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Abstract:

Introduction/purpose: This study investigates the seismic response of long-
span continuous deck truss bridges under the effect of near-fault vertical
ground motions. The primary objective is to assess how near-fault vertical
seismic excitation affects the structural safety and performance of these
bridges.
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By exploring the nuanced dynamics induced by near-fault vertical motions,
the research aims to improve the understanding of the vulnerabilities and
challenges faced by long-span continuous deck truss bridges during
seismic events.

Methods: To achieve this objective, the truss bridge was subjected to a
series of ground motions, representing natural seismic events. The seismic
response of the bridge was investigated by applying the linear time history
method to the 3D finite element model. This analysis focused specifically
on the evaluation of base shear and displacement. The analysis was
extended to include the seismic performance of truss structures. The
comparison between the bridge responses with and without consideration
of the vertical component of ground motion was made to clarify the effect of
vertical excitation.

Results: The results show that there is a significant contribution of vertical
excitation, particularly concerning the internal force in the truss elements,
where it exceeded 60 % during a severe earthquake, and consequently
increased the demand-to-capacity ratio in most elements of the truss bridge
structure.

Conclusion: For structural engineers and designers, the results of this
research suggest that neglecting to include the vertical ground motion
component in the analytical assessments of this type of bridges can lead to
a greater degree of uncertainty and risk, particularly in near-fault regions.

Key words: deck-truss bridge, vertical displacement, seismic
performance, axial force, V/H ratio, D/C ratio.

Introduction

Truss bridges are ubiquitous in modern infrastructure, owing to their
efficient use of materials and structural stability. However, the seismic
response of long-span truss bridges to near-fault vertical ground motions
poses an important research gap, as it can profoundly impact bridge safety
and serviceability after seismic events. It is known that the vertical
component of ground motion weakens faster than its horizontal
counterparts, especially for bridges located in moderate to high seismic
zones and in close proximity to active faults (less than 25 km). The vertical
component of ground motion is often more significant and can cause
damage alongside the horizontal components, by amplifying the demand
on some of the bridge's structural elements, which could damage the entire
bridge. The vertical acceleration depends on the earthquake magnitude,
soil conditions, and the site-epicenter distance (Bhanu et al, 2018; Nouri
et al, 2020). The incorporation of vertical excitation in seismic bridge
design has been extensively studied. Research has shown that vertical




earthquake loads impose excessive axial demands on reinforced concrete
bridge columns (Saadeghvaziri & Foutch, 1988; Papazoglou & Elnashai,
1996; Elnashai & Papazoglou, 1997; Collier & Elnashai, 2001; Kunnath et
al, 2008; Pollino & Bruneau, 2010; Kim et al, 2011a, 2011b; Di Sarno et al,
2011; Matsuzaki et al, 2012; Wilson et al, 2015; Li et al, 2017; Guo et al,
2023). Other works found that vertical excitation amplifies bending in
bridge components, potentially causing structural failure. Veletzos et al.
(2006) examined bridge segment joints subjected to concurrent vertical
and horizontal seismic motions. The authors observed that vertical
excitation amplified positive bending rotations by 400% and negative
rotations by 90%. Recent numerical studies indicated that increased
vertical acceleration heightens damage across bridge components (Li &
Yao, 2020; Aryan & Ghassemieh, 2020). Predicting vertical earthquake
intensity using the vertical-to-horizontal (V/H) acceleration ratio has been
studied extensively. Though a V/H ratio of 2/3 was initially proposed,
values exceeding 1.0 have been recorded in several major earthquakes
(Newmark et al, 1973; Newmark & Hall, 1982). High V/H ratios above 1.5
have also occurred in near-fault zones (Bozorgnia et al, 1995; Papazoglou
& Elnashai, 1996; Ambraseys & Douglas, 2003; Campbell, 2004).

As span length increases, truss bridges become more flexible and
prone to vertical vibrations. Such vibrations can adversely affect stability
and strength, consequently altering a seismic response (Saadeghvaziri &
Foutch, 1988). Although prior research has focused predominantly on the
effects of vertical excitation on bridge piers, such excitation may also
detrimentally impact bridge decks, especially those incorporating truss
girders. Further research is needed on the complex interplay between
vertical excitations and the nonlinear response of long-span truss bridges.

To address this gap, the current study utilizes analytical simulation to
examine the seismic response of long-span truss bridges subjected to
near-fault vertical ground motions, considering the influence of vertical-to-
horizontal (V/H) acceleration ratios.

Using SAP 2000 software, spatial finite element models were
generated for a 165-meter truss bridge. Time history analyses were
conducted to evaluate the bridge behavior under vertical earthquake
loads. A seismic response was assessed via bridge displacements, base
shear, and axial forces. Additionally, the effects of varying V/H ratios on
seismic performance were investigated through demand/capacity (D/C)
ratios. Findings may hold important implications for seismic design
modifications and retrofitting to enhance the earthquake resilience of long-
span truss bridges.
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Materials and methods

Description of the bridge

The bridge under consideration in this study features a continuous
165 m long x 9.75 m wide steel truss deck with an upper slab that includes
a center 90 m span flanked by two 37.5 m and 17.5 m side spans (Figure
1). Two longitudinal truss girders support the 200 mm thick reinforced
concrete deck, with HEB300 sections serving as intermediate stiffeners
and HE450B sections serving as outer girders. Transverse floor beams
are joined to longitudinal deck beams at 3.75 m intervals by two 150 x 100
x 12 mm angle sections and bear on 120 x 80 x 12 mm angle seats.

Y

(a) Top vew

(b) Side vew

Figure 1 — Truss bridge geometry: (a) Top view; (b) Side view

Analytical model of the truss bridge

To undertake a seismic study of the 165-meter-long truss bridge, a
three-dimensional finite element model was created using Sap 2000. To
effectively reflect structural behavior, the three-span deck truss was
modeled utilizing truss components with hinged joints. Bridge bearings
were modeled as one fixed and three moveable transversely fixed
supports (Figure 2). There were 1670 nodes and 2180 elements in the
finite element model. For all seismic events investigated, the
accelerograms from earthquake recordings were input at the base in both
horizontal directions, with the vertical component also added in the second
phase. The model utilized the measured material properties for the bridge
components (Table 1). This advanced numerical simulation enables an in-
depth evaluation of the seismic response of long-span truss bridges to
multi-axial earthquake excitations.




Figure 2 — Finite element model of the truss bridge

Table 1 — Mechanical properties of the materials

Material Concrete | Steel
Young’s modulus/MPa 34500 210000
Poisson ratio 0.2 0.3
Yielding strength/MPa / 345
Compression strength/MPa | 28 /

Parameters and options considered in the seismic
analysis

Input ground motions

Five significant near-fault earthquake records with magnitudes
ranging from 6.8 to 7.3 were used to assess the effects of vertical
stimulation on the bridge seismic response. The accelerations were
measured in three directions (horizontal, transverse, and vertical). The
records were chosen based on the comparable horizontal peak ground
acceleration (PGA) values (Table 2), although the vertical PGA ranged
from 0.24g to 1.34g. The vertical-to-horizontal (V/H) acceleration ratios
ranged from 0.39 to 1.89 as a result. All data were obtained within 2 to15
kilometers of a fault.

Figure 3 shows the three-component accelerograms for the
earthquake in Gazli, Uzbekistan. This collection of the near-fault
movements allowed for the systematic evaluation of vertical shaking
effects at different but realistic V/H ratios.
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Table 2 — Earthquakes used in the time history analysis (PEER ground motion database,

2024)
No | Seismic event Mw | Station PGA- PGA- PGA- V/H
Long (9) Tran (g) Ver (g)

1 Gazli, Uzbekistan | 6.8 | Karakyr 0.71 0.63 1.34 1.89
(1976)

2 Loma-Prieta, 6.9 | LGPC 0.56 0.61 0.89 1.47
USA (1989)

3 Landers, USA 7.3 | Lucerne 0.72 0.79 0.82 1.04
(1992) valley

4 Kobe, Japan 6.9 | Nishi- 0.51 0.50 0.37 0.73
(1995) Akashi

5 Kobe, Japan 6.9 | JR 0.61 0.61 0.24 0.39
(1995) Takatori
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Figure 3 — Ground time-histories of the Gazli (Uzbekistan) earthquake in three directions




Modal analysis

A modal analysis was conducted to determine the dynamic properties
of the bridge, which depend on structural mass and stiffness. The results
can be utilized to calibrate the finite element model and evaluate structural
damage. In this study, a modal analysis of the truss bridge was performed
prior to a time history analysis to obtain fundamental vibration modes and
frequencies. These dynamic characteristics provide insights into the
bridge's seismic response and validate the numerical model's ability to
realistically simulate dynamic behavior. The first six modal shapes and
periods obtained from the analysis are presented. The comparison of the
analytical and experimental modal properties enables model calibration
and confirmation that the model accurately represents the inertia and
flexibility of the actual bridge. This modal analysis provides the basis for
the in-depth time history seismic evaluations described in the subsequent
sections.

Time history analysis by direct integration

Time-history analysis is a common technique for evaluating bridge
seismic performance, as implemented in several prior studies, e.g.
(Behnamfar & Velni, 2019, An & Lee, 2022). So, a linear time-history
analysis can provide useful insights into fragility across damage levels and
near-source seismic response (De Luca & Lombardi, 2017). In the current
study, three-component earthquake ground motions obtained from the
PEER database were input in the (x, y, and z) directions to the structural
model (Figure 1). The seismic response history was computed using direct
integration with Rayleigh proportional viscous damping, assigning the
structure 5% critical damping ratio for the first two vibration modes. The
average acceleration Newmark method was utilized for the dynamic time
integration. The details of the time history analysis factors and settings are
provided in Table 3. This rigorous numerical simulation method enables
an in-depth evaluation of the truss bridge response under multidirectional
seismic excitations.

Table 3 — Parameters input in the time-history analysis

Mass Stiff Frequency | Damping1 | Frequency | Damping2 |y B

Coeff Coeff

1/Sec Sec Cyc/sec Unitless Cyclsec Unitless Unitless | Unitless
1.122 0.0022 | 3.25 0.05 3.68 0.05 0.5 0.25
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Analysis and discussion of the results

Natural vibration results

A modal analysis was first conducted to characterize the bridge's
dynamic properties which are critical in determining a structural vibration
response (Li et al, 2014; Fouché et al, 2017; Xin et al, 2019). The
eigenvector method identified the natural frequencies and mode shapes.

Four primary mode types were observed (Figure 4): longitudinal,
transverse, vertical bending, and torsional. The fundamental frequency
was a longitudinal oscillation at 0.32 sec. The second mode was
transverse at 0.24 sec, and the first vertical bending mode occurred at 0.22
sec. The torsional response did not appear until the fourth mode at 0.20
sec.

Nineteen natural modes were computed, accounting for over 90%
mass participation in the longitudinal, transverse, and vertical directions.
This meets recommended design code requirements, e.g. (Ministére des
Travaux Publics Algérie, 2008; European Standard, 2011; AASHTO,
2017). The modal analysis provided essential insights into the bridge's
dynamic characteristics governing its seismic response.

(c) Vertical : f=4.21 Hz (d) Torsional : f=4.63 Hz

Figure 4 — The four first analytical mode shapes: (a) Longitudinal: f= 3.25 Hz, (b)
Tranverse: f = 3.68 Hz, (c) Vertical: f = 4.21 Hz, (d) Torsional: f = 4.63 Hz.




Time history results

The two horizontal components of the earthquake were the primary
focus of this study's first phase, and the vertical component which is
integrated with the two horizontal components was considered in the
second phase. Equation (1) was utilized to determine the proposed
earthquake amplification ratio (RHV) which was used to assess the
contribution of the vertical component of ground motion to the bridge
reaction. By incrementally introducing the vertical acceleration in the time
history analysis, its specific impact on bridge seismic demands could be
isolated and quantified through RHV (1).

RHV = RSP(DL + H + V) 0
" RSP(DL+H)

RHV: The ratio of the bridge response due to combined dead load
and earthquake loading with and without the vertical ground motion
components.

RSP(DL+H): Response resulting from the two horizontal ground
motion components and dead loads.

RSP (DL + H + V): The response resulting from the three components
of ground motion and dead loads.

Effect of vertical seismic excitation

A linear time-history analysis was performed on the truss bridge
model using five near-fault earthquake records with three-directional
components to evaluate the influence of vertical ground motion. The key
response parameters examined were:

Vertical displacement

The peak vertical displacement at numerous nodes along the deck
truss top chord was examined to quantify the role of vertical excitation to
bridge deformation. There were three load situations studied: dead load
only (DL), dead load plus horizontal motions (DL+H), and dead load plus
horizontal and vertical motions (DL+H+V). Figure 5 depicts the peak drift
profile along the top chord for the three load situations during the Karakyr
earthquake. In all cases, the deck displayed a symmetric parabolic
displacement form, with the greatest displacement at the midspan. Figure
6 depicts the temporal history of the Nishi-Akashi event's midspan
displacement, demonstrating amplification after integrating vertical

acceleration.
1897
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Figure 5 — Vertical deck truss deformations due to the Karakyr seismic event and the
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Figure 6 — Mid-span deck vertical displacement history for the Nishi-Akashi ground
motion




Figure 7 compares the midspan vertical displacement for the Gazli

and J-R Takatori events.

Table 4 summarizes the peak midspan displacements across the five
earthquakes for each load case. With only dead load (DL), the
displacement was 19 mm. Adding horizontal excitation (DL+H) increased
this moderately to 23-29 mm. Incorporating vertical acceleration (DL+H+V)
substantially amplified displacements by 57-66%.

Table 4 — Peak displacement at the middle point of the main span of the deck truss under

tow load cases

Seismic events Load cases U1 (mm) U2 (mm) U3 (mm)
DL+H 13.35 21.33 27.22
Karakyr DL+H+V 11.54 21.33 42.80
RHV 0.86 1.00 1.57
DL+H 15.03 14.85 29.10
LGPC DL+H+V 15.97 14.84 34.26
RHV 1.06 1.00 1.18
DL+H 7.02 21.31 23.23
Lucerne valley DL+H+V 9.22 21.30 38.49
RHV 1.31 1.00 1.66
DL+H 12.18 8.65 25.40
Nishi-Akashi DL+H+V 13.37 8.64 31.56
RHV 1.10 1.00 1.24
DL+H 13.88 25.31 27.84
J R Takatori DL+H+V 13.67 25.32 29.86
RHV 0.98 1.00 1.07

The vertical motion caused the highest displacement amplification for
the Karakyr event (RHV = 1.57). The lowest amplification occurred for the
J-R Takatori (RHV = 1.07). In most cases, RHV increased proportionally

with the V/H ratio (Figure 8).
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Horizontal displacement

Table 4 shows that the DL condition did not result in any displacement
in the horizontal direction. In contrast, Case 2, which involved the
introduction of both horizontal components, showed an increase in
displacements in the longitudinal direction that were almost identical in
magnitude. Nevertheless, the longitudinal displacement estimates for each
of the five earthquakes changed dramatically when the vertical component
of ground motion was included, where it also somewhat decreased for
certain ground motions, like in the case of the Karakyr ground motion, but
it grew greatly for some other ground motions (e.g. the Lucerne valley).

This demonstrates that the vertical component can substantially
influence the bridge response in the longitudinal direction. However, its
effect on transverse displacement was negligible. Compared to dead load
alone, horizontal excitation notably increased vertical displacement by up
to 53%, likely due to the large span and light weight of this truss bridge
type. Overall, the analyses highlighted the potential for vertical ground
motion to alter longitudinal seismic demands on long-span truss bridges.
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The time-history analysis results demonstrate the vertical ground
motion component considerably influences vertical deformation of the
bridge deck at the mid-span. However, horizontal deck displacement was
less susceptible to vertical excitation, aligning with the past findings by
Shrestha (Shrestha, 2015) for a long-span cable-stayed bridge.

Notably, the contribution of vertical motion to vertical displacement
does not necessarily correlate directly with the peak ground acceleration
ratio (V/H). This contribution can also depend on soil conditions, ground
motion characteristics (Tonyali et al, 2019), the closest distance to the fault
(Button et al, 2002), and earthquake duration.
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Figure 9 — Base shear force history during the JR Takatori seismic events
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Figure 10 — Base shear force history during the Karakyr seismic events.

Base shear

Figures 9 and 10 present the examples of the base shear force time
histories with and without vertical motion for the JR Takatori and Karakyr
events, in longitudinal (V) and transverse (Vy) directions. The deck
response appears identical for both load cases over the vibration duration.
Table 5 compares the base shear amplification ratios (RHV) and the
amplification percent (Amp %) with and without vertical excitation for the
five earthquakes. The results show the vertical component has a negligible
effect, increasing base shear by no more than 2% and 0% in some cases.
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This demonstrates the vertical ground motion does not meaningfully
contribute to base shear force in the deck truss bridge.

Table 5 — Amplification ratio with and without the vertical ground motion of the base shear

force

Base shear
Ground motion | VIH | vx Vy

RHV Amp % RHV Amp %
Karakyr 1.89 | 1.00 0% 1.01 1%
LGPC 1.47 | 1.00 0% 1.00 0%
Lucerne valley | 1.04 | 1.00 0% 1.00 0%
Nishi-Akashi 0.73 | 1.02 2% 1.02 2%
J R Takatori 0.39 | 1.00 0% 1.00 0%

Structure performance

Axial frame force

Figures 11-14 compare the axial force time histories with and without
vertical motion for four critical members on the intermediate pier under the
Lander seismic events. Including vertical acceleration dramatically
increased axial forces, exceeding 64% in diagonal members. Table 6
summarizes the axial force amplification from the vertical component for
the members on the intermediate support across the five earthquakes. The
signs (-) and (+) represent the compression and tension in an element,
respectively. The results show that the effect was independent of the V/H
ratio and most significant in vertical and diagonal members versus top and
bottom chords. The table indicates that the effect of the vertical ground
motion component was independent of the V/H ratio.

Table 6 — Amplification ratio (RHV) for internal axial force of the members situated on the
intermediate support

Element Column Brace Bottom chord Top chord
() (+) ) )

Ground V/H RHV | Amp | RHV | Amp RHV | Amp % RHV | Amp

motion % % %

Karakyr 1.89 | 1.33 | 33% | 1.44 | 44% 1.61 | 61% 0.94 | -6%

LGPC 147 | 1.10 | 10% | 1.20 | 20% 1.31 | 31% 1.05 | 5%

Lucerne 1.04 | 1.18 | 18% | 1.64 | 64% 1.64 | 64% 1.01 | 1%

valley

Nishi-Akashi | 0.73 | 1.09 | 9% 1.19 | 19% 117 | 17% 1.08 | 8%

JR Takatori | 0.39 | 1.03 | 3% 1.10 | 10% 1.12 | 12% 1.02 | 2%
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The time history analysis performed on the truss bridge using five
natural recordings of earthquakes with different V/H ratios revealed that
the vertical component contributed significantly to the internal axial force;
however, its effect was greatest in the vertical and diagonal brace
members and least in the upper and lower chord members. It should be
noted that the contribution of the vertical ground motion component to
vertical displacement does not necessarily change proportionally to the
change in the ratio of the PGA value (V/H), which is due to variations in
seismic and soil characteristics and could be the closest distance to the
fault.

Demand to capacity ratio

Seismic evaluation in terms of the demand-to-capacity (D/C) ratio is
a standard approach used in structural engineering to analyze a building's
or structure's seismic performance. The (D/C) ratio is computed by dividing
an element's capacity to withstand seismic forces by the demand for
seismic forces predicted during an earthquake. The (D/C) ratio is a
valuable measure of a structure's capacity to withstand seismic force.

A (D/C) ratio more than once has shown that the element's ability to
resist seismic pressures is greater than the demand it is anticipated to face
during an earthquake, which is a desired outcome. A (D/C) ratio less than
one indicates that the structure's capacity may be insufficient to resist the
expected seismic forces, and further strengthening may be necessary.




Table 7 — Amplification ratio (RHV) for the maximal demand of the members situated on
the intermediate support

Element | Ground Karakyr | LGPC Lucerne Nishi- JR
motion valley Akashi Takatori
V/H 1.89 1.47 1.04 0.73 0.39
Column Ratio 1.29 1.09 1.24 1.09 1.02
Amp % 29% 9% 24% 9% 2%
Brace Ratio 1.48 1.27 1.61 1.22 1.07
Amp % 48% 27% 61% 22% 7%
Bottom Ratio 1.42 1.2 1.4 1.14 1.08
chord P mp % | 42% 20% 40% 14% 8%
Top Ratio 1.27 1.22 1.41 1.19 1.05
chord
Amp % 27% 22% 41% 19% 5%

The seismic performance was evaluated through the demand-to-
capacity (D/C) ratios by comparing the member seismic demand to
capacity. Table 7 presents the D/C ratio amplification (RHV) for the four
most affected members on the intermediate support. The D/C ratios
differed substantially between the load cases with and without vertical
excitation. For example, the D/C ratio for the vertical member at Pier C
increased from 0.78 (DL+H) to 0.89 (DL+H+V) under the Lucern event, an
amplification of 24%. For the Karakaty, it increased from 0.77 to 0.99, with
an amplification of 29%.

In summary, the vertical component significantly impacted the truss
member seismic performance, especially for the members near the
supports. This highlights the importance of incorporating vertical excitation
in analysis models to accurately evaluate seismic responses.

Conclusions

The effects of vertical ground motion on the seismic response of a
long-span truss bridge under near-fault excitations were evaluated using
numerical simulation in this study. The time history analysis revealed the
following major trends in the dynamic response:

e Vertical acceleration primarily affects vertical deck
displacement, with a lesser but still significant impact on
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longitudinal deformation. However, the lateral response is
minimally influenced.

¢ Inclusion of the vertical component does not alter base shear
forces.

e Axial forces in truss members, especially near supports, are
substantially amplified by the vertical motion.

e Vertical excitation heightens member demand beyond capacity
limits in some cases.

e Applying the vertical component markedly increases vertical
deformation and demand-to-capacity ratios compared to
horizontal excitation alone.

e The three-directional analysis provides a greater insight into
seismic behavior than the one with one or two components.

e Maximum vertical acceleration does not necessarily govern
response amplification.

e Vertical effects are more pronounced for V/H ratios exceeding
1.0 versus the 2/3 ratio in codes.

The results demonstrate that vertical excitation significantly impacts
deck trusses, not just bridge piers. Considering all three ground motion
components is critical for accurate seismic evaluation of near-fault truss
bridges. These findings can guide engineers toward improved design and
assessment of truss bridges in seismic regions.

Additional research on different truss arrangements could lead to
more thorough findings about their seismic performance under vertical
excitation.
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Resumen:

Introduccion/objetivo: Este estudio investiga la respuesta sismica de
puentes de celosia de cubierta continua de largo alcances bajo el efecto de
movimientos verticales del terreno cercanos a la falla. El objetivo principal
es evaluar cémo la excitacion sismica vertical cercana a la falla afecta la
seguridad estructural y el desemperio de estos puentes. Al explorar la
dinamica matizada inducida por los movimientos verticales cercanos a la
falla, la investigacion tiene como objetivo mejorar la comprension de las
vulnerabilidades y los desafios que enfrentan los puentes de celosia de
cubierta continua de largo alcance durante eventos sismicos.

Meétodos: Para lograr este objetivo, el puente de celosia fue sometido a una
serie de movimientos del suelo, que representan eventos sismicos
naturales. La respuesta sismica del puente se investigd aplicando el
meétodo de historia del tiempo lineal al modelo de elementos finitos 3D. Este
analisis se centr6 especificamente en la evaluacion del corte y
desplazamiento de la base. El analisis se ampli6 para incluir el
comportamiento sismico de las estructuras de celosia. La comparacion
entre las respuestas del puente con y sin consideracion del componente
vertical del movimiento del suelo se realizé para aclarar el efecto de la
excitacion vertical.

Resultados: Los resultados muestran que existe una contribucion
significativa de la excitacion vertical, particularmente en lo que respecta a
la fuerza interna en los elementos de la armadura, donde superé6 el 60 %
durante un terremoto severo, y en consecuencia aumenté la relacion
demanda-capacidad en la mayoria de los elementos de la estructura del
puente de celosia.

Conclusion: Para los ingenieros y disefiadores estructurales, los resultados
de esta investigacion sugieren que no incluir el componente de movimiento




vertical del suelo en las evaluaciones analiticas de este tipo de puentes
puede generar un mayor grado de incertidumbre y riesgo, particularmente
en regiones cercanas a la falla.

Palabras claves: puente tablero-armazoén, desplazamiento vertical,
comportamiento sismico, fuerza axil, relacion V/H, relacion D/C.
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MOCTOB
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PYBEPUKA TPHTW: 67.21.00 HXeHepHble U3bICKaHWs B CTPOUTENBCTBE
BWL CTATbW: opurmHanbHasa Hay4YHas ctaTbs

Pesrome:

BesedeHue/uenb: B daHHOM uccriedosaHuu u3ydaemcsi celicMuyeckas
peakyusi 60sbWenponemHbiX Hepa3pe3HbiX (hepMEeHHbIX MOCMO8 Ha
go3delicmeue eepmuKarbHbIX M008UXEK 2pyHma 6bsusu pasnoma.
OcHosHasi uenb cmambU 3aK/4Yaemcsi 8 OUEeHKe mo20, Kak
gepmukarsibHoe celicMuyeckoe 8030yx0eHue 8bnusu passioma enusem
Ha be3onacHocmb KOHCMpyKyuu u 3KCrlyamayUoHHbIe
Xapakmepucmuku amux Mmocmos. Wccrnedys MmOHKYyr OUHaMUKY,
8bI38aHHYO  8EPMUKallbHbIMU  CMeUWeHUsMU  8bnu3u  pasfioma,
rnosienisemcs fiyduiee NnoHuUMaHue yssgumocmel 60/bwenponemHbix
Hepa3spesHbIX hepMeHHbIX MOCIMO8 80 8peMsi celicMuYecKux cobbimudl.

Memodbr: [na OdocmuxeHuss amol uenu HEPMEHHbIU Mocm
rnodeepzasnica cepuu KonebaHul epyHma, npedcmasnsrouux
ecmecmeeHHble celicMuyeckue sierieHusi. CelicMudecKkasi peakyusi
mocma 6binia uccriedogaHa ¢ MOMOWbK Memoda JIUHelUHO20 meYyeHUst
8PEMEHU C UCrMO0/1b308aHUEM MPEXMEPHOLU KOHEYHO-3/1eMeHMHOU
modernu. dmom aHasu3 bl cocpedomoYeH, 8 YaCMHOCMU, Ha OUEHKe
cosueza U cMeweHUs1 OCHogaHuUs. AHanu3 6blnl paclwupeH, y4umbieas
celicMu4ecKkue  xapakmepucmuKku  epMeHHbIX  KOHCMpPYKUUU.
CpasHeHue omkriukoe Mocma ¢ yyemom u 6e3 yyema eepmukarbHoU
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cocmaensowell 0suxeHusi 2pyHma 6bi1o nposedeHo 8 uensx
8bISICHEHUS 8ITUSIHUS 8epMUKalibHO20 8030YXOeHUS.

Pesynsmamel: Pe3yrnsmamsi uccriedogaHusi rnokasasnu 3Ha4umesibHoe
8/IUSIHUE 8epMmuKarnbHO20 8036yX0eHuUs, 0COBEHHO 8 OMHOWEHUU
8HYMPEHHEe20 ycurnus 8 aieMeHmax ¢hepmabi, 20e oHo ripeabiano 60%
80 8pEMS CUMIbHO20 3eMiIempsiceHusi U, criedoeamersibHO, yeesuqusio
COOMHOWEeHUEe Hagpy3Ku U rporlyckHol criocobHocmu 8 6onbwuHcmee
371eMEeHMOo8 KOHCMPYKUUU Mocma.

Bbi800: Ha ocHogaHuu pe3yribmarmog 0aHHo20 uccriedoeaHusi UHXeHephb -
cmpoumenu U rpoekmuposwuKku OomkHbl yb6edumbscsi 8 mom, 4mo
U2HopupoBaHUe 8epMUKasibHO20 O8LXKEHUS 2pyHMa rpu aHanumu4ecKux
oueHKkax mocmos nodobHo20 murna Moxem rpueecmu K bornbuwel
cmeneHu HeorpedesleHHOCMU U pucka, 0CObeHHO 861U3U Pa3ioMos.

Knoyesble crnoea: nanybHO-bepMeHHbIl MOcm, 8epmukalsibHoe
CcMeweHue, celicMUYecKue xapakKmepucmuKku, ocegoe ycuriue,
COOMHOWEHUE 8epmuKasibHO20 U 20pU30HMaslbHO20 YCKOPeHUU,
coomHoweHue mpebosaHull U 803MOXXHOCMEU.

YTuuaj BEpTUKanHOr CEM3MUYKOT KpeTara y 6nusvHmn paceaa Ha
OAroBOP rpPeAHMX KOHTMHYaNHNX MOCTOBA peLleTkacTe KOHCTPYKLMje 1
Beher pacnoHa
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KATETOPWUJA (TUIM) UNAHKA: opyriHantm Hay4YHu pag
Caxemak:

Yeod/uurs: Y 08oj cmyduju ucnumyje ce ceu3mMuyku 002080p 2pedHUX
KOHMUHYyasiHUX Mocmoea pewemkacme KoHcmpykuuje u eehee pacroHa
Ha eepmukariHa nomeparsa mina y bnusurHu paceda. OCHOBHU Uurb jecme
0a ce nPoyeHU KaKo 8epmukariHo rnomeparse mrna ycrned semrnompeca y
6nusuHu paceda ymude Ha cugypHocm KOHCMpyKuuje u repghopmaHce
08UX MOCIMO8a.




Ucmpaxusame maHaHe OuHaMuke rpOy3pPOKO8aHe 8epmuKaiHUM
rnomeparbem miia y briusuHu paceda uma 3a Yusrb 0a Npowupu ca3Harba o
cnabocmuma  2pelHUX  KOHMUHyarHux Mocmoea  pewemkacme
KOHCMpyKUuje U 8erlukoe pacrioHa U ykasyje Ha U3a3o0ee Kojuma cy
U3rI0XeHU MOKOM ceusmuyKkux doeahaja.

Memode: Y my cepxy, pewemkacmu Mocm 1o08peHym je cepuju
romeparba mna, wmo je npedcmaessbasio npupodHe ceudmuske doeahaje.
Ceusmuyku 002080p MOCma ucrnumueaH je rpUMEHOM Memoode
JIUHeapHoz2 Mpomoka epemeHa Ha mpoOUMEH3UOHaNHU MOOesT KOHauyHUX
enemeHama. Oea aHanusa ce ¢boKycupa Hapo4yumo Ha CMuuyar-e U
rnomepare base, anu je u fNpowupeHa Kako bu ykrbydura ceusmuyke
repghopmaHce pewemkacmux KOHcmpykuuja mocmosa. O02080p Mocma
ca ysumarem y 0063Up eepmukasiHe KOMIMOHEeHme romMepara mia
yriopeheH je ca 002o8opom be3 y3umarsa y 063up dame KOMIOHEHIME KaKo
bu ce pasjacHuUO ymuuaj eepmukasHe ekcumauuje.

Pesynmamu: Pe3ynmamu noka3yjy 0a nocmoju 3HadvajaH OOrpuHOC
8epmukarnHe ekcumauuje, Hapo4umo Kada je ped 0 yHympalur0j cunu y
pewemkacmum enemeHmuma, 20e oHa npena3u 60% mMoKoM jakux
3emrbompeca U uma 3a nocneduuy nosehawe 00Hoca 3axmesa U
Kanayumema y eehuHu enemeHama pewemkacme KOHCmpyKyuje mocma.

Bakrbyyak: Pe3ynmamu 08oe ucmpaxkuear-a rokasyjy 0a 3aHemapusar-e
YKIby4yuearba KOMIOHEHME 8epmuKariHoe roMeparba mina y aHaaumuyke
npoyeHe oee 8pcme mocma Mmoxe Oa Oosede 0o eehez cmeneHa
HeussecHOCmU U pu3suka, Hapo4umo y rnodpyyjuma ca paceduma.

KbyyHe  peuyu: e2pedHU Mocm — pewemkacme  KOHCMpyKuuje,
8epmuka’siHO romMepare, ceuaMmuyke rnepghopmaHce, akcujarnHa cuna,
00HOC 8epmuKasiHog U Xopu3oHmarsHoe ybp3ara, 0OHOC 3axmesa U
Kanayumema.
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