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Fig. 4. Result of single joint validation model. a) Force —
displacement diagram. b) Moment — rotation diagram.
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Fig. 6. Cross section of studied bridge

Table. 1. Details of cables

Situation Area(mm? ) Number

Overall 42560 1
8 Joints at

Midspan 5320 2

Table. 1. Details of cables
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Fig. 8. Moment — rotation diagrams of Push over analyze at
middle joints. a) Positive rotation. b) Negetive rotation.
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Table. 2. Summary of selected records
Moment
Scale — Magnitude  Appreviation Record
Factor
(M, )
0.88 7.6 TCU76 Chichi (Taiwan)
112 6.7 ERZ Erzincan (Turkey)
192 75 GBz Turkey(Kokaeli)
0.64 6.9 TAK Japan (Kobe)
0.72 6.9 KIMA Japan (Kobe)
0.64 7.3 LUC Landers (California)
Northridge
067 67 RIN (California)
ImperialValley06
0.96 6.5 EDA (ElCentro Differential
Array)
Morgan Hill (Coyote
0.8 6.2 MGH Lake Dam (SW
Abut))
104 6.9 GIL Loma Erleta (Gilory
galivan coll)
0.94 6.92 AVE oSSl

Table. 2. Summary of selected records
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Fig. 11. Maximum displacement of middle jointe under near-fault
maximum considered earthquake. a) Uper fibers. b) Lower fibers

R
oo 355 o S STl Lo ) ool ol a5
Yo 55 W8 Jbesis a5 0B 5L il 5o Dl @ aalllas 5 e
Glols Cms Sl slayp &Skl i S 15 36 co
05535 03 5 osls s 3y 35 Caglis e S b
St gl s 5o 3 (S lan 34 OF Js o 3550
P S Sy 5 WS s s aesle 68 ol e
2 eibw glranlr Jud 5 md wmse S ol dade
S-SR Soge > Ll5 e GS adl eV 4 5y
201 S o 03,55 e 5 Cmdly 55 eVl (5 4o
S oalS a3 5 Jsn 055 0 oS L S5 b S
=S il ) an Sl ol A Lol s s Sl
S b ol s 5 elSaSS (55,8 04 o ) 5 S

S S S s Cnslio by 4 5 BB L e el

055 b sz o sladlils s Sle glasys O iy Sl K
300 b () s Vb (sl () Jlw £Vo iS50
-0.02

= =
N c
-0.04
-0.06
-0.12

-0.08
-0.14

Q

(¥

I DN

0.00

B NI

N
I /D

—— O]
I (1O.L

I V1
I AV

-0.10

I (1

Deformation (mm)

(a)

1.20
1.00
0.80
0.60
0.40
0.20
0.00
-0.20

Deformation (mm)

EDA =
GIL =

N D
[aa]
G 3

ERZ
KIMA
MGH
TAK
C
AVE
RIN

(b)

Fig. 10. Maximum displacement of middle jointe under near-fault
design earthquake. a) Uper fibers. b) Lower fibers
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Abstract:
Precast segmental construction methods can decrease bridge construction costs by reducing construction time while
the quality control criteria are satisfied. In addition, the absence of scaffold can minimize traffic congestion and
environmental impacts. Because of these great advantages, application of precast segmental bridges is increasing in
the world. However, lack of reliable knowledge about the dynamic response of these bridges under seismic loads has
limited their application in high seismicity areas. Combination of the precast construction with the post-tensioning
contact on segment joints, may result in expecting a defeated behavior of superstructure due to earthquake excitation.
This may happen especially in case of vertical components, which may harm the joints operation in the presence of
long-term loads. This issue is very probable in non-continuous post-tensioned bridges. The present paper aims to
investigate the effects of vertical earthquake on bridge superstructure in near-fault regions by studying a sample
model and obtaining structural response including joints response and their openings, force-displacement response of
the system, stress and strain in concrete and cables, and their level of nonlinearity.
The research shows that segment joints can undergo very large rotations that open up gaps in the superstructure;
Whereas, primary seismic concerns - regarding segmental construction - focus on the behavior of the joints between
segments, and no mild reinforcement crosses trough them. The lack of reinforcement across segment joints may
result in an increased rate of construction. Yet, it creates inherent regions of weakness that are susceptible to facing
crack initiation and large localized rotations. At the first step of numerical modeling, specimens studied by Megally
et al. [1-3] were modeled in OpenSees VV2.4.4. The specimens discussed the regions with high moment and low
shear (i.e. near mid-span).Using detailed 2D nonlinear time history analysis under a suite of ten near-field earthquake
records, the effects of vertical motion on the joint response are quantifies. The prototype bridge structure - selected
for this study- is a single-cell box girder bridge with a 50m span, consisted of sixteen 3-meters-long segments with
non-bonded tendons constructed trough a span-by-span construction method. Segments of the superstructure are
modelled using linear elastic frame type members, except for a region at the end of each segment which is
discretized into several axial non-linear zero length springs. The springs are connected to the ends of the
superstructure beam elements through rigid body links. Results indicate that vertical components of earthquake can
affect the response of these bridges, and segment-to-segment joints opening is very probable particularly at the mid-
span joints. Thus, superstructure may collapse under upward acceleration component due to the presence of the
greater part of concrete on top flange and lack of tensile material on top of joints, or even the occurrence of sliding in
elastomer caused by the decrease in effective weight. The joint compressive strain remains below the concrete
spalling limit state, minimizing the damage and stiffness reduction of the superstructure. The cables remain in the
elastic range and all joints are closed after the earthquake, even in high seismic intensity levels, and the residual
vertical displacements are negligible.
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