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An Experimental Study on the Static Load Capacity of T-Type
Tension Joints with High Tension Bolt
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Abstract - The tension type joint is a mechanically very efficient connection method, as it directly uses the load capacity of base
metal or high tension bolt, the reduction of the number of drilling hole and fastening and the fatigue resistance. It is applied to the
joint of girder and cross beam, horizontal joints of towers, beam to column joints, the secondary member joints of deck floor
ends, and brackets. In this paper, static load tests for the T-type tension joint were conducted to investigate the structural behavior
of the joint. The parameters were bolt diameter, flange thickness, and the reduction of clamping force of the joint. The failure
modes and load capacity of joints and the effects of flange thickness, bolt diameter and clamping force were investigated.
Keywords - High tension bolt, Tension type joint, T joint, Static load capacity

=
X
Hu
T
1o
)
o
q
N
i
1o
4
Ofl.
2
o
=)
)
jf_t
e
iz
1o
N
0
—z
=
re
ik

Bl A FA o] o] &L 515 A W wek Y Agely) e upEol Lot £74018-8 HEsks A
e o3t npol St ol Lol £ AGH nhe] gy e BES o]83t AolSS A8sie Ao] A
B2 ol Y] AEH] WA s vpEo] s FEd Ao 4 gy
Loz vpakeel g W o5 A8 BRI TR AS e Bed] ot Agol S 5159 A8 W] 1%
Hgo7|7F of e, olRt A o5 FR EHOlEE AR g REO Zulgh) Zong eE MPHoR Ag
S ol 5ol oot m= Fofl Ot 249 g 4 9lon Z47ko] 1Y HEC e Hjgto s
A Thsdel wopdtt. 283k 4= glon @ nhol- 2o wls| o] HEo] Aa &

e 5 ol S RolA B150] A W A HEW  go] mrjm 8 4 9ir), wah BER0] sl 4 A
o Az o] F= A= Fig. 13 &2 WF AG VIR o rar Ao rw gElatn, §70]80] £4H Y

A=l e dea sk WiAd & QlonE o= A e
Note.-Discussion open until August 31, 2015. This manuscript by & 2 9}

for this paper was submitted for review and possible publication - -
o]Z&}ol-L-o AR 3 L H_y|=
on July 29, 2014; revised November 12, 2014; approved on ol sef ofefe s aeste] gl M B-7]s
November 17, 2014. AARE FHOR ofg 717 A7} AP, 22
%opyright Ej@ 2015thby Korean Society of Steel Construction o= o] oHo] YT}t A =S 95t HAIE s A mlo]
orresponding autnor. - -
o) o MLILILITLIL o118 A MAE= A ]
Tel. +82-32-610-3311 Fax. +82-32-610-3224 A= e , B A st A A1
E-mail. cjunh@bc.ac.kr T f e LML - ey shfjol A 1A BE
dagTxets] =2 A2 AISEY A1345) 20159 29 53


https://crossmark.crossref.org/dialog/?doi=10.7781/kjoss.2015.27.1.053&domain=http://ksscjournal.or.kr/&uri_scheme=http:&cm_version=v1.5

R e
ST
ﬂﬂ_/l;o b W
Mmﬁ e No M = W} ~H &o IR~
TR 5 TEIETTT
ﬂﬁgm %%w waﬂgﬂng -
ﬂnﬂﬂxumﬁ(l\ F quo mﬂEaT,o' =
o ™ W-L‘_om._n % Ry = Ry ~
2 T omﬁ%mWL@%& 8 B
7oy_6‘_ jaris o Zo:eoL NS =
S12l B ﬂ>_t :
]ﬂmt”] o] ﬂﬂ L.O,Wﬁ.” =0 1;.._ vt . ..:.._ (<%
Rlﬂd 4Xa_#od..u1r~ﬂﬂ)ocdn.um T
o 5N P S mﬂﬁJ%%omﬂE@®ub7 X
= @f}t%m ._%E;w%&@mu;ﬁﬂ% i
_o].l —_ — .
of MOLoZm ﬂ”ie&a7dﬁqg;a@»\uqmﬁ - o
o e mr | B 8 3 X0 a8 w
|3 oﬁx_.dhs oLoLMoEﬂE %F/&h@oe@ ~
O ]]] lﬁAr_ivAO O#IHLE__OL- 32 e
_U o 3 X7 WC XH o7 w X e NI . o R I
= T o T = ﬂﬁﬁﬁp_.l.mow_m) K -
o OER o < .‘WE ﬂA.OJ_l7FF.L8 ~ -
%o oaauaﬂ. W@L}t%j L_LM(J( = e ) m
= 1ﬁ_elému~@ 3 Yo ] A Sl T W~ il -
° mo,moﬂmwg%mo%zmggmnm Y 2SS
X m&%%ﬂ%@w& zﬂﬂé_ﬁ@ﬁ = SN e} R
xﬂq@q@g%ng,vagﬂ = o
_ o) %W;%H.aﬂ@w@uﬂ@ﬂu =~k o <
e EIJIXI_tﬂ'mHHoEﬂﬂ H,40 ST (i
EOHO_H ~ L|,0.A_ o ~— X |+ 3]
= o | =y 4 w oon al n
% o y O E PR ) _, : e
Ho_n__M %Wﬂﬂ Tﬂuﬁoﬂiv 5 I .
X ﬂzo N R R g Ho | &~ x
- ,rl JIXoﬂﬂ = L.:Adu o T —_—
o H o+ N o - an.ul z s o T o“v op = .W/!
- o X - B oﬁoeﬁ.ﬁ a_.ﬂ]uﬂd\mﬂurm
&7 ﬂ,_mﬂu mﬂ1z1r7_ L]o . il
w F L TELT 5 oS AN M EEEL
_ﬁoﬁﬁ.ﬁadl.zﬁva_uﬂmu__o ﬁEATJ_m_._‘LO quaﬂmEou@L%.a]ﬂ
Q,@%mffo_ugao R e 3o L__wzﬂoﬁww@ﬂ%zoﬂwm
il o %7 o o 0 op =
%mgmwwww %%M%% H@%%qu%;%@e
meﬂ_.%ALﬂbﬁTﬂu‘ _dI_OOLﬂ Leﬂ_.J.oMz_.PTﬂﬂw#d'Wmu
MWTENWEQ% Huuﬁ,%%no WNW%%W%%%@TQ
X N o o T ¥ taomﬂqm Ao T wa,%eolAAmM
—_— " _.:o o
x° W__M er_ ajo L_,Tuﬁ G ﬁrm T o X s o m.mun ﬂm ) Hﬂ__l o @‘ n_%. - B M o
@%@%%@ww wgaqaq%qq%ﬁwW%W$ﬂ4
Qaﬁﬁil%c_oﬁ ﬂoiTéﬂﬁﬂﬂﬂ%1zll_ioaoﬂqo_i
%nokgﬁﬂaol Hﬂﬂﬂogﬂcoagﬁooﬂmﬂﬂ T o
ﬂﬂv,@ol_nufmooﬂ.w;eﬂﬂﬂo%l ﬂue?]ﬂé#ﬂomﬂwuxﬁ
- ﬂ.g.oﬁa oy = L 2o m E_ﬁimmﬂ __ogeo_ov W] i
ﬂﬂéqﬂo@‘mﬂ@ﬂmﬂ xr DF xoﬁﬂmﬂ‘ro o Jaﬁtiemﬂo
m_ﬂmﬂlzaJLA_,m._u, aoo_mﬂﬁqiooﬂmmiuogoﬂ@mmA ol
uxio%mﬂaom_m_ﬂm‘_/lﬂﬁtnnn__/u‘_mmﬁmo7mﬂﬁ_@mﬁ
7ﬂ4dnﬂoLﬂmwmﬂﬂaﬁTRoﬁ]aumioQOHMDM%‘_/IW
CR o_n,woﬂﬂoﬁmuuﬂwlwuur@o]ﬁqﬂ © B
700Tmma£omxe._omﬂmﬂo.mhdu.m_el_w
7oL|,_1_ Xo]dnﬂ R
~ tﬁodﬂmﬂel?_ B T
Eyﬂ\ﬁ%oi&%_d@%
o Moﬁ__noomﬂﬂo;.-
EA e
qulﬂw_Mﬂ

Fi
g. 2. Pryi
Ing mo
del of struik and d
e back™

o A2
78 A1S
Iesa A4
%) 20
154

Fi
g. 1. Ex
amme of
tensile i
ensile joints for brid;
Tl (11
ge



o8 - H28 - 7
i x s 3. R
. . HAYHE B FA% A BE H7o] ©h2 QAo
Sof ol el el e o240 M-S A
517] 18] 5|k, 14 BE <ol g AlgAe] AY
2 Table 10] Lhehfgich AlR¥SE 242 BE 473 T

® Plastic/Ultimate stress

olF2] EMA| FARA, EMA] FA= 16mm, 23mm, 28mm
o 8 2k nAE EEQ] A
= st A Mg A5kl
300mm, FA) S| dol= oommo]u}, /\]‘ﬁxﬂtg
A FA T 1FEEE 2
Atk AlgA & LT= 93

Fig. 3. T-Stub failure modes; (a) Flange plastic mechnism, (b)
Combined bolt/flange mechanism, (c) Bolt mechanism
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Table 1. Geometry of specimens
Bolt Web Flange
Specimens Bolts diameter thickness | tthickness a b P 5
d by tr (mm) (mm) (mm)
(mm) (mm) (mm)
T16-M16-1 M16x70 16 10 16 53.0 92.0 100 0.84
T16-M16-2 M16x70 16 10 16 53.0 92.0 100 0.84
T16-M22-1 M22x75 22 10 16 56.0 89.0 100 0.78
T16-M22-2 M22x75 22 10 16 56.0 89.0 100 0.78
T16-M22-LT-1 M22x75 22 10 16 56.0 89.0 100 0.78
T16-M27-1 M27x85 27 10 16 58.5 86.5 100 0.73
T16-M30-1 M30x90 30 10 16 60.0 85.0 100 0.7
T23-M16-1 M16x80 16 14 23 53.0 90.0 100 0.84
T23-M16-2 M16x80 16 14 23 53.0 90.0 100 0.84
T23-M22-1 M22x90 22 14 23 56.0 87.0 100 0.78
T23-M27-1 M27x100 27 14 23 58.5 84.5 100 0.73
T23-M30-1 M30x110 30 14 23 60.0 83.0 100 0.7
T28-M16-1 M16x90 16 16 28 53.0 89.0 100 0.84
T28-M22-1 M22x100 22 16 28 56.0 86.0 100 0.78
T28-M22-LT-1 M22x100 22 16 28 56.0 86.0 100 0.78
T28-M27-1 M27x110 27 16 28 58.5 83.5 100 0.73
T28-M30-1 M30x115 30 16 28 60.0 82.0 100 0.70
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Fig. 4. Gage positions of specimen
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Table 2. Mechanical properties of bolts and clamping force

Diameter Nominal Design Obj ecft Coefficient | Clamping Yielding Tensile
Specimens of area of | Clamping | Clamping of Torque Force Force
bolt bolt Force Force of bolt of bolt

) | et | N | gy | T N g )

T16-M16-1 16 201 106 117 0.133 249 211.7 223.5
T16-M16-2 16 201 106 117 0.133 249 211.7 223.5
T16-M22-1 22 380 205 225 0.135 668 392.2 416.5
T16-M22-2 22 380 205 225 0.135 668 392.2 416.5
T16-M22-LT-1 22 380 205 135 0.135 401 392.2 416.5
T16-M27-1 27 572 310 341 0.140 1,289 600.6 646.9
T16-M30-1 30 708 379 417 0.131 1,639 715.8 768.9
T23-M16-1 16 201 106 117 0.166 311 211.7 223.5
T23-M16-2 16 201 106 117 0.166 311 211.7 223.5
T23-M22-1 22 380 205 225 0.134 663 392.2 416.5
T23-M27-1 27 572 310 341 0.140 1,289 600.6 646.5
T23-M30-1 30 708 379 417 0.135 1,689 715.8 768.9
T28-M16-1 16 201 106 117 0.166 311 211.7 223.5
T28-M22-1 22 380 205 225 0.136 673 392.2 416.5
T28-M22-LT-1 22 380 205 135 0.136 404 392.2 416.5
T28-M27-1 27 572 310 341 0.140 1,289 600.6 646.5
T28-M30-1 30 708 379 417 0.134 1,676 715.8 768.9
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Fig. 6. Fracture types of specimens
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(c) Type of flange fracture
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Table 3. Results of the test and prediction of load capacity

Hgol o 3A yebg.

Experiment Prediction
Max. s s . . .
Specimens Load Max, Yielding Yle.ldlng Tensile Te-ns1le T, T, T, Capacity
&N) Displ. Load Displ. Load Displ. Eq.(1) Eq.(2) Eq.(3) (kN) A/B
) (mm) (kN) (mm) (kN) (mm) (kN) (kN) (kN) (B)
T16-M16-1 134.5 27.22 | 101.45 5.41 102.3 5.67 60.2 184.1 223.5 60.2 2.23
T16-M16-2 109.1 - 97.8 3.06 98.65 3.07 60.2 184.1 223.5 60.2 1.81
T16-M22-1 149.6 14.54 135.1 9.52 140 9.8 60.2 342.4 416.5 60.2 2.49
T16-M22-2 160.0 - 140.6 3.28 141.7 3.29 60.2 342.4 416.5 60.2 2.66
T16-M22-LT-1| 146.3 - 135.4 7.78 136.45 8.06 60.2 342.4 416.5 60.2 243
T16-M27-1 219.4 34 192.7 342 193.4 34 60.2 542.8 646.9 60.2 3.65
T16-M30-1 222.2 3.51 218.7 3.51 219.8 3.52 60.2 657.1 768.9 60.2 3.69
T23-M16-1 157.5 3.36 156.3 3.82 157.45 3.36 1271 209.1 223.5 1271 1.24
T23-M16-2 152.3 5.36 146.7 5.54 148.9 5.5 127.1 209.1 223.5 127.1 1.20
T23-M22-1 276.4 4.46 230.75 1.34 232.6 1.2 127.2 369.7 416.5 127.2 2.17
T23-M27-1 339.0 6.49 272.6 2.21 275.15 2.07 127.3 572.8 646.9 127.3 2.66
T23-M30-1 336.6 3.47 303.7 1.62 306.15 1.81 127.3 688.7 768.9 127.3 2.64
T28-M16-1 146.2 0.29 146.15 0.29 146.15 0.29 190.5 231.7 223.5 190.5 0.77
T28-M22-1 285.9 1.48 284.95 1.64 284.3 1.82 190.7 393.4 416.5 190.7 1.50
T28-M22-LT-1| 287.6 3.06 281.6 2.21 281.85 2.33 190.7 3934 416.5 190.7 1.51
T28-M27-1 375.7 3.51 356 5.12 358.65 5.39 190.9 597.9 646.9 190.9 1.97
T28-M30-1 382.0 5.52 378.45 4.82 381.25 5.13 191.0 714.6 768.9 191.0 2.00
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