmed that the steel grade and

thickness of the cover plate were the main factors affecting the beam splice behavior.
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Table 1. Specimens list

Flange plate Cover plate No. of
Specimen Th(léll\;l)e *9 Steel grade Thg;li;l)e 59 Steel grade I::l; is
HG600A 17 $S400 9 SS400 2
H600B 17 SHN400 9 SS400 2
H600C 17 SM490A 9 SM490A 2
HG600D 17 SHN490 9 SM490A 2
H700A 24 SS400 12 SS400 3
H700B 24 SHN400 12 SS400 3
H700C 24 SM490A 12 SM490A 3
H700D 24 SHN490 12 SM490A 3
H900A 28 SS400 14 SS400 3
H900B 28 SHN400 14 SS400 3
HO00C 28 SM490A 14 SM490A 3
H900D 28 SHN490 14 SM490A 3
HG600E 17 SS400 12 SS400 2
HG600F 17 SHN400 12 SS400 2
H600G 17 SM490A 12 SM490A 2
HG600K 17 SHN490 12 SM490A 2
H700E 24 SS400 15 SS400 3
H700F 24 SHN400 15 SS400 3
H700G 24 SM490A 15 SM490A 3
H700K 24 SHN490 15 SM490A 3
H900E 28 SS400 16 SS400 3
H900F 28 SHN400 16 SS400 3
HO00G 28 SM490A 16 SM490A 3
H900K 28 SHN490 16 SM490A 3
j 5
pl I I R B 7P

Fig. 2. Specimen shape
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Table 2. Material properties of steels

Steel E.L

Type e (Ai[f;/a) (1\(471;;) o | YR
H600 | $5400 323 457 | 298 | o7
H600 | SHN400 353 477 | 283 | 074
HG00 | SM490A 462 579 | 230 | 080
H600 | SHN490 376 510 | 255 | 074
H700 | $S400 296 462 | 283 | oo4
H700 | SHN400 310 455 | 200 | 068
H700 | SM490A 356 500 | 292 | 071
H700 | SHN490 393 539 | 280 | 073
HOO0 | $5400 320 477 | 320 | 067
H900 | SHN400 351 484 | 260 | 073
H900 | SM490A 383 555 | 240 | 0.69
HO00 | SHN490 386 527 | 285 | 0.73
PL-9 | $5400 305 461 | 290 | 0.66
PL-9 | SM490A 412 573 | 230 | 072
PL-12 | $S400 300 453 | 2090 | 066
PL-12 | SM490A 404 572 | 250 | 071
PL-14 | $S400 290 40 | 310 | o066
PL-14 | SM490A 401 544 | 260 | 074
PL-15 | $5400 295 453 | 290 | 065
PL-15 | SM490A 375 532 | 250 | 070
PL-16 | $S400 286 42 | 300 | 065
PL-16 | SM490A 408 si6 | 270 | 075
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(b) Fracture at cover plate
Fig. 3. Fracture of specimens
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Fig. 4. Load ratio between test loads and design
strengths
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Table 3. Tensile tests results
Max. Disp. at Logd Dis.pA Max. Disp. at] Logd Dis.pA Max. Disp. af] Lo;.ad Dis'pA
. Max. | at first | at first . Max. | at first | at first . Max. | at first | at first
Specimen| load load i i Specimen| load load i li Specimen| load load i li
&N) oa slip slip (N) oa slip slip N oa slip slip
(mm) | &N) | (mm) (mm) | N) | (mm) (mm) | N) | (mm)
HG600A_1| 456.5 44.1 319.1 1.0 ||H700A_1| 719.1 313 525.9 1.3 ||H900A_1| 825.5 | 33.1 564.6 1.2
HG600A_2| 460.9 45.1 313.5 0.9 |[H700A_2| 720.8 36.3 511.8 1.3 |[H900A_2| 8214 34.7 548.4 1.1
HG600B_1| 494.6 36.7 277.0 0.7 ||[H700B_1| 715.4 | 40.0 497.4 1.2 ||[H900B_1| 820.9 | 36.4 | 539.7 1.2
HG600B_2| 465.1 37.8 316.2 0.9 |[|[H700B_2| 7145 | 423 504.9 1.3 |[H900B_2| 818.2 | 34.2 | 552.8 1.8
HG600C_1| 525.1 32.9 300.4 0.7 |[H700C_1| 859.0 41.7 547.2 1.1 ||[H900C_1| 1004.1 | 35.1 321.7 1.0
HG600C_2| 518.5 29.8 289.0 0.7 |[H700C_2| 873.5 | 33.1 588.0 1.2 ||[H900C_2| 1008.7 | 34.1 657.3 1.2
H600D_1| 484.0 30.4 3114 0.8 |[|H700D_1| 870.4 | 34.6 540.0 1.0 ||H900D_1| 1000.2 | 36.9 | 620.3 1.1
H600D_2| 482.6 30.2 317.5 0.8 |[H700D_2| 870.4 | 37.2 526.1 1.0 ||H900D_2| 1007.5 | 35.9 | 608.2 1.1
HG600E_1| 486.9 31.9 366.1 1.0 ||H700E_1| 849.1 38.5 649.8 1.4 ||H900E_1| 1009.5 | 35.2 | 619.3 1.0
HGO00E_2| 480.5 31.5 373.0 1.3 |[H700E_2| 773.4 29.5 601.2 2.2 ||H900E_2| 1008.4 | 33.7 699.7 1.2
HGOOF_1| 508.4 33.3 406.4 1.2 ||[H700F_1| 893.1 38.4 606.3 1.2 ||HO00F_ 1| 943.4 32.6 623.7 1.0
H600F_2| 508.9 339 374.9 1.0 ||[H700F_2| 7729 | 27.2 610.3 2.3 ||H900F_ 2| 9284 | 289 | 615.7 3.2
H600G_1| 553.2 22.2 394.6 1.0 ||H700G_1| 874.0 25.6 606.3 1.3 ||[H900G_1| 1112.8 | 41.8 652.6 1.1
H600G_2| 558.3 20.7 390.2 1.1 |[H700G_2| 846.6 | 24.7 601.5 1.6 ||[H900G_2| 1107.1 | 40.0 | 661.8 1.2
H600K_1| 523.4 26.2 4113 1.2 |[H700K_1| 844.8 | 24.4 620.0 1.4 ||[H900K_1| 1061.8 | 35.6 | 619.1 1.0
HG600K_2| 516.8 31.1 395.8 1.3 ||H700K_2| 863.3 | 24.3 662.0 2.1 |IH900K 2| 1056.9 | 38.3 | 660.3 1.1
Table 4. Average strain of cover plates at maximum load Table 5. Fracture part
Specimen Strain Specimen Strain Specimen Strain Frac- Frac- Frac-
(x10°) (x10) (x109) Specimen|  ture Specimen | ture | Specimen | ture
HG00A_1 4926 H700A_1| 10590 |H900A 1| 14450 part part part
H600A_2 3618 H700A_2| 10108 | H900A_2 10339 HG00A 1 F H700A_1 H900A_1
HG600B_1 4046 H700B_1 4363 H900B_1 11924 " — — —
HGO0B_2 | 4245 |H700B2| 9379 |HOOOB_2| 12384 Ho00A 2| F | H/00A2 | C | HO00A2 | C
H600C_1| 2604 |H700C_1| 699 |H900C_1| 2925 H600B_1 C H700B_1 C H900B_1 C
H600C_2 | 2212 |H700C_2| 1537 |H900C_2| 3321 HG600B_2 C H700B_2 C H900B_2 C
H600D_1 1481 H700D_1 925 H900D_1 1220
H600D_2 1160 H700D_2 937 H900D_2 376 H600C1 ¢ H700C_1 F H900C_1 ¢
HG00E_1| 915 |H700E_1| 2054 |H900E 1| 998 H600C_2 c H700C_2 c H900C_2 c
HGOOE_2 1743 H700E_2 1225 H900E_2 988 HG600D_1 F H700D_1 C H900D_1 C
HG6O00F_1 1063 H700F_1 930 H900F_1 1331 HG00D_2 F H700D_2 c HO00D_2 c
HG600F_2 1056 H700F_2 1269 H900F_2 928
HG00G_1| 1067 |H700G_1| 1717 |H900G_1| 4697 HG0OE 1| F H700E1 | F | H900E1 | F
HG600G_2 372 H700G_2 1408 H900G_2 5140 HGOOE_2 F H700E_2 F H900E_2 F
HGOOK_1| 969 |H700K_1| 1471 |HO00K_1| 2387 HeooF 1| F | H7oor1 | F | HoooF1 | F
HG00K_2 682 H700K_2 1908 H900K_2 2117
HG600F_2 F H700F_2 F H900F_2 F
AN % 9o 1,} AN IE 7JXH o] ZEoke mxt HG600G_1 F H700G_1 F | HO00G_1 | C
_ HG600K_1 F H700K_1 F H900K_1 F
H ’le%lxl E'HX] oL 0473”}—4 74501] —JOIW 5@‘41
. = g8 21 A HG600K_2 F H700K_2 F H900K_2 F
o Z Z HFrHo
o] ZHEEE AgEglong 7] v|nd o] A note) F : flange plate / C : cover plate
T A3 2ol oA GFE A9 9 Aoz Bk
o} oieh 27] e B @4 diside 5 27 3.2 HEmo| |y
o 7 St 2~ olt}ly Tk . _ _ N
AT AR T St HEE B olgy dzue] Wy 452 WA sl A
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Table 6. Average strain ratio between tests and
nominal yield strain

Steel grade
Variables
400MPa 490MPa

Thin cover Normal 7.86 1.40

plate Architectural 6.74 0.64

Thick Normal 1.15 1.51

cover

plate Architectural 0.96 1.00
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