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Abstract - Double split tee connection has various strength, stiffness, and energy dissipation capacity according to changes of
thickness of T-stub flange and gauge distance, number, and diameter of high-strength bolt. If the double split tee connection is
applied to a low- or medium-rise steel structure, a shear tab can't be applied for supporting shear force because of geometrical
limitation. So it is required to propose details of improved double split tee connection to support shear force as well as flexural
force. This research was performed to see if enough rotational stiffness is found when the double split tee connection without
shear tab which was obtained through analytic and experimental researches by Yang et al. is applied to a low- or medium-rise
steel structure. Also, it was seen if the low- or medium-rise steel structure having double split tee connection without shear tab has

safe structural behavior, as well as material saving effect.

Keywords - Double split tee connection, Rotational stiffness, Shear tab, Low and medium steel structures, Stable structural

behavior
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(a) Geometry of T-section flanges
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(b) Geometry for double split tee connection specimens
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(c) Details of Double split tee connection specimens

Fig. 1. Geometric configuration and Details of double split tee
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Fig. 2. Positions of installed strain gauges and LVDTs on the Fig. 3. Moment-rotation hysteresis curves each of double split
connection specimen tee connection
Table 1. Geometric variables of T-stub specimens
Experimental test
specimen Atop Apot btop bbot C bf t w t f 8t r
G210-T21-B300-SI 45 45 76.5 76.5 75 300 13 21 210 22
G210-T21-B300-SO 45 45 76.5 76.5 75 300 13 21 210 22

G210 - T21 - B300 - SO
L SI: with a shear tab, no extra bolts(SI) SO: without a shear tab, with extra bolts(SO)
Width of a T-stub
Thickness of a T-stub
Bolts gauge distance of aT-stub

Table 2. Material properties of each member

F, (N/mm?) F, (N/mm’) E (N/mm?) e, e,
Beam 360.66 548.29 196,999 0.001830 0.16734
Column 361.24 549.58 179,571 0.002011 0.16897
T-stub 338.54 496.28 217,697 0.001555 0.16979
Shear tab 346.86 500.25 219,730 0.001578 0.17003
Stiffener 323.99 492.47 215,960 0.001500 0.16428
Doubler plate 397.95 515.04 216,010 0.001842 0.16772
Continuity plate 367.04 500.76 219,992 0.001668 0.16787
St 25Hs] =83 A28 A2s(Fd Al1413) 2016 49 87
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Fig. 4. Initial rotational stiffness of each double split tee connection
Table 3. Comparison of rotational stiffness values of individual connection specimen
Experimental K K, M, n R
test specimen (KN-m/rad) (KN-m/rad) (KN-m)
G210-T21-B300-SI(A) 99,281.87 14,522.98 -248.01 7.400 0.9914
G210-T21-B300-SI(B) 166,553.70 11,222.87 -518.65 0.870 0.9862
G210-T21-B300-SO(A) 123,847.43 8,224.16 -532.39 1.636 0.9986
G210-T21-B300-SO(B) 119,226.70 10,854.41 -415.82 2.276 0.9935
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Table 4. Comparison of rotational stiffness values obtained by
applying Yang analysis model

Experimental K, pxp K, Yangby mn(2) Error

test specimen | (kN-m/rad) (KN-m/rad) %)
G210-T21

-B300-SI(A) 99,281.87 26.33
G210-T21

-B300-SI(B) 166,553.70 23.57
G210-T21 134,775.89

-B300-SO(A) 123,847.43 210
G210-T21

-B300-SO(B) 119,226.70 11.53

Table 5. Nondimensionalized initial rotational stiffness value of
double split tee connection

Experimental K
. e, Non— DM
test specimen
G210-T21-B300-SI(A) 0.45
G210-T21-B300-SI(B) 0.76
G210-T21-B300-SO(A) 0.57
G210-T21-B300-SO(B) 0.55
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Table 6. Design Overview

z/t[f:sg:: Fy=325MPa(SHN490)

Frame Moment-frame resisting systems, steel
structure intermediate moment frame system(R=4.5)
]z;l:;(:i;}: Strong-axis moment fixed

Dynamic analysis method applied
(Scale-up factor Cmx=2.417)
Others Live Load 25% included in the mass
Y-directional (longitudinal direction)
beam-column connection stiffness control

Table 7. Building Overview

Location Seoul Metropolitan City
Use Business facility
. A building with four stories above the
Size

ground

19.2m (4.8m for each story above the

Building height ground)

Table 8. Conbination of dead load and live load
(unit: kN/mm?)
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X—directional horizontal displacement

<A, =0.020h,
Y—directional horizontal displacement
<A, =0.020h, (4)
Falgol €l X % VI S E Table 110] 3
eaklet. o5l O3 2Bus A 4 (5)9 2t

X—directional horizontal displacement
< A,= H/250
Y—directional horizontal displacement
<A, = H/250 (5
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Table 9. Earthquake Load Planning

Division Mark Value Remarks
Regional factor S 0.176 Seoul
Importance A 1.0
Ground classification S.
Seismic grade IT
Seismic force Response modification factor R 4.5 ) )
. - . - Steel intermediate
resistance system Displacement amplification factor C, 4
. moment frame
design parameters System over-strength factor 2 3
Desi . lerati Spg=SX2.5XF, x2/3 0.3520
esign spectrum acceleration Sy = SXF, %9/3 0.1906
_ . . 0.33 < Spg < 0.50 C
Seismic design categories
014 <5, <020 C
. 7, =Gl
Natural frequency calculation 0.7796 sec
C;=0.085
C = L
Base shear force Seismic response coefficient CR) e 0.0543
[E
Effective building weight w 90,760kN
Base shear force V=CWw 4,930kN

Table 10. Consideration of story displacement by earthquake loads
(a) Consideration of X-directional horizontal displacement by earthquake loads (A_,=0.55)

P-Delta| Allow Maximum Drift of All Vertical Elements Drift at the center of Mass
Story | incre- | able Mod- Mod- Drift
Load case| Story |Height | mental | Story Node Ssglrf-\'t/ iffied %?lrf}t' Rem- Sggirf}t/ ified E\?ggr %ﬁ?t, Rem-
Fact Drift i i ) y .
(m) ?acdg)r R;tlio (m) Drift | pooo | ark (m) Drift | " | Ratio | 31K
(m) (m) Current)

Cd=4, le=1, Scale Factor=1, Allowable Ratio=0.02

4F 4.8 1.00 | 0.02 229 10.0053]0.0210|0.0044| OK |0.0046|0.0182|1.1526|0.0038 | OK
Rx(RS)+R| 3F 4.8 1.00 | 0.02 129 10.0075|0.0300|0.0063 | OK | 0.065 |[0.0261 |1.1524|0.0054| OK

x(ES) 2F 4.8 1.00 | 0.02 29 10.009310.03720.0078 | OK |0.0081|0.0323 | 1.1532]0.0067| OK
IF 4.8 1.12 | 0.02 1 0.0101 | 0.0454]0.0095| OK |0.0090 | 0.0406 | 1.1193 | 0.0085| OK

4F 4.8 1.00 | 0.02 250 ]0.00530.0210| 0.044 | OK |0.0046|0.0182|1.1526 |0.0038 | OK
Rx(RS) 3F 4.8 1.00 | 0.02 150 |0.0075]0.0300|0.0063| OK ]0.0065|0.0261 |1.1524|0.0054| OK
-Rx(ES) 2F 4.8 1.00 | 0.02 50 10.0093{0.0372|0.0078 | OK |0.0081 |0.0323 |1.1532|0.0067 | OK
1F 4.8 1.12 | 0.02 22 10.0101]0.0454 | 0.0095| OK |0.0090|0.0406 | 1.1193 |0.0085| OK

(b) Consideration of Y-directional horizontal displacement by earthquake loads (A_=0.55)

P-Deltal Allow Maximum Drift of All Vertical Elements Drift at the center of Mass
Story | incre- | able Mod- Mod- | Prift
Load case| Story | Height | mental | Story Story | Sefied | StOIY | Rem. | Story | peq | Factor | Story | oo
(m) | Factor | Drift Node | Drift Drift Drift ark Drift Drift (Max- | Drift ark
(ad) | Ratio (m) (m) Ratio (m) (m) imum/ | Ratio
Current)

Cd=4, le=1, Scale Factor=1, Allowable Ratio=0.02

4F 4.8 1.00 | 0.02 235 10.01220.0486|0.0101 | OK |0.0106 |0.0426 | 1.1421 {0.0089 | OK
Ry(RS)+R| 3F 4.8 1.20 | 0.02 135 |0.0141]0.0680|0.0142| OK ]0.0120|0.0575|1.1824| 0.012 | OK

y(ES) 2F 4.8 1.26 | 0.02 35 10.0147{0.0742|0.0155| OK |0.0119]0.0602|1.2330|0.0125| OK
1F 4.8 1.17 | 0.02 7 0.0096 | 0.0451 10.0094| OK |0.0072]0.0338 | 1.3330|0.0071| OK

4F 4.8 1.00 | 0.02 229 10.0122]0.0486|0.0101| OK |0.0106 | 0.0426 | 1.1421 | 0.0089 | OK
Ry(RS) 3F 4.8 1.20 | 0.02 129 |0.0141]0.0680|0.0142| OK ]0.0120|0.0575|1.1824| 0.012 | OK
-Ry(ES) 2F 4.8 1.26 | 0.02 29 10.0147|0.0742 10.0742| OK |0.0119]0.0602|1.2330|0.0125| OK
IF 4.8 1.17 | 0.02 1 0.0096 | 0.0451]0.0451| OK |0.0072|0.0338 |1.3330 | 0.0071 | OK

da T xete] =2 A28 A2S(EA A1415) 20169 49 91
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Table 11. Consideration of story displacement by Wind loads
(a) Consideration of X,Y-directional horizontal displacement by Wind loads (A_=0.55)

Load Case Story Level (m) | Maximum Displacement (m) | Allowable Displacement A, = H/250 Remark
Wx 19.20 0.01327 0.0768 OK
Wy 19.20 0.04708 0.0768 OK

Table 12. Comparison of Construction Costs for Unit Connection

General rigid connection

I Doubl lit i ithout sh
tem ouble split tee connection without shear tap (Bracket+ beam connection)
PLATE 46.8kg 82kg
Weld length 1,668mm 2,010mm

Quantity of bolt connection

F10T-M20 20ea
F10T-M22 20ea

F10T-M22 68ea

Table 13. Change of member of framework and comparison of material quantity for

semi-rigid connection

Stiffness ratio A, = 0.57
Member " Before Vy(kN) | 1258.00 After | Vy(kN) 1161.60 Material
embers change . .
name change of Cmy 3331 Remark of Crmy 0.001 Remark |quantity ratio
member ’ ’ (After/before)
member
Cl H-428x407x20x35 0.90 OK H-428x407x20x35 0.89 OK 1.00
CIA H-458x417x30x50 0.84 OK H-458x417x30x50 0.84 OK 1.00
C2 H-458x417x30x50 1.03 Say OK | H-458x417x30x50 1.02 Say OK 1.00
2SG3 H-692x300x13x20 0.87 OK H-692x300x13x20 0.88 OK 1.00
General 2SG4 H-800x300x14x26 0.99 OK H-800x300x14x26 0.99 OK 1.00
member 3SG3 H-582x300x12x17 1.01 Say OK | H-582x300x12x17 1.02 Say OK 1.00
3SG4 H-800x300x14x26 0.95 OK H-800x300x14x26 0.95 OK 1.00
4SG3 H-582x300x12x17 0.96 OK H-582x300x12x17 0.97 OK 1.00
4SG4 H-800x300x14x26 0.89 OK H-800x300x14x26 0.90 OK 1.00
RSG3 H-582x300x12x17 0.92 OK H-582x300x12x17 0.92 OK 1.00
RSG4 H-800x300x14x26 0.91 OK H-800x300x14x26 0.91 OK 1.00
2SGl1 H-606x201x12x20 0.68 OK H-596x199x10x15 0.81 OK 0.79
2SG2 H-606x201x12x20 0.68 OK H-596x199x10x15 0.80 OK 0.79
Member 3SGl H-606x201x12x20 0.69 OK H-596x199x10x15 0.84 OK 0.79
applied to| 3SG2 H-606x201x12x20 0.69 OK H-596x199x10x15 0.83 OK 0.79
T-stub 4SG1 H-606x201x12x20 0.67 OK H-596x199x10x15 0.82 OK 0.79
connection| 4SG2 H-606x201x12x20 0.66 OK H-596x199x10x15 0.82 OK 0.79
RSG1 H-606x201x12x20 0.71 OK H-596x199x10x15 0.91 OK 0.85
RSG2 H-606x201x12x20 0.70 OK H-596x199x10x15 0.90 OK 0.85
CS 0.0543 Cs 0.0543
Base Shear(kN) 4929.69 Base Shear(kN) 4914.38
0.0476m 0.0641m
4¥ (=0.0099h) OK (=0.00134h) OK
0.0666m 0.0774m
) Inter-story Ry 3F (=0.0139h) oK i (=0.0161h) oK
drift 0.0730m 0.0806m
2F (=0.0152h) OK (=0.0168h) oK )
0.0448m 0.0463m
IF (=0.0093h) oK (=0.0096h) oK
Allowable inter-story drift 0.020h
standards

92 F=72ss =2y A28E AlRT(EH Al41%) 20161 44
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Fig. 6. Comparison of Negative Moment Values

Table 14. Rotational stiffness control of beam-column connection; Y directional

Model name G210-T21-B300
SI(A) SI(B) SO(A) SO(B)
Nfgier Members | Stiffness ratio(/K) 0.45 0.76 0.57 055 Remark
Vy(kN) 1170.70 1392.90 1258.00 1243.60
Cmy 3.579 3.008 3.331 3.369
Cl H-428x407x20x35 0.89 0.91 0.90 0.90 OK
ClA H-458x417x30x50 0.84 0.84 0.84 0.84 OK
C2 H-458x417x30x50 1.03 1.03 1.03 1.03 SAY OK
2SG3 H-692x300x13x20 0.88 0.87 0.87 0.87 OK
General 2SG4 H-800x300x14x26 0.99 0.99 0.99 0.99 OK
member 3SG3 H-582x300x12x17 1.02 1.01 1.01 1.01 SAY OK
3SG4 H-800x300x14x26 0.96 0.95 0.95 0.95 OK
4SG3 H-582x300x12x17 0.97 0.96 0.96 0.96 OK
4SG4 H-800x300x14x26 0.90 0.89 0.89 0.89 OK
RSG3 H-582x300x12x17 0.92 0.92 0.92 0.92 OK
RSG4 H-800x300x14x26 0.91 0.91 0.91 0.91 OK
2SGl H-606x201x12x20 0.61 0.85 0.68 0.67 OK
2SG2 H-606x201x12x20 0.60 0.84 0.68 0.66 OK
Member 3SG1 H-606x201x12x20 0.61 0.85 0.69 0.68 OK
applied to 3SG2 H-606x201x12x20 0.60 0.84 0.69 0.67 OK
T-stub 4SGl H-606x201x12x20 0.61 0.80 0.67 0.65 OK
connection|  4SG2 H-606x201x12x20 0.60 0.79 0.66 0.65 OK
RSG1 H-606x201x12x20 0.70 0.84 0.71 0.70 OK
RSG2 H-606x201x12x20 0.68 0.82 0.70 0.69 OK
CS 0.0543 -
Base Shear(kN) 4929.69 -
AF 0.0612m 0.0397m 0.0476m 0.0486 OK
(=0.0128h) (=0.0083h) (=0.0099h) (=0.0101h)
3F 0.0768m 0.0558m 0.0666m 0.0680m OK
i Inter- R (=0.0160h) (=0.0116h) (=0.0139h) (=0.0142h)
story drift Y oF 0.0812m 0.0637m 0.0730m 0.0742m OK
(=0.0169h) (=0.0133h) (=0.0152h) (=0.0155h)
IF 0.0467m 0.0425m 0.0448m 0.0451m OK
(=0.0097h) (0.0089h) (=0.0093h) (=0.0094h)
Allowable inter-story drift 0.020h i
standards
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