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Behavior of Post-tensioned Steel Beam to CFT Column

Connections with Energy Dissipating Bars

Student: Chung-Hao Huang Adviser: Dr. Cheng-Chih Chen

Department of Civil Engineering

National Chiao Tung University

ABSTRACT

This study aims to investigate application of post-tensioning technology in structural
building systems to prevent unexpected brittle’ failure of steel welded beam-to-column
moment connections, as observed during the 1994 Northridge earthquake. Unlike the
moment connection, the post-tensioned beam-to-column connections are joined through
the use of high-strength strands, :witheut‘welding. This study investigates the effects of
parameters of the post-tensioned connections with energy dissipating bars on the cyclic
behavior. The parameters studied include”the diameter and the length of energy
dissipating bars, the initial post-tensioning force, and the amount of the post-tensioning
strands. The behavior of post-tensioned steel beam-to-CFT column connections with
energy dissipating bars has been investigated analytically and experimentally.
Experimental results demonstrated that the connections possess self-centering response,
gap opening and closing at the beam-to-column interface, energy dissipation
characteristics, and no inelastic or residual deformation. Moreover analytical predictions

correlated well with the experimental results.

Key words: post-tensioned, beam-to-column connection, energy dissipating bar,
self-centering response.
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% 31 gt 4

Number Diameter Length

: M, /M,
Specimen of of of o
0.6" strands ED bar (mm) ED bar (m)  (70)
S1-1 12 - - 27.5
S1-2 12 16 1.0 32.4
S1-3 12 16 1.0 32.5
S1-4 12 22 1.0 30.6
52-1 20 22 0.6 37.7
52-2 20 22 1.0 35.1
2 3.2 33ARTL 2 Hchh A
(a)
: k ky ks S Opiin Toisia /Tt T /T
SPECIMEN  \ N/m)  (kN/m) (kNG ). o6 rad) (%) (%)
S1-1 6125.6 603.4 -603.4 - 4.1 29.4 62.7
S1-2 6125.6 2574.7 -~ 608.2 0.006. -3.8 34.6 66.3
S1-3 6125.6 2574.7- 603.7 -0.006 3.8 34.7 66.5
S1-4 6125.6 3830.5 = 6484 0:002 3.7 32.7 64.1
S2-1 6125.6 5307.2 928.6 0.005. 3.5 24.1 514
S2-2 6125.6 3979.2 913.4°.0.004 35 22.5 50.0
(b)
Specimen Mt,ed,th /MP Mt,st,th /MP (Mz,ed,zh +Mt,st,th )/MP Mt,th /MP Md /MP Ht
(%) (%) (%) (%) (%) (% rad)
S1-1 0.0 58.7 58.7 58.7 27.5 5
S1-2 17.8 62.1 79.9 79.9 32.4 5
S1-3 17.6 62.2 79.8 79.8 32.5 5
S1-4 26.4 60.0 86.4 86.4 30.6 5
S2-1 26.0 80.2 106.2 106.2 37.7 5
S2-2 25.3 78.1 103.3 103.3 35.1 5
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#3341 2 R F AT 4

(@) 19 ZHEET
Yield strength  Ultimate strength

Coupon Steel grade

(MPa) (MPa)
Beamweb  A572 Gr. 50 440 537
Beam flange A572 Gr. 50 426 527
Column tube A572 Gr. 50 354 494

(b)ij wc 4h #% 7 "F AT
Yield strength  Ultimate strength

Coupon (MPa) (MPa)
16 mm ED bar 657 672
22 mm ED bar 474 539
F 3.4 L Aldm g R A
External Internal
Specimen diameter diameter
of tube of tube
(mm) (mm)
S1-1 - -
S1-2 26 21
S1-3 26 21
S1-4 32 26
S2-1 32 26
S2-2 32 26

3 3.50.6"4 i S H BT 4

Diameter Sectional  Yield Ultimate Mog:ﬂ“us
Strand  Specification area strength strength elasticity
2
(mm) (mm?) (MPa) (MPa) (MPa)
15 mm ASTM
(0.6") A 416 15.24 140 1670 1860 195000

Grade 270
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% 36 E A

External Internal

Iltem Loa_ld cell diameter diameter Length Number
capacity ( ton) (mm) (mm) (mm)
T-200 200 75 150 250 4
N-200A 200 100 160 150 4

#4178 S1-1° LA R g B R4 EREHEVRE

(@) & i &

Specimen S1-1 East beam West beam
Story drift B, By Error Py Error
(%) (KN) (kN) (%) (kN) (%)
0.375 68.9 67.8 1.6 64.6 6.6
0.50 75.5 76.6 1.5 75.0 0.7
0.75 80.0 86.1 7.1 83.7 4.4
1.0 84.5 94.7 10.7 89.9 6.0
1.5 93.6 102.7 8.9 99.2 5.7
2.0 102.6 113.5 9.6 108.7 5.6
3.0 120.7 133.7 9.7 127.6 5.4
4.0 138.8 153.4 9.5 146.3 5.1

() % iz

Specimen S1-1 East beam West beam
Story drift F, L Error Bes Error
(%) (kN) (kN) (%) (kN) (%)
-0.375 -68.9 -64.8 6.3 -53.5 28.8
-0.50 -75.5 -71.7 5.3 -64.7 16.7
-0.75 -80.0 -79.7 0.4 -74.5 7.4
-1.0 -84.5 -85.2 0.8 -82.0 3.1
-1.5 -93.6 -95.0 1.5 -92.2 1.6
-2.0 -102.6 -104.6 1.9 -101.9 0.8
-3.0 -120.7 -124.1 2.7 -121.9 0.9

-4.0 -138.8 -143.5 3.2 -141.2 1.7

65



2423 S1-27 LR RELFBIERXS BHRLE " RE

(@t kFRiit

Specimen S1-2 East beam West beam

Story drift P, P Error P Error
(%) (kN) (kN) (%) (kN) (%)
0.375 68.9 80.1 13.9 85.2 19.1
0.50 88.8 98.5 9.8 100.2 11.4
0.75 108.1 117.0 7.6 116.9 7.5
1.0 127.4 133.2 4.4 131.6 3.2
1.5 150.0 155.1 3.3 152.9 1.9
2.0 159.1 167.8 5.2 163.2 2.5
3.0 177.4 186.5 4.9 180.3 1.6
4.0 195.6 198.9 1.6 194.7 0.5
5.0 213.9 209.6 2.0 206.9 3.4

(b). o iz &

Specimen S1-2 East beam West beam

Story drift P, P Error P Error
(%) (kN) (KN) (%) (KN) (%)
-0.375 -68.9 -75.8 9.1 -77.4  11.0
-0.50 -88.8 -90.5 1.8 -95.2 6.7
-0.75 -108.1 -108.9 0.7 -112.2 3.7
-1.0 -127.4 -125.3 1.7 -128.3 0.7
-1.5 -150.0 -146.7 2.2 -147.8 1.5
-2.0 -159.1 -157.3 1.1 -158.8 0.2
-3.0 -177.4 -175.8 0.9 -176.3 0.6
-4.0 -195.6 -190.9 25 -190.8 25

-5.0 -213.9 -202.7 5.5 -200.1 6.9
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(@t kFRiit

Specimen S1-3 East beam West beam

Story drift P, P Error P Error
(%) (kN) (kN) (%) kN) (%)
0.375 68.9 73.0 5.6 72,5 4.9
0.50 89.0 96.8 8.0 95.2 6.5
0.75 108.3 118.4 8.5 116.5 7.0
1.0 127.6 137.4 7.1 134.1 4.8
1.5 150.3 163.7 8.2 160.8 6.5
2.0 159.3 175.3 9.1 172.5 7.6
3.0 177.5 193.7 8.4 191.6 7.4
4.0 195.6 209.1 6.5 209.9 6.8
5.0 213.7 221.5 3.5 221.9 3.7

(b) foky g iz &

Specimen S1-3 East beam West beam

Story drift P, T Error Py Error
(%) KN (kN (%) (kN) (%)
-0.375 -68.9 £62.3 10.6 -69.4 0.7
-0.50 -89.0 -80.2 11.0 -87.1 2.2
-0.75 -108.3 -106.0 2.2 -110.5 2.0
-1.0 -127.6 -124.4 2.6 -128.2 0.4
-1.5 -150.3 -150.4 0.1 -150.3 0.0
-2.0 -159.3 -162.3 1.8 -162.6 2.0
-3.0 -177.5 -181.4 2.2 -181.7 2.3
-4.0 -195.6 -197.9 1.2 -197.5 1.0

-5.0 -213.7 -207.4 3.0 -206.0 3.7
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Specimen S1-4 East beam West beam

Story drift P, P Error P Error
(%) (kN) (kN) (%) (kN) (%)
0.375 68.9 69.1 0.2 71.7 3.9
0.50 88.1 85.5 3.1 90.0 2.1
0.75 116.8 118.6 1.5 112.8 3.5
1.0 145.6 141.7 2.7 135.5 7.5
1.5 163.1 175.4 7.0 171.3 4.7
2.0 172.8 186.1 7.1 182.5 5.3
3.0 192.3 203.6 5.5 200.7 4.2
4.0 211.7 218.2 3.0 216.8 2.3
5.0 231.2 230.4 0.3 229.8 0.6

(b). o iz &

Specimen S1-4 East beam West beam

Story drift P, 7 Error Py Error
(%) (kN) (kN) (%) (KN) (%)
-0.375 -68.9 162.4 10.4 -65.7 4.9
-0.50 -88.1 -78.0 12.9 -81.5 8.1
-0.75 -116.8 -102.6 13.9 -107.4 8.8
-1.0 -145.6 -125.1 16.4 -129.5 12.4
-1.5 -163.1 -158.6 2.8 -158.0 3.2
-2.0 -172.8 -169.5 2.0 -171.0 1.1
-3.0 -192.3 -189.0 1.7 -191.5 0.4
-4.0 -211.7 -205.8 2.9 -207.7 1.9

-5.0 -231.2 -219.5 5.4 -220.9 4.7
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(@t kFRiit

Specimen S2-1 East beam West beam

Story drift P, P Error P Error
(%) (kN) (kN) (%) (kN) (%)
0.375 68.9 65.8 4.8 67.1 2.8
0.50 91.9 89.0 3.2 87.0 5.7
0.75 132.9 130.0 2.2 121.8 9.1
1.0 172.7 163.2 5.8 152.9 13.0
1.5 186.9 205.5 9.1 198.0 5.6
2.0 200.8 225.6 11.0 216.5 7.2
3.0 228.7 253.4 9.7 244.0 6.3
4.0 256.5 272.9 6.0 266.0 3.5
5.0 284.4 284.3 0.1 280.1 1.5

(b). o iz &

Specimen S2-1 East beam West beam

Story drift P, T Error P Error
(%) (kN) (KN) (%) (KN) (%)
-0.375 -68.9 £63.8 8.1 -64.6 6.7
-0.50 -91.9 -82.1 11.9 -82.6 11.3
-0.75 -132.9 -111.6 19.0 -113.0 17.6
-1.0 -172.7 -138.7 24.5 -140.2 232
-1.5 -186.9 -173.3 7.9 -174.1 7.3
-2.0 -200.8 -194.2 3.4 -196.0 25
-3.0 -228.7 -225.1 1.6 -225.0 1.6
-4.0 -256.5 -248.7 3.2 -244.8 4.8

-5.0 -284.4 -264.7 7.5 -255.7  11.2
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Specimen S2-2 East beam West beam

Story drift B, L Error L Error
(%) (kN) (kN) (%) (kN) (%)
0.375 68.9 83.7 17.7 66.7 3.3
0.50 91.9 109.6 16.2 81.5 12.7
0.75 122.4 138.9 11.9 108.0 13.3
1.0 152.2 159.9 4.8 137.7 10.6
1.5 180.5 200.0 9.7 185.8 2.8
2.0 194.2 220.3 11.8 212.0 8.4
3.0 221.6 244.4 9.3 238.6 7.1
4.0 249.0 263.6 5.5 260.2 4.3
5.0 276.4 252.1 9.7 269.7 2.5

(b). o iz &

Specimen S2-2 East beam West beam

Story drift P, B Error Py Error
(%) (kN) (KN) (%) (KN) (%)
-0.375 -68.9 -67.3 2.4 -70.0 1.6
-0.50 -91.9 -92.3 0.4 -92.6 0.8
-0.75 -122.4 -124.1 1.4 -124.0 1.3
-1.0 -152.2 -148.8 2.3 -149.6 1.8
-1.5 -180.5 -189.0 4.5 -193.3 6.6
-2.0 -194.2 -208.1 6.7 -214.7 9.5
-3.0 -221.6 -236.1 6.1 -240.0 7.6
-4.0 -249.0 -258.6 3.7 -259.6 4.1

-5.0 -276.4 -266.0 3.9 -255.7 8.1
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(@) ERE0-1 FEE T B v i

East beam West beam
Specimen ki, Ky Error Ky Error
(KN/m) (kN/m) (%)  (kN/m) (%)
+ 6004 2.0 6275 2.4
si-1 6126 6004 2.0 6275 2.4
+ 6764 9.4 7029 12.9
sl2 6126 e 94 7020 129
+ 6164 0.6 6437 4.8
sl-3 6126 6164 0.6 6437 4.8
+ 6177 0.8 6354 3.6
sl4 6126 6177 0.8 6354 3.6
+ 5894 3.9 6010 1.9
521 6126 g0 39 G010 1.9
+ 5977 25 6000 2.1
S22 6126 5977 2.5 6000 2.1

(b) M L2152 R

East beam West beam
SpECImen kZ,L‘h kZ,test Error k2,test Error
(kN/m)  (kN/m) (%)  (kN/m) (%)
+ 677 10.9 636 5.1
st 603 673 10.3 651 7.3
+ 2491 3.4 2736 5.9
S1-2 2805 2451 5.0 2074 13.4
+ 2539 1.4 2595 0.8
SI-3 B o7 48 2740 6.0
+ 3920 2.3 3584 6.9
sl-4 38l 3524 8.7 3665 4.5
+ 5471 3.0 5314 0.1
521 5307 4890 8.5 4784 10.9
st 3979 3922 1.5 3749 6.1

. 3765 5.7 3805 4.6
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(C) #HE 23 FP L RV R

7 =

L

higv it ()

Est beam Est beam

Specimen ks k3 e Error K3 s Error
(kN/m)  (kN/m) (%)  (kN/m) (%)

a1 w2 gr @
a0 T owe X %
ST 64 g 100 s 126
st T8 0l g e es
I T I
22 1 98 e s o se

2A8FME R R LGB a2k PR LG A

4% Story drift 5% Story drift
East beam West beam 0 East beam West beam
Specimen _ " et et et et Oyt es
orad) opray  orad) P oprad) (% rad)
+ - + - + - + -
S1-1 3.24 315 323 322 325 4.15 - - - -
S1-2 294 302 3.06 3.08 310 3.84 397 4.00 4.02 4.05
S1-3 294 287 293 291 298 3.84 380 3.88 3.85 3.93
S1-4 285 282 289 286 291 374 376 3.82 3.79 384
S2-1 260 246 259 253 264 345 339 350 3.45 358
S2-2 2.64 253 256 255 256 350 359 352 350 3.58
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% 4.9 :FE WL m %g”%‘F"‘f DEEFTEERLE I RA
4% Story drift 5% Story drift
M, East beam West beam M, East beam West beam
Specimen t(’g/o) M, /M, M, /M, t(’h/o) M, |M, M, /M,
(%) (%) (%) (%)
+ - + - + - + -
S1-1 51.9 61.4 556 586 56.5 58.7 - - - -
S1-2 73.1 796 764 779 764 799 839 812 828 80.1
S1-3 73.1 83.7 79.2 840 79.1 79.8 88.7 83.0 888 825
S1-4 79.1 874 824 86.8 83.2 86.4 922 879 920 884
S2-1 95.8 109.2 99.6 1065 98.0 106.2 113.8 106.0 112.1 102.4
S2-2 93.1 1055 1035 104.2 103.9 103.3 100.9 106.5 108.0 102.4

#AL0 G EAp L FEGETEFERRG L R

Specimen Story'drift My, /M, M, ../M,

(%, rad) (%) (%)
S1-1 ;‘:8 gég 52_.0
=
we BTEL
4 50 0 549
O O S 3
w8 8
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18" g
(ar0mm 15

P=200 Kips
(880 kN
* | Hole Detail to
Fit Actuator
— — — — (30552”mm) Pettern
=== Duct for
270 Kip
(1202 kN)
* 2" (51 mm) Beam Tendon

h 10" (254 mm) DIA
L Spiral #3 @ L.75°
(44 mm) Spacing
32" Tendon Duct
{813 mm)
——— - -
160 Kips
(712 kN)
Section A-A 1" Cover *
(25 mm) @
8.5in
{216mm) {._ N N U DR S N
._i_____ I o
t T JUNO SR P U i
ssmn ThH+H-F4-1+1-1
{216mm)

i
End Anchorage Spirals
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