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Torsional Behavior of Hybrid Truss Bridge according to
Connection Systems

Kwang-Hoe Jung,l) Sang-Hyu Lee,” Jong-Won Yi," Ji-Hun Choi,” and Jang-Ho Jay Kim””
YResearch & Development Division, Hyundai Engineering & Construction, Yongin 446-716, Korea
ISchool of Civil and Environmental Engineering, Yonsei University, Seoul 120-794, Korea

ABSTRACT HTB (hybrid truss bridge) steel truss webs instead of concrete webs in prestressed box girder bridges has been widely
used in, because of its structural benefit such as relatively less self-weight and good aesthetics due to open web structure. Since the
core technology of this bridge is the connection system between concrete slabs and steel truss members, several connection systems
were proposed and experimentally evaluated. Also, the selected joint system was applied to the real bride design and construction.
The researches were performed on the connection system, since it can affect the global behavior of this bridge such as flexural and
fatigue behaviors as well as the local behavior around the connection region. The evaluation study showned that HTB applied to a
curved bridge or a eccentric loading bridge, characteristic has a weak torsional capacity compared to an ordinary PSC box girder
bridges due to the open structure of HTB. In this study, three box shaped hybrid truss specimens were made and the torsional test and
evaluation for them were performed in order to find out the torsional behavior of HTB according to the connection system.

Keywords : HTB (hybrid truss bridge), torsional behavior, connection system, torsional test
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Fig. 1 HTB (hybrid truss bridge)

(a) EHT: embedded type hybrid truss

Fig. 2 Load transfer mechanism at the connection joint
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(b) FHT: flange type hybrid truss (c) GHT: guesset type hybrid truss

(a) Front and right side view (EHT)

(b) Front and right side view (FHT)

(c) Front and right side view (GHT)

Fig. 3 Detail design of specimen (unit: mm)
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(EHT: embedded type hybrid truss), A&5H AEHE=S &

2 ZYolER AAY 7% FZ(FHT: flange type hybnd

truss), 181 BAEHE AET9 AAERCR dA4%

774 7Z(GHT: Guesset type Hybrid Truss), ©] 27 37}

AR Tz g HAAYE AAAS AZste] vEY
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Table 17} 2= 717} 2a) 7)<

2 Uehd Zolth 374 A3A < io]ﬂ o wE
1000 mm= A oz A|ZEQlow, AE )]
Zol% 4300 mm=z FLslth - s ZATE S HE
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Table 1 Dimension of specimen (unit: mm)

Index | Width | Height | Length thiilljlbe < I;:;ﬁtl
EHT 1000 1000 4300 150 100
FHT 1000 1000 4300 150 -
GHT 1000 1000 4300 150 -

Table 2 Material properties (unit: MPa)

Index Concrete | Steel truss/plate| Rebar
Type OPC SS440 SD400
Allowable i £.=140 £.=180
stress
Strength fa=40 f,=240 f,=400
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(a) Plate and steel pipe (b) Studs

(c) Form

(d) Strain gauge

(e) Concrete pour (f) Specimen installation

Fig. 4 Testing set-up for the connection joint

Fig. 5 Testing set-up for the hybrid truss girder
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(a) Gauge location

(b) LVDT location
Fig. 6 Set-up for gauge and LVDT

Table 3 Dimension of specimen (unit: mm)

Index | Width | Height | Length thiill:fe . E:IZTE
EHT 1000 1000 4300 150 100
FHT 1000 1000 4300 150 -
GHT 1000 1000 4300 150 -
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Fig. 7 Box girder bridge with corrugated steel web
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Table 4 Equivalent plate thickness (¢,)

Truss
a d t(] A(:u, Ad tb

angle 2
(mm) (degree) (mm) | (mm) |(mm”)|(mm”)| (mm)
EHT | 450 | 62.1 962 | 190 |50000|50000| 13.0
FHT | 450 | 64.2 | 1034 | 150 |45000|45000| 11.5

GHT| 450 | 64.2 | 1034 | 150 |45000|45000| 11.5

Index

(a) Side view

(b) Sectional view

Fig. 8 Dimension calculated by using converted thickness
of plate
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Table 5 Torsional moment and load

Index | 7, (kN-m)| 7, (kN-m)| 7 (kN-m)| P, (kN)

EHT 343.6 1017 1361 454
FHT 361.2 944.1 1305 435
GHT 343.6 944.1 1305 435

Table 6 Maximum moment and load

Index EHT | FHT |GHT

Torsional|D Calculated moment (kN -m)|1361 |1305|1305
moment (2) Measured moment (kN -m) | 1398|1074 |1092
(D Calculated ultimate load (kN)| 454 | 435 | 435
@ Measured max. load (kKN) | 466 | 358 | 364
@D 1.03 | 0.83 | 0.84

Load
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Fig. 9 Torsional test results (load-displacement)

Fig. 10 Torsional test results (load-twisting angle)
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Fig. 11 Measured strains in truss (T1, T2)

Table 8 Axial stress distribution (EHT)

LebbA, EHTZF FHTY GHTel w8l vlEd 34o] Applied Truss axial stress (MPa)
T ow AHEh Table 5914 78l MW B load |LTI|LT2|LT3|LT4|LTS|LT6
HIE = 2 2pel7h glalout AT 2ol w}a‘r o &N) [RTI |RT2| RT3 |RT4|RT5|RT6
f% AT Asell= 1}2;} f‘%j:é - 9&‘213‘;3% 1o L7277 [ 4157 | 176 | 218 | 201
- oF - - =
%] Ej :ng]?}]lLJ jiﬂ of u] ;%‘]’ ;;ﬁjg %3:1 219 | 274 | -158 | 30.0 | -16.6 | 40.2
Geo o = ool 200 37.0 | 464 | 453 | 42.1 | -54.0 | 447
21.8 | 429 | 329 | 402 | -329 | 504
42 ARO| RS- =2 300 455 | 593 | -59.3 | 53.5 | -70.9 | 70.0
249 | 547 | -55.1 | 56.6 | -51.8 | 60.7
Fig. 11614 R wvigl 2ol Adxels =L T, 350 -459 | 62.6 | -622 | 555 | -74.7 | 777
L T2, LT3, LT4 LTS, LT6F SZRTI, R T2 263 | 551 | -61.6 | 60.7 | -55.1 | 63.8
R T3, R T4, R_T5, R T6)°ll 384 & 62 Eg~7} 400 -48.7 | 64.6 | -63.3 | 59.0 | -74.9 | 83.0
A=A o] 9lom, Fig 11 71 F A= 714 7he 28.8 | 54.1 | -66.9 | 60.9 | -56.0 | 63.4
EZAL TI, L T2)¢ ®3ES VeRd otk Fig 11 450 512 | 66.7 | -64.8 | 60.7 | -78.3 | 89.3
o /] ®i= ule} o] FHTS} GHTS AHA W& & W3l= 2303 | 53.7 | -70.5 | 63.0 | -56.0 | 65.1
A2 FAFEHA el o, EHTE AR W858 FHTU 519 | 67.5 | -64.6 | 609 | -789 | 91.8
GHTRET} oF 1/3 ol Bt AS & 5 2}%13}. o] s} 466 2307 | 53.7 | -72.1 | 63.6 | -56.2 | 65.3
Zo] EHTE] AHA W Eo] AA vehb= 218, EHTE
A MEY oo TR SAUE SUBAN AFSE Lo Asial stress distribution (FHT)
Hhd o] FHTU GHT+ A8 E & Hof| deE = ats
o] ZWA ZHOIEE FTolA EYAR utE dddt Applied Truss axial stress (MPa)
load |LT1|LT2|LT3|LT4|LT5|LT6
(kN) 'R TI |RT2|RT3|RT4|RT5|RT6
Table 7 Twisting angle (unit: 10'3radian) 100 -51.6 | 535 | -60.9 | 463 | -57.6 | 49.5
Applicd|(D Calculated | Measured oD 377 | 404 | 473 | 36.1 | -44.6 | 36.3
load twisting angle| twisting angle -99.7 | 103.7 |-1183 | 89.5 |-113.2| 98.0
(kN) |EHT|FHT|GHT|EHT |FHT |GHT|EHT |FHT |GHT 200 =742 | 81.0 | -93.1 | 76.5 | -88.1 | 783
100 |1.24/1.52]1.52|1.15|1.17|1.57] 0.9 | 0.8 | 1.0 -149.4 | 146.9 | -170.0 | 124.9 | -162.5 | 152.6
200 [2.48(3.05(3.05(2.18(2.17]2.60| 0.9 | 0.7 | 0.9 300 -135.7 | 122.9 | -165.4 | 119.4 | -165.2 | 139.7
300 [3.72|4.57|4.57|3.74(5.16]5.42| 1.0 | 1.1 | 1.2 -171.9 | 161.5 | -191.7 | 121.9 | -168.0 | 186.9
350 |4.34(5.33]5.33/4.82(8.97(8.00| 1.1 | 1.7 | 1.5 330 202.1 | 139.3 | -230.9 | 138.4 | -230.3 | 180.9
400 |4.96/6.09(6.09|581| - | - [12] - | - 15g 1755|1642 | -1945 | 1168 | -1786 | 2042
450 |5.58/6.85/6.85/6.90| - | - [12] - | - 222.8 | 139.3 | -270.0 | 141.8 | -2682 | 193.8
=gEa|Awo| AETRE HISE HS | 69



Table 10 Axial stress distribution (GHT)

Applied Truss axial stress (MPa)
load |LTI |LT2|LT3|LT4|[LT5|LT6
(kN) 'R TI |RT2|RT3|RT4|RTS|RTG
56.7 | 69.8 | -72.6 | 73.6 | -81.5 | 582
0 570 609 | 616 | 553 | 607 | 429
sop 71033 | 1251 [ 1344 1344 1471 | 1012
-70.0 | 110.0 | -115.9 | 103.0 | -113.8 | 80.0
-170.8 | 163.8 | -212.5 [ 201.3 | -251.9 | 151.5
00 33| 1563 | 2043 | 15458 | 2153 | 1260
-208.0 | 184.3 | -242.1 | 230.0 | -300.9 | 176.3
30 san [ 1813 | 2435 | 1803 | 2653 | 157.9
joq 2231|1852 2427 | 2362 | 3145 179.5
-167.9 | 184.5 | -258.6 | 182.4 | -286.0 | 165.4
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(a) EHT

(b) FHT

(¢) GHT

Fig. 12 Crack patterns

Table 11 Cracking load (unit: kN)

Index v Srzlccl?ilr?gclload ? g:;ililrzdload @
EHT 108 79 0.73
FHT 124 52 0.42
GHT 124 56 0.45
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