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Study on the tensile performance of high strength
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Abstract: In order to solve the insufficient anchorage and complicated installation of blind bolts, the high strength
steel plate-bolt assemblies are proposed. For tapping high strength steel core in the tubular column, the ordinary
high strength bolts can be one side tightened in the steel tubular column and beam bolted connections. For the
purpose of the feasibility of tapping high strength steel plate instead of the nuts, the steel plate-bolt assemblies with
different steel plate thickness and bolt grades were studied under the monotonic tensile tests. After the tests, the
ultimate tensile strength and the failure modes of the assemblies and the optimum thickness of the plates were also
analyzed. The Q460C, Q345B and 45 grades steel plates and the M16, M20 and M24 grades bolts were the
variation parameters in the studies. Result shows that the 45 grade steel plates can be replaced by the Q460C or
Q345B grade steel plates. The high strength of the bolts and the welding requirements of the steel core can be
satisfied simultaneously. In the steel plate-bolt assemblies, the steel consumption will be reduced by using the high
strength steel plates. The thickness should not be less than the bolt diameter d for Q460C grade steel, and d+ (1
~2 mm) for the Q345B grade steel. The steel plate should not be the composited plates that are connected by
welding.

Key words: high strength steel; blind bolts; bolt assemblies; the ultimate tensile strength; failure modes
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Tab. 1 Material property of steel plates

Wbt t/mm fy/MPa  f,/MPa E/10°MPa
45 4 25 375. 28 668. 01 2.05
Q460C 16 484. 25 611.57 2.02
Q345B 25 395. 44 558. 09 2.00
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Fig. 1 Bolt tensile test setup
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Tab. 2 Specimens number

AF ETRs A G AR

M16-20-T-1 M16

M24-25-2 M24
) M16-20-T-2  MI16 M24-20-1 M24

P M16-16-T-1 M16 M24-20-2  M24

it M16-16-T-2 M16 M16-16-1 M16
Q460C

M16-20-1 M16 M16-16-2 M16
M16-20-2 M16 M20-20-1 *  M20
M16-16-1 M16 M20-20-2 x  M20
M16-16-2 M16 M24-25-1 M24
M16-14-1 M16 M24-25-2 M24

45

- M16-14-2 M16 M16-18-1 M16

M20-20-1 M20 M16-18-2 M16

M20-20-2 M20 Q345B  M20-22-1 M20

M20-16-1 M20 M20-22-2 M20
M20-16-2 M20 M24-25-1 M24

M24-25-1 M24 M24-25-2 M24

VE: 14, 16, 18, 20, 22, 25 fREMMATREREE, —1, —2 %
ERERIG T TREFRAE,; » REASRBREE, B 20=16
+4.
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(b), B AR TR 2(c), WRER R B HL
W, BEIRREIR KA.
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Fig. 2 Failure modes of steel plate-bolt

assemblies in tensile test
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Fig. 3 45 grade steel plate-bolt assemblies P-A curves
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Tab.3 P-A curves analysis of 45 grade steel

plate-bolt assemblies

Fs, P, P EB‘L%(Fsuf Pb) *

é =}
W SN AN B P Y

M16-20-T-1 20.12 266 172 169 HilF  54.37
M16-20-T-2  20.18 267 172 171 Hilkr  54.93
M16-16-T-1  16.29 203 172 171 Hilk 18. 14
MI16-16-T-2  16.21 202 172 171 Hilk 17. 38
M16-20-1 19.92 263 172 170 $il¥r 52.47
M16-20-2  19.96 263 172 170 Hilly  52.85
M16-16-1 16.08 200 172 170 Hilky 16. 15
M16-16-2 16.14 201 172 169 Hil 16.72
M16-14-1 14.15 172 172 156 JBifm  —2.10
M16-14-2  14.06 167 172 161 Jiqu  —2.95
M20-20-1 20.00 319 294 284 Hily 8. 39
M20-20-2 20.10 321 294 293 hilkr 9.10
M20-16-1 16.30 242 294 249 Jidm  —17.91
M20-16-2  16.21 240 294 256 Midm  —18.55
M24-25-1 25.42 484 397 393 Hily 21. 92
M24-25-2  25.33 482 397 393 Hhilkr  21.37
M24-20-1 19.40 336 397 364 Jfdm  —15.30

M24-20-2 19.87 348 397 375 Ji4u  —12.39

Q345B Ht iz @I P-A Bh 4 WLIE 4(b),
BTSN, El M16-18, M16-22. M24-25 %R
Aaf B P KT X B () WR B Je ANBE 3 fuf 3 P, B
¥ gk b Wi, P-A fh 24 AT WL 5, B AR ] G,
M16, M20 Fl M24 = FpHUAS R AR, br v B9 AR 19 Y
WRZORE T Foo R T W B e /M it P, HRT
WA AR IR AT P, =# Fo lb Py 2 8l
18.88% . 7.74% . 7.45%, A&, LA
b Q3458 AR — WA 3 1 I 0 B AR B A N
TEMER d+(1~2) mm, BEECHE B8RS B
LA 20 FR AR i — AN JA% I JEL
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Fig. 4 High strength steel plate-bolt

assemblies P-A curves
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Tab. 4 P-A curves analysis of Q460C grade steel

plate-bolt assemblies

Fs. P, Phax (anf Ph)' E)ﬁﬂ:

g

WG mm N N PY% st
M16-16-1 16.34 192 172 171 11.43 i Wy
M16-16-2 16.09 188 172 171 9.21 EAL)
M20-20-1 20.15 303 294 247 2.79 i
M20-20-2 20.12 302 294 280 2.59 i dn

M24-25-1  25.11 448 397 397 12.76 ey

M24-25-2  25.06 447 397 393 12. 47 EAL])

2.3 S5t

(1)45 SR mom g a5 H M G, REBE W ARG
4 1 9 R B R AR D BT R R TR i R
2R 0 AR N & A, T EE I — e AR
JEEEE s M BT o B — 2P BE AR, G I A
JELJE VT RE A 3K AN B WA B 1) B /ANBL g far 3, R
AL A A B RN Y I B AE R =0, E R

TESL T AL B A I 0 2F A IR, A 2
LU L T B I

R 5 QI4SBNIR - MR EER P-A M ST

Tab.5 P-A curves analysis of Q345B grade steel

plate-bolt assemblies

Fs, P, P (Fss— Py) - Eﬁﬂ:
/kN /kN /kN Py /% TE3K

18. 88 HLIT
19. 55 By

P IR ¢/mm

M16-18-1 18.03 205 172 171

M16-18-2  18.11 206 172 172

M20-22-1 22.04 318 294 292 8. 17 EvAL
M20-22-2  21.97 317 294 290 7.74 EvALY
M24-25-1  25.38 427 397 395 7.45 EvALY
M24-25-2  25.45 428 397 392 7.83 By

(2)AIHJE B i nm AR G IR e i, 4 )5
5an g e, m A B ok A 52 & A ).
Ji ] R B AR e TS A M R W H TG A R
Jit, SRLCANESE, JoikILE TAE, SMUE R 20K
TR B ST, AT sk AR B, T AN B
N, BHMOE BB F .

(3)% %% 45 . Q460C, Q345B A In] & i 4K
M5 M16, M20, M24 i) 2 & & $% @Ak BR br 4K
B, METF AN, R TG E N % A 5
BIAREE 1, 45 A4 & 3 800 A% B 7K 2% 6 b DL I
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B ) AR 5 IR R R AR EA DN T
0.85; F)JBF| N T A 223k, Pl 15%, K
S SOb i JE R n AR AR — R A A AR 3
HBAHE Ny =0.7A, fo,, H A HIERAA &m
L, Lo ISR IR ST hi o B, X 5 SCER[8 ] — 3.
R, BTRY KA B IR R E.
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N
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Fig. 5 High strength steel plate-bolt

assemblies tensile strength
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