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Seismic Evaluation of Exposed Column-base Plate Weak-axis Connections
Using L-shaped Hooked Anchor Bolts
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Abstract - In this study, seismic performance was evaluated for the exposed column-base plate weak-axis connections of small
size steel structures through cyclic loading tests. The primary test parameters are the thickness of base plate, the presence of rib
plates, the number of anchor bolts and embedment length of anchor bolts. To investigate the effect of bond performance of
anchor bolts on the seismic performance of column-base plate connections, L-shaped round bars and thread bars were used as the
hooked anchor bolts in the test specimens. Test results showed that bond performance of anchor bolts and the thickness of base
plate significantly affect the structural performance and energy dissipation capacity. In particular, it was found that even if the
requirements for minimum thickness of the base plate that is satisfied, the base plate can yield before the capacity of steel column
reaches the plastic moment resulting in decreasing the structural performance of the connections. However, the proposed details
of the connections might be considered as the partially restrained, that is semi-rigid connections. Consequently, the L-shaped
thread anchor bolts is applicable in the exposed column-base plate weak-axis connections of small-size steel structures.
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Fig. 1. Investigation of exposed steel column base plate connection

(a) Case 1

(c) Photo I

(d) Photo II

in existing small-size steel structures
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Fig. 2. Base-plate design variables
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Fig. 3. Details of test specimens

Table 1. Properties of test specimens

Base plate Anchor bolt
. - No. of
Speci-| . . Embed Hook o.bo
mens Dimension| Thickness| No. | ment length n
(mm) | (mm) |[(EA)| length plates
(mm)
(mm)
Wdf1 | 400x400 20 4 500 264 -
Wdf2 | 400x400 20 4 500 264 2
WAL |450x450 25 6 650 264 -
WA2 | 450x450 25 4 650 264 -
WA3 | 450x450 25 6 650 264 2
WA4 | 450x450 30 6 650 264 -

Note: In Wdfl, Wdf2, WA1, and WA2 specimen, round bars
with a diameter of 22 mm were used as the anchor bolts. On
the other hand, in WA3 and WA4 specimen, thread bars
with an effective diameter of 22 mm were used.
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Table 2. Material properties

Speci Yield | Tensile Mog;ﬂus Elonga
nlq)ens Members Strength|Strength Blasticity [tion (go %)
MPa) | (MP °
(MPa) | (MPa) | o
Base plate
250.0 | 422. 196.1 354
(SS400) ? ?
wdfl Flange
WD cjltsin (15mm) 329.0 | 476.4 | 203.8 32.0
SS400
wa2 |¢ )(IOmm) 3322 | 4982 | 206.2 | 30.2
Anchor bolt
608.7 | 757.2 | 201.6 10.8
(SM45C)
Base | 25mm | 243.7 | 440.7 | 170.7 | 28.7
plate
(SS400) 30mm | 296.7 | 523.1 | 151.5 | 26.6
WA3 Flange
299. 458.1 | 202.8 41.1
and Steel (15mm) 99:3
WA4 column Web
(S8400)| "° | 3248 | 1792 | 199.6 | 37.3
(10mm)
Anchor bolt
414.0 | 577.4 | 123.9 4.2
(SM45C)
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Fig. 5. Pull-out tests
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Table 3. Summary of pull-out tests and material tests
Anchor bolts Concrete foundation Bond strength
. Di i f
Specimens Development|  Hook Yield |[Modulus of ITSSEZZ © Concrete (kN)
Class length length strength elasticity foundation strength
(mm) (mm) (MPa) (GPa) (MPa) Measured Mean
(mm)
RBI1-1: 102.9
RBI1 SM45C 452 (21db) 800x800x600 111.8
RB1-2: 120.6
264 (12db)| 692.2 196.3
RB2-1: 112.8
RB2 SM45C | 650 (30db) 800x800x800 19.7 117.3
RB2-2: 121.7
TB-1: 194.8
B SM45C (452 (21db) |264 (12db)| 581.5 151.9 800x800x600 195.1
TB-2: 195.4

Note: RB and TB represent the round and thread bars, respectively. The values of yield strength, Modulus of elasticity, and

concrete strength are average values obtained from the material tests.
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Fig. 6. Damage and failure mode
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Fig. 7. Flexural moment-rotation angle relationship

Table 4. Summary of test results

At peak At failure
) Positive (+) Negative (-) Positive (+) Negative (-)
Specimens n n — — N n — —
A@M?)e ak Q@Alr]})eak M ][:ﬁ ak A@Ji}mak 9@]11[)6 ak y7 [1;a,k' A f 0 I w Af ef ]I/[;

(mm) (rad) | (kN'm) | (mm) (rad) | (kN'm) | (mm) (rad) (kNlm) (mm) (rad) (kN-m)

Wdfl 99.6 0.100 140.0 -99.3 | -0.099 | -150.1 | 100.1 | 0.100 | 138.3 -99.8 | -0.100 | -149.1

Wdf2 67.7 0.068 151.8 =777 | -0.078 | -162.8 90.1 0.090 | 144.8 -89.9 | -0.090 | -157.3

WAL 40.1 0.040 180.2 -29.4 | -0.029 | -175.6 60.1 0.060 | 120.0 | -59.7 | -0.060 | -125.1

WA2 48.9 0.049 170.2 -443 | -0.044 | -168.6 50.1 0.050 | 164.7 | -49.8 | -0.050 | -158.3

WA3 52.8 0.053 241.1 -49.3 | -0.049 | -240.8 60.0 0.060 | 2353 -60.1 | -0.060 | -231.4

WA4 62.6 0.063 251.3 -67.8 -0.068 | -255.8 79.8 0.080 | 243.1 -80.2 | -0.080 | -240.1

At yielding
Positive (+) Negative (-)

k, (kN-m/rad) M./ M, p(A,/A,)

Specimens AF 0F M A” 0 M
Yy Yy Yy Yy Yy Y - - -
(mm) (rad) | (kN'm) | (mm) (rad) | (kN'm) ™ ©) X ©) ™ &

Wdfl 27.7 0.028 112.6 -33.4 | -0.033 | -122.2 | 4065.0 | 3658.7 | 0.87 0.87 3.61 2.99

Wdf2 32.1 0.032 123.0 -39.5 | -0.040 | -124.1 | 3831.8 | 3141.8 | 0.94 1.01 2.81 2.28

WAL 19.4 0.019 148.5 -19.5 | -0.020 | -152.6 | 7654.6 | 7825.6 | 1.12 1.09 3.10 3.06

WA2 20.1 0.020 142.0 -19.5 | -0.020 | -138.1 | 7064.7 | 7082.1 1.06 1.05 2.49 2.55

WA3 24.1 0.024 | 203.1 -26.7 | -0.027 | -204.2 | 8427.4 | 76479 | 1.50 1.50 2.49 2.25

WA4 23.4 0.023 208.8 -26.9 | -0.027 | -210.5 | 8923.1 | 7825.3 1.56 1.59 3.41 2.98
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Table 5. Comparison of initial stiffness between test data and
NZS 3404 (2009) design codes

) Fixed Pinned
Specimens ky [k ky /Ky ky /by ky [k
Wdfl 0.18 0.17 2.94 2.64
Wdf2 0.17 0.14 2.77 2.27
WAI1 0.35 0.35 5.53 5.66
WA2 0.32 0.32 5.11 5.12
WA3 0.38 0.35 6.09 5.53
WA4 0.40 0.35 6.45 5.66

Note: k:y is the intial stiffness obtained from the tests and kf is
the stiffness obtained from NZS 3404 (2009).
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