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Research on neutral axis location of high-strength bolts
of end-plate connections
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Abstract: In order to study the neutral axis location of high-strength bolts in extended end-plate
connections, a series of joint tests from portal frame and theoretical analysis were executed.
There were altogether twelve connection specimens, which including four kinds of beam sections,
were tested under monotone loading. Bolt force was measured by the strain gauges affixed to
notched bolt shanks. Such parameters as end-plate thickness and end-plate stiffener were
introduced. Continuous beam models with spring supports were set up to model end-plate
connections. By comparing the results from tests with those from model analysis, the following
conclusions can be drawn: during loading process, the neutral axis moves from the centroid axis
to compression zone, not exceeding the center line of bolts inside the compression flange;
ultimately, the tension flange and end-plate can be simplified as T-stub on the assumption that
the axial forces of bolts in tension zone are equal to each other. Simple parameter analysis by
theoretical model was done to study the influence of prying force, end-plate thickness and bolt
arrangement on connection behavior. Finally, available calculation methods for bolts in end-plate
connections were evaluated by the analysis of test data and theoretical calculation.
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Fig. 1 Distribution of bolt pulling force
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Tab.1 Parameters of specimens

P BPE SRR | SR | S AR A | SR SRR R R
Z| Hw5 |E/mm| | B5S |4/ mm| EEHE/ (KN - m)
1| AI-IEM | 16 T | EPA | 20 227
2| A1-2EM | 20 J | EPA | 20 227
3|A2-1EM-2| 16 J | EPA | 20 227
4| A2-2EM | 20 J | EPA | 20 227
5| B2-1EM | 16 J | EPB1 | 20 442
6| B2-5EM | 20 4 | EPB2 | 20 442
7| C3-2EM | 20 J | EPCl | 24 336
8| C3-3EM | 25 g | EPC1 | 24 336
9| C3-5EM | 20 4 | EPCZ | 24 336
10| C3-6EM | 25 A | EPC2 | 24 336
11| D1-2EM | 20 J | EPD | 24 645
12| D3-2FM | 20 J | EPD | 24 645
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Fig. 2 Bolt arrangement and sizes of end-plates
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Fig.3 Test equipment
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Tab.2 Ultimate moment M, of specimens

MAEG S | RS | PR | BRSO | RS | RS
Al-1EM | 237 B2-1EM 456 C3-5EM 402

Al1-2EM 243 B2-5EM 438 C3-6EM 390

A2-1EM-2 225 C3-2EM 394 D4-2EM 896

A2-2EM 234 C3-3EM 410 D3-2FM 910
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Offset ratios of neutral axis for test bolts

Tab. 3

i i fF 4 5
A | AI-IEM | A1-2EM | A2-2EM | B2-1EM | C3-2EM | C3-5EM | D4-2EM | D3-2FM

1 0.7 18.6 —9.6 =52 | —2L.8 L8 | —43.8 | =513

2 18.1 27.0 —4.6 | —15.2 0.2 | —16.6 | —4L.0 | —1.4

3| 35.4 3.2 17.3 1.7 15.2 13.0 17.17 17.6

4] 36.8 3.1 18.8 18.8 18.9 23.8 47.5 42.9
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457 w }ﬁ%ﬁj"] ﬂ%ﬁ?ﬁ’ﬂiﬂﬂj} {ﬁ Tab.4 Offset ratios of neutral axis for theoretical bolts
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Tab.5 Ratio of theoretical bolt force to test bolt force in tension zone
Al-1EM A2-2EM B2-1EM C3-2EM C3-3EM D4-2EM
Bl B2 Bl B2 Bl B2 Bl B2 Bl B2 Bl B2
1 1. 00 1. 09 0.99 1.07 1. 06 1.07 1. 06 1.09 1.07 1.11 1.08 1.09
2 0.99 1. 14 0.99 1.13 1.11 1.13 1. 04 1.11 1.12 1.22 1.13 1.15
3 0.98 1.08 1.01 1.07 1. 14 1.18 1. 00 1.03 1.17 1.32 1.18 1.15
4 0.98 1.07 1.01 1. 06 1.13 1.17 0.97 0.99 1.18 1. 28 1.21 1.08
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Fig. 10  Distribution of theoretical bolt pulling force for end-plate
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