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ABSTRACTS: This paper describes investigation about hysteretic restoring force characteristics of reinforced concrete
members. Nonlinear finite element analyses were conducted to three static loading test specimens. One of them was a
normal reinforced concrete specimen, while in the other two specimens, post-installed adhesive anchors were used for
main bar anchorages. The difference between the two was the embedment length for main bars. Three specimens had
almost same load capacity. Though, the energy dissipation characteristics were different for each other. The specimen
which had shorter length of anchorage had the lowest capacity in energy dissipation. The analytical results corresponded
well to the static loading test results, regarding not only shear capacity but also hysteretic characteristics.
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1. INTRODUCTION

In order to use existing stocks of buildings
valuably, there are cases where new members are
joined to existing building members in retrofitting or
changing of use for them. In this case for reinforced
concrete, continuity of reinforcing bars from existing
members to new ones will be important, and post-
installed adhesive anchor is one of the very useful
methods for anchorage of reinforcement.

On the other hand, main bar anchorage could
affect to stiffness or hysteretic behavior of reinforced
concrete members. Unexpected slippage of main bars
from concrete could cause additional deflection or
The

reduce their energy dissipation capacities.
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capacity of main bar anchorage is related to bond
stress-slip characteristics between main bars and
concrete, and bond stress-slip relations is related to
the embedment length and bond strength of main bars.

This paper describes an investigation of hysteretic
restoring force characteristics for reinforced concrete
wall column specimens, especially focusing on bond
characteristics of main bar anchorages. Static loading
tests of three specimens were conducted [1], and
nonlinear finite element analysis were carried out for
the specimens [2]. Variables of the specimens were
properties of main bar anchorage, and post-installed
adhesive anchors were adopted to two of the
specimens. The main objective in this paper is to
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Figure 2. Construction Process of Post-installed Anchor
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investigate effect of bond behavior of post-installed
adhesive anchors on restoring force characteristics.
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2. OUTLINE OF STATIC LOADING TESTS

2.1. Post-installed adhesive anchors

Post-installed adhesive anchors were developed as
one of connecting devices between additional
members and existing frames in retrofitting method
for reinforced concrete structures. When a new shear
wall was installed into an existing frame, new
reinforcing bars in the wall must be anchored into the
existing frame. On the other hand, in cases where the
use of a building was altered and a door opening
would be made into an existing wall, additional
reinforcing bars must be placed near the new opening,
as shown in Figure 1. The post-installed adhesive
anchors were used for anchorages of main bars in
these cases. Figure 2 shows construction process of
post-installed adhesive anchors. Epoxy resin was used
for grouting material in this research.

Table 1. Test Specimens

WS485 | WA485 |WA265
BXD [mmXmm] 180700
Main Bar 4-D16+4-D10
Stirrup 2-D10@350
Embedment Length of
D16 [mm] 265
(ratio of length to 485 (30.3d,) (16.6d,)
diameter:d})
Post-installed Adhesive - O O
Anchors

Table 2. Material Properties

(a) Reinforcement

ot Es oy

D10 362 1.87x10° 526

D16 372 1.93x10° 561
(b) Concrete

O3 Ec or

Average | 26.6 | 2.38x10° 2.31

0,, 0, yield and ultimate strength of rebar
op, or: compressive and tensile strength of concrete
Ec, Es: Young’s modulus of concrete and rebar

Unit [N/mm?]
2.2. Outline of the specimens

To investigate anchor capacity and bond behavior
of reinforcing bars anchored into basement shown in
Fig. 1, three specimens were tested. Figure 3 shows
test setup and Figure 4 shows dimensions and
reinforcement of test specimens. Properties of test
specimens and material properties are listed in Table 1
and 2, respectively. One of them, WS485, was
standard reinforced concrete specimen, while in the
other specimens, post-installed adhesive anchors were
used for main bar anchorages. The difference between
these two specimens was the embedment length of
main bars. One of them, the specimen named as
WA485 had the same length as the RC specimen
WS485. The other post-installed adhesive anchor
specimen, named as WA265 had shorter length of
anchorage than the other two specimens.

The required embedment length of main bars for
specimen WA265 was calculated by equation (1)
based on AlJ] Recommendations[3].

Ie > Qda + Aot-Cu . (1)
@;.7,.7.d,
Where, l.: embedment length [mm], da, as

diameter and cross sectional area [mm], [mm?], o
tensile strength of anchor [N/mm®], ¢3: reduction
factor (= 2/3), Ta: bond strength (=11.5 N/mm?).
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Figure 6. Analytical Models of Specimens

Based on AIJ Recommendations [3], the bond
strength T, was reduced from basic strength Taavg in
consideration of spacing between anchors and
distance from edge. The basic strength Tiavg was
assumed to be 20.0 N/mm’ in this research with
reference to the elemental test results shown in
Figure 5. Fig. 5 shows the pullout test of post-
installed adhesive anchor. The pull-out test was
conducted based on previous researches on the
testing method for anchors[4], and element test
specimens were made of the same materials as static
loading test specimens.

Cone type failure strength was calculated by
equation (2) based on Guidelines[5]. Margins of the
strength against main bar yielding were 2.06 and 1.10
for specimens WA485 and WA265, respectively.

T,,=0,23\Jc, A, @)

Where, Ta2: cone failure strength [N], o: concrete
compressive strength [N/mm’], Ac: effective area of
cone failure mode [mm?].

As shown in Fig. 3, specimens were subjected to
reversed cyclic load laterally. The lateral displacement
was controlled by rotation angle R, starting from
R = 1/1000. The rotation angle R was defined as the
lateral displacement at the top divided by 1500 [mm)],
which was the shear span of the column.

2.3. Outline of the test results

Details of the test results will be described in the
next sections in comparison to analytical results. As
the test results, yielding of the main bars was observed
for all specimens and three specimens had almost
same shear capacities. And all specimens were failed
by flexure. Although, detail of restoring force
characteristics were different from each other. The
slip behaviors were observed in restoring force
characteristics of two specimens, WA265 and WS485,
except WA48S.

3. MODELING OF NONLINEAR FE ANALYSIS

3.1. Analytical model

Three-dimensional nonlinear finite element analyses
were conducted using “FINAL”[6]. Figure 6(a) shows
FE mesh of the specimen. Concrete was modelled
using eight-node hexahedral element and main bar
was modelled using truss element. Four-node joint
type elements were inserted between hexahedral
elements and truss elements of main bars for the
purpose of incorporating bond slip behavior. The
other reinforcement elements were connected to
concrete elements rigidly at each node.

3.2. Bond characteristics

The bond strength between main bars and concrete
in wall column member was calculated as a strength
of bond split failure based on AlJ Guideline [7] and
slip at the peak in bond stress-slip relations was set as
1.0mm. Cyclic rules of bond stress-slip relations
followed the model proposed by Naganuma [8].

The bond strength between main bars and concrete
in base beam was calculated as a bond strength for
main bars in beam-column joint based on AlJ
Guideline [7] and slip at the peak was set as 3.0mm as
shown in Fig. 6(b). Cyclic rules of bond stress-slip
relations followed the model proposed by Elmorsi[9].
For the specimens WA485 and WA265, the perimeter
length ¢ was calculated from the diameter of drill
instead of main bar as shown in Fig. 6(c).

4. COMPARISONS OF ANALYTICAL AND
EXPERIMENTAL RESULTS

4.1. Damage process and failure mode

Figure 7 and 8 shows crack patterns and load-top
displacement relations, respectively. From the
comparison of the crack patterns shown in Fig. 7,
horizontal cracks along top main bars in base beam
were observed in both experimental and analytical
results for all specimens. Yielding of main bars at
critical sections were observed at loading cycles of
R = 1/250 or R = 1/150 for all specimens. The
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horizontal crack of WA265 were observed in both
FEM and Exp., and it was conceived to relate to
shorter embedment length than those of the other two
specimens.

4.2. Restoring force characteristics

Load-displacement relationships were compared
in Fig. 8. Slip behaviors in load-displacement
relationship for the specimen WA265 and WS485
observed in the experimental results were obtained
from the analyses similarly. Equivalent viscous
damping ratio heq is shown in Figure 9. Although the

equivalent viscous damping ratios heq of analytical
results for specimen WS485 and WA485 were slightly
underestimated to the experimental results, analytical
results for the specimen WA265 showed good
accordance with experimental ones as shown in Fig. 9.
It is conceived that energy dissipation capacity had
relations with slip behavior. From comparison of
WA485 and WA265, it is conceived that the shorter
embedment length caused the slip behavior in load -
displacement relations and caused decreasing the
energy dissipation capacity.

Shear Force [kN]
100 T T T T T T T T
0 A 5
50 ? 5 :
Spec. WS485 ;
(Before R=11100) - i
o | oo | oo
) -12 -6 0 6 12 -15 0 15 30 45

FEM(WS485)  Exp.(WS485)

100

50

R=1/33
50 L. A
1 , . WA4g5
5 (Béfore R=11100) | | =A% Al Loading Cycles
i v Displacement [mm] ‘ . i Displaceiment [mr‘h]
1 I i |
00— 5 0 6 12 45 30 15 0 5 30 45
FEM(WAA485) Exp.(WA485)
100 Shea‘r Force [k’N] | ; ; ; ; ; —
--------- Exp.
- ——FEM
B Y.Exp.(D10)
504 O YExp.(D16)
W YFEM(D10)
® YFEMD16) ol
b RE00 |
0 ) 0
5 - ; 150
va -~ 4 o
By / ' / F;M/zso .
SN 50 LS LT 5 ;
¥ :ﬁ*j‘-ﬁ";“ iy Spec. WA265 g c. WA265
} = °<:>;8' (o N (Béfore R=1/100) | | {f". {All Loading Cycles)
R e 2= : Displacement[mm] | | ‘ ; iDispIaoe.‘rent [nr;n]
) 1 i i i
f 00— r 0 6 12 45 30 45 0 15 30 45

Exp.(WA265)
Figure 7. Crack Patterns at R = 1/33

FEM(WA265)

Load and flexural/shear displacement relations
were shown in Figure 10. Fig. 10 shows that the slip
behavior was observed in flexural deformation. Figure
11 shows the stress distribution of main bars for both
analytical and experimental results. Although the

Figure 8. Load-Displacement Relations

analyses in compression underestimated, the
analytical results in tension corresponded well to the
experimental ones.
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4.3. Discussion on slip behavior
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Figure 12 shows bond - slip relations of main bar
anchorages at the cycles of rotation angle R = 1/100
and R = 1/50, from the analytical results. The slip was
calculated as the sum of deformations of joint type
elements inserted between concrete and main bars,
and bond stress was calculated as average of the
element stress. Fig. 12 shows that the slip behavior in
load - flexural displacement relationships were related

Shear Force [kN

with slip behavior of main bar anchorages for the
specimen WS485 and WA265. Quite small slippage
about 1.0 or 2.0 mm affected to slip behavior in the
load-flexural displacement relations. Maximum bond
stress was around 2 N/mm® in this study which was
lower than the bond strength 6 N/mm? for anchorage.
It means that slip behavior was observed quite before
the bond stress reaching maximum strength.
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Figure 12. Bond Characteristics of Anchorages from Analyses

5. CONCLUSIONS

Restoring force characteristics of RC wall column
specimens were investigated both experimentally and
analytically. Three types of main bar anchorage were
investigated. One was ordinal type, while the other
two were post-installed adhesive anchors. The
embedment length was varied in the latter two
specimens. The specimen WS265, which had shorter
embedment length showed lower energy dissipation
capacity than the other two specimens and slip
behavior was observed.

Analytically, these behaviors were shown in good
accordance with the experimental results. Stress
distribution of main bars derived from analytical
results corresponded well to the experimental ones
only in tension.

Inelastic bond stress-slip relations between main
bars and concrete basement were modeled based on
the proposed method by Elmorsi. The slip behavior of

restoring force characteristic was considerably related
to the bond stress-slip relations and the slip behavior
appeared quite before the bond stress reaching
maximum strength.
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ABSTRACT: Eurocode 8 (EC8) considers three ductility levels in seismic design of reinforced concrete (RC) buildings,
including low ductility class (DCL), medium ductility class (DCM), and high ductility class (DCH) in which each level of
ductility class results in different design seismic effect and detailing requirements. This paper presents a critical review on
seismic design of RC buildings to EC8 and an investigation on a case study of RC building frames in Vietnam designed to
EC8 with two classes of ductility (DCL & DCM), as well as an extensive parametric study on various peak ground
accelerations corresponding to different seismic regions. The parametric study results reveal that the choice of ductility
class significantly affected the design of RC building frames, particularly the reinforcement quantities of RC beams and
columns. Furthermore, the comprehensive comparisons of material quantities of RC members for each case study of RC
building frames are also discussed in details. Finally, by defining the ranges of peak ground accelerations for low and
moderate seismicity areas, recommendation on the choice of ductility class (DCL or DCM) for such RC building frames is

also proposed in this study.

KEYWORDS: Seismic design, ductility class, reinforced concrete.

1. INTRODUCT ION

Vietnamese seismic design standard, TCVN
9386:2012 [1], is compiled mainly based on ECS8 in
which the main contents of its part one and part two
are EN 1998-1:2004 [2], and 1998-5:2004 [3],
respectively. Although Vietnam has not issued the
national annex to be used with TCVN 9386:2012 as
many countries have where they adopt ECS, some
important input data have been decided in TCVN
9386:2012 so that it can be used to design the
structures subjected to seismic effect, for example the
choice of type I for design response spectrum,
modification of important factor for buildings, as well
as the reference peak ground acceleration (PGA) for
all regions in Vietnam. According to the PGA
category for regions in Vietnam [1], majority regions
are in the low and moderate seismicity which the PGA
is less than 0.15g except Son La and Dien Bien cities
with the PGA of 0.1516g and 0.1893g, respectively.

According to ECS8, seismic design of RC
structures can follow one of the three ductility classes,
namely DCL, DCM and DCH. Pinto [4] explained
that because EC8 is a regional code that can be used
by many countries with different technical
background, construction practice, and different
magnitudes of earthquake excitations, it should be
flexible and therefore three ductility classes provided
in EC 8 is intended to satisfy these flexibilities. In the
intention of ECS8, the three classes should be
equivalent in terms of safety with respect to the
ultimate limit state. Although the DCL is

recommended for the case of low seismic region, the
choice between classes should be made by the
convenience of the particular user. For the DCL
design, the RC structures shall be calculated with the
large seismic effect corresponding to maximum
behavior factor of 1.5 which is the overstrength of the
reinforced concrete structure alone, without
considering any energy dissipation capacity [5], in
return, the design procedures and detailing
requirement are relatively simple and follows
Eurocode 2 [6]. For DCM and DCH design, although
the seismic effect will be reduced through adopting
the behavior factor greater than 1.5, the seismic shear
design calculations and detailing requirements are
relatively complicated to guarantee the structures have
sufficient energy dissipation and ductility capacities.
The actual application of EC8 in many countries
showed that DCH design for RC structure is very hard
to satisfy [7]: Although the strength and deformation
requirements can be achieved, the detailing
requirements for both structural and non-structural
elements in the building lead to a significant increase of
the construction cost. Therefore, only DCL and DCM
design are mentioned and discussed in this paper. A
parametric study based on a case study RC frame
building in Vietnam will be conducted, specifically
focusing on the ductility classes DCL and DCM using
assumed peak ground accelerations corresponding to
various seismicity areas, from low to high seismic
loading magnitudes, and number of story buildings,
from low to medium rise RC building frames. Based on
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the numerical results, this study recommends the
choice of appropriate ductility classes for RC building
frames from the parametric investigations.

2. BASIC DESIGN CONCEPT OF EUROCODE 8

2.1. Capacity design

Capacity design is the principal concept through
the entire seismic design provision EC8 for the
medium and high ductility classes (DCM & DCH). In
seismic design, the flexural failure is favorable in
which the structures have high energy dissipation and
high ductility, as well as can be subjected to large
deformations during the earthquake excitations. The
brittle failures, or shear failures shall be prevented
because the occurrence of these failures is very fast
and unpredictable accompanying with low energy
dissipation, resulting in the sudden collapse of RC
structures with small deformations in short time
periods. According to the capacity design concept, the
critical regions of structures (or plastic hinge regions)
are selected to design in order to ensure that the
structures perform in ductile manners when they are
subjected to seismic loadings. In particular, the
longitudinal reinforcement of RC members reach the
yielding strain and their flexural strength are achieved,
as well as the shear failures are prevented. These
critical regions allow the formation of plastic hinges at
both ends of RC beams, and the bases of RC columns
and shear walls.

The basic capacity design concept is proposed in
EC8, including: (1) According to the weak
beam/strong-column design concept of frame or
frame-equivalent dual structures, the moment capacity
of columns is estimated based on the moment capacity
of beams at the beam-column joints to make sure that
the plastic hinges will form at both ends of beams, or
only at column bases; (2) The shear force design for
RC members in the critical regions shall be derived
from their moment capacities. In addition, the
overstrength factor shall be adopted in shear design to
prevent the shear failures.

It is noted that one of the most important concepts
of capacity design is weak beam/strong column in
design of RC frame buildings. The purpose of this
concept design is to prevent the soft-storey
mechanism due to the formation of plastic hinges in
columns instead of beams. In order to satisfy this
requirement, Eq. (1) must be fulfilled at all beam-
column joints along two orthogonal directions of
frames as follows [2]:

DMy, 21.3) My, 6]
Where ZM Re ZM g are the sum of moment

capacities of columns and beams at the joint’s faces,
respectively. Following the DCM design, in order to

ensure that the plastic hinges form at all beam ends, as
well as columns and wall bases, the confinement
reinforcing bars are strictly required in the critical
regions of these RC members. The aims of this
requirement to guarantee that the structures have
sufficient energy dissipation and ductility and obtain
the favorable flexural failures, as well as prevent the
sudden shear and axial failures. The detailing
requirement for DCM design can be clearly seen
in EC8.

2.2. Ductility classes and behavior factor

2.2.1. Ductility classes

Eurocode 8 allows design engineers to choose
three options of ductility class for seismic design,
including DCL, DCM, and DCH. According to DCL
design, the resistance of RC structures to seismic
effect is obtained through their strength instead of
ductility and energy dissipation capacity. The design
procedures to DCL just follow Eurocode 2. On the
other hand, following the DCM design concept, the
structures will be provided a relatively high level of
ductility and  energy  dissipation  capacity
corresponding to strict design rules and detailing
requirements. The DCM design to EC8 is
recommended for the medium and high seismicity
regions. In addition, one of the important
requirements for DCM design is the limitation of axial
load ratio which is defined as follows:

V;=Ng; / A.foq vq < 0,65 for RC columns 2)

vq < 0,4 for RC ductile walls

Where Ng; is the applied axial force on RC
members; A, is effective cross section of RC
members; F., is the design compressive concrete
strength. The requirement of Eq. (2) is intended to
reduce the adverse effect of the spalling of cover
concrete due to combination of seismic effect and
high axial force. Furthermore, with a certain level of
ductility provided for RC members following the
capacity design rules, the higher axial force is applied,
the lower energy dissipation and ductility capacities
are obtained and the higher possibility of shear and
axial failures happens. On the other hand, the axial
force level is not limited in DCL design for RC
columns and walls. This difference between DCL and
DCM design is seriously considered in DCM design
because it may result in the increase of column and
shear wall sections to fulfill Eq. (2). From the
perspective of architectural design, it is undesirable
because normally the RC members are expected to be
designed as small as possible.

2.2.2. Behavior factor

There is a close relationship between the ductility
class and the behavior factor in seismic design to ECS.
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In particular, the low ductility class corresponding to
the lower value of behavior factor results in the low
energy dissipation capacity and high applied seismic
effect. On the other hand, for the design purpose with
high value of behavior factor, the structures shall be
designed with high energy dissipation and ductility
capacities, as well as the smaller values of earthquake
loading. For DCL design, the behavior factor of 1.5
can be applied for RC structures as mentioned earlier.
On the other hand, for DCM design, the behavior
factor can be estimated as following equations which
depends on the structure category:

q = qok, 3)

W:(H%}oka_l )
hwi

% Z (%)

) ZI wi

Where ¢, is the basic behavior factor which
depends on the structural types. Table 1 shows the
values of basic behavior factor for different structural
types of RC structures which are regular in elevation.
The classification of structural types is given in Table
2, depending on the contributions of shear resistance
of RC frames and walls on the total base shear of the
structures when they are subjected to seismic
loadings. When the structures are irregular in
elevation, the basic behavior factors shall be reduced
by 20%. The factor &, = 1,0 is adopted for the frame
or frame-equivalent dual systems, for the wall and
wall-equivalent dual systems the factor %, is estimated
following Egs. (4) & (5), considering the effect of
shear wall aspect ratio 4,//,, on the failures of RC
shear walls.

Table 1. Basic value of the behavior factor g,
for the structures regular in elevation [2]

Table 2. Structure systems category
in seismic design [2]

Frame Frame- Wall- Wall
system equivalent | equivalent system
dual system | dual system
Shear Shear Shear Shear
resistance | resistance of | resistance of | resistance
of the the frames at | the walls at of the
frames at | the building | the building | walls at
the base base the
building | contributes | contributes | building
base from 50%- from 50%- base
exceeds | 65% oftotal | 65% of total | exceeds
65% of base shear base shear 65% of
total base | force due to | force due to | total base
shear force | earthquake | earthquake |shear force
due to loading loading due to
earthquake earthquake
loading loading

Low ductility Medium
Structural type class ductility class
DCL DCM

Frame system, frame-
equivalent dual
system, wall system, 1.5 3.0/
wall-equivalent  dual
system
Syst bjected t
ys.ems subjected to 15 20
torsion and flexure
I
nverted pendulum L5 L5
system

3. PARAMETRIC INVESTIGATIONS

3.1. Case study of RC building frame

The proposed AEON Mall Hai Phong is a project
currently under design stage. It comprises of one story
basement, three storey malls, and a roof for open air
car parking and cinema areas. The basement is used
for motorbike and car parking while the first, second,
and third floors are used for shopping mall including
supermarkets, retail shops, and restaurants. The total
height of this building is 17.9 m while the total floor
area is 172.000 m’. In order to avoid the thermal
actions due to the long length of the building of
approximately 200 m, movement joints are introduced
to divide the building into four zones, from zone A to
zone D. In this study, due to the similarity among four
zones, zone A will be selected to study the effects of
various ductility classes on seismic design of RC
frame structures to ECS8. Figures 1 and 2 show the
typical architectural and structural plan drawings of

zone A.
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Figure 1. Typical architectural plans of zone A
of the AEON Mall Hai Phong building
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Figure 2. Typical structural plans of zone A
of the AEON Mall Hai Phong building
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Table 3 shows the design dead load for this case
study while the design live load is indicated in Table
4. It is noted that for the purpose of this study, wind
load and other effects such as temperature effect are
not considered.

7.8 kPa
8.5 kPa

Gardening shop

Cinema

Table 3. Design dead load

3.2. Seismic action for the case study

Since the local seismic design code TCVN
9386:2012 is based on EC8 with a modification on the
importance class and the determination of type of
spectrum is type I, these parameters shall be obtained
from TCVN 9386:2012 [1]. The reference peak
ground acceleration is determined in accordance with
QCVN 02:2009/BXD [8] at the building site (Le Chan
district, Hai Phong city) is a,= 1.268 m/s’. In
addition, the importance class of the building is I,
therefore, the important factor using to calculate
seismic action is 1.25 [1], resulting in the design
ground acceleration (a,) equal to 1.6 m/s’. Based on
the soil investigation report of project, the average
Ngpr within the first 30 m from the ground level is less
than 15, therefore the soil is classified as Type D.
Adopting the finite element commercial software
Etabs 2016 [9], the design spectra used for seismic
analysis shall be automatically calculated based on
EC8 with the above input data. Figure 3 shows the
design spectra corresponding to two types of ductility
classes (DCL and DCM) for this case study.

4

[¥%)

(=)

----DCM
—DCL

—_

Design spectrum, Sd (nv/'s?)

10 12

4_ 6 8
Period. T (s)

Figure 3. Design spectra corresponding
to two types of ductility classes

3.3. Parameters for parametric investigations

Table 5 summaries the typical dimensions of RC
members of the case study given above (a 4-storey
building), as well as for an assumed 6-storey building
which is added to investigate the effects of building
height on seismic design of RC frame buildings with two
ductility classes. The key parameters in this parametric
study are indicated in Table 6, including ductility class,
design ground acceleration, and building height.

Table 5. Typical dimensions of RC structures for
parametric investigations

. Superimposed Dead Load
Floor | Location Load (kKN/m’)
Finishing 50mm +
Mall Ceiling + Ducting 1.5 kPa
MEP Finishing 50mm +
room Ceiling + Ducting 1.5 kPa
Ist . Finishing waterproof
floor | Driveway |, asphalt + Ducting 4.0 kpa
Loading | Finishing asphalt +
dock Ducting 1.5 kPa
Finishing waterproof
Landscape +400mm thick soil 7.2 kPa
2nd Finishing 50mm +
floor Mall Ceiling + Ducting 1.5 kPa
3rd Finishing 50mm +
floor Mall Ceiling + Ducting 1.5 kPa
Open | Finishing Waterpr.oof 4.0 kPa
4th carpark | + asphalt + Ducting
floor . Finishing 50mm +
Cinema Ceiling + Ducting 1.5 kPa
Table 4 . Design live load
Load
Floor Area Usage (kN/m?)
Mall, Sales-area, Retail, Restaurant,
Food court, Enrichment classroom, | 5.0 kPa
Amusement, Gym, Liquor, Pet shop
Parking lot 5.4 kPa
Clinic 6.0 kPa

Total |Column|Primary
Number| height |section | beams |Secondary| Slab
of of (bxh) | (bxh) | beams [thickness
storey |buildingl mxXxm | mXxm | mxm m
m
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4-storey| 21.9 ]0.8x0.8]0.8x0.65| 0.4x0.65 | 0.16
6-storey| 27.7 |1.0x1.0|0.8x0.65|0.4x0.65 | 0.16

Table 6. Parameters for parametric investigations

Parameters Range

Ductility class DCL (q=1.5), DCM

(q=3.9)

Design ground
acceleration, a, (m/s?)

0.05;0.75; 1.0; 1.6; 2.0

Number of storey 4;6

3.4. Parametric study results

In total, there are 20 RC frame buildings which
have been analyzed and designed according to ECS8
using Etabs software [8] to investigate the effects
of ductility class and building height on seismic
design of RC frame buildings in terms of steel
content, i.e the ratio of rebar weight to concrete
volume of RC members, as the sizes of columns
and beams remain unchanged of each category of
storey number. Table 7 summaries the design
results of parametric study.

3.4.1. Influences of design ground acceleration and
building height on RC beams design

Figures 4 and 5 show the effects of design ground
acceleration on RC beams design of 4-storey and
6-storey buildings, respectively. As indicated in these
figures, with the increase of design ground
acceleration, the material use, and thus material cost,
for DCL design is significantly higher than that
according to DCM design for both 4-storey and 6-
storey buildings. Therefore, it can be concluded that
for the RC beam design of low rise building frame
structures, seismic design according to DCM is more
economical in terms of material use.

200
&)
4 150
5
o 100
2
3
g 50
8 —e—DCL
“ - - DCM
0
0 0.5 5 2 25

.05 1 1.5, 225
Design ground acceleration, a, (n/s?)

Figure 4. Influence of design ground acceleration
on RC beams design of 4-storey building

Steel content of beams (Kg/m?)

200

150

100

50

0
0

0.5

1
Design ground acceleration, ag (m/s?)

—e— DL

=+ =DCM

1.5

-

25

Figure 5. Influence of design ground acceleration
on RC beams design of 6-storey building

Table 7. Seismic design results of case studies
in terms of material use

. Steel
GD eSIgrcli First C(f;[l?[::lt Csrtliglt content
Ductilit| 2" Number [vibration| of beams|
Acceler . of of
-y .~ lof storey| period and
-ation, | T beams |columns columns
Class a uilding I | Kg/m®| Kg/m’ Ko/m®
m/sz S g m
0.05 938 | 67.6 87.6
0.75 1054 | 79.5 99.2
DCL
1.0 116.7 ] 162.5 | 127.6
q=1.5
1.6 143.9 | 2334 | 165.3
2.0 4 1.62 184.4 | 304.4 | 213.1
0.05 872 | 151.5 | 102.6
0.75 88.7 | 151.5 | 103.7
DCM
1.0 90.7 | 151.5 | 105.3
q=3.9
1.6 97.8 | 151.5 | 110.6
2.0 1044 | 151.5 | 115.6
0.05 69.1 | 41.8 60.0
0.75 102.7 ] 50.3 85.2
DC1Ls 1.0 116.1] 66.4 | 99.5
== 1.6 149.6 | 115.1 | 138.1
20 | o | 505 [1599] 1489 [ 1562
0.05 83.7 | 127.1 | 98.2
0.75 87.3 | 127.1 | 100.6
DEM 1 89.4 | 127.1 | 102.0
q=39
1.6 97.2 | 127.1 | 107.2
2.0 11251 127.1 | 1174
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3.4.2. Influences of design ground acceleration and
building height on RC columns design

As observed in Figures 6 and 7, the steel content
for RC columns according to DCL design increases
with the increase of design ground acceleration for
both 4-storey and 6-storey buildings. On the other
hand, for the DCM design, the steel content for RC
column was not changed. It is because the DCM
design with the high behavior factor q = 3.9 results in
relatively low seismic forces and the minimum
reinforcement ratio of 1% required when design to
DCM already sufficient. In addition, it is interesting to
note an intersection point between DCL and DCM
curves for RC columns in Figure 4: for seismic design
of 4-storey and 6-storey buildings, when the design
ground accelerations are less than approximately
1.0 m/s” and 1.7 m/s’, respectively, the seismic design
of RC columns according to DCL is more economical
than that of DCM design. On the other hand, the
seismic design to DCM is more beneficial than DCL
design in terms of material cost when the design
ground accelerations are greater than 1.0 m/s’ and
1.7m/s for 4-storey and 6-storey buildings, respectively.

350
hE‘ 300
Mo _
= 250 a,= 1.0 (m/s?)
!
£ 200
B o150 | oe-e-Wo
= 100
3 50 —e—DCL
s --+- DCM

0
0 0,5 1 1.5 2 25

Design ground acceleration, a, (1n/s?)

Figure 6. Influence of design ground acceleration on
RC columns design of 4-storey buildings
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Figure 7. Influence of design ground acceleration
on RC columns design of 6-storey buildings

3.4.3. Influences of design ground acceleration and
building height on RC beams and columns design

One of the important parameter to evaluate the
optimization design of building structures is the
material usage. Figures 8 and 9 show the effects of
design ground acceleration and building height on the
steel content of both RC beams and columns
according to DCL and DCM design.
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y=82.38x+42.18
R*=0.98

200
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Steel content of beams and columns (Kg/m?)

. y=8.73x+97.36
R==0.97
-« =DCM
0
o 05 1 15 2 25

Design ground acceleration, a, (1m/s?)

Figure 8. Influence of design ground acceleration on
RC beams and columns design of 4-storey buildings
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Figure 9. Influence of design ground acceleration on
RC beams and columns design of 6- storey buildings

As observed in Figures 8 and 9, the intersection
points of steel content vs design ground acceleration
curves between DCL and DCM design, that can
suggest engineers to choose the ductility classes
which will provide more economical design in terms
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of material cost, also vary with the building height.
Particularly, for design of 4-storey building, if the
design ground acceleration is less than 0.75 m/s’, the
DCL should be chosen in seismic design. Otherwise,
the DCM should be adopted when the design ground
acceleration is greater than 0.75 m/s°. The similar
trend is also observed for 6-storey building, as
indicated this figure, but the recommended design
ground acceleration for choosing ductility classes is
higher than that of 4-story building, that is 1.16 m/s’.
Therefore, it can be concluded that the design ground
acceleration  for  choosing  ductility  classes
significantly depends on the building height in seismic
design of RC frame buildings. According to UBC 94
[10], the relationship between the building height and
the fundamental period of vibration of moment
resistant concrete frames with the height up to 40 m
are proposed in the following equation:

T,=0,075H" (6)

The magnitude of the seismic loadings according
to DCL and DCM design significantly depends on the
period of the first mode vibration of building, because
it usually account for more than 50%, sometimes
more than 90%, of the mass participation of building.
For such low-rise buildings in this study, the first
vibration period is relatively short, i.e the design
spectrum Sy is very high, thus the seismic force is
large, especially when the buildings are designed
according to DCL as clearly indicated in Figure 3 for
the case study in this paper. On the other hand, for
high-rise buildings, the vibration periods are normally
long which results in the low values of design
spectrum for both DCL or DCM design, thus also
affecting the magnitude of seismic loadings.
Therefore, it is a strong evidence that there is a good
correlation between the first vibration period and the
recommended design ground acceleration for choosing
the proper ductility class in seismic design to obtain the
optimization design in terms of material usage. For
example, in this case study, the results indicated in
Table 7 and Figure 5 showed that for 4-storey building
with the first vibration of period of 1.62 seconds, the
threshold of design ground acceleration to choose the
ductility classes is equal to 0.75 m/s’, while this
threshold value is equal to 1.16 m/s’ for 6-storey
building with the first vibration of period of 2.25
seconds. Therefore, it can be concluded that the
threshold of design ground acceleration for choosing
the appropriate ductility classes increases with the
increase of first vibration period of the building.

4. CONCLUSIONS

In this paper, the parameters affecting the choice
of ductility class for seismic design of RC frame
buildings are investigated using the 3D finite element

parametric study. The critical parameters influencing
the seismic design of RC frame buildings, including
ductility class, design ground acceleration, and
building height, are investigated. Results from this
parametric study have shown a clear trench that for
low design ground acceleration it is more beneficial to
use DCL design than DCM design, once the design
ground acceleration exceeds a certain threshold then
DCM design becomes more beneficial in term of
material usage. The threshold is dependent on the first
mode vibration period of the building and the design
ground acceleration at threshold is higher with higher
and more flexible buildings. The results obtained from
this study will help the structural engineers evaluate
which ductility class (DCL or DCM) should be
adopted in the initial design stage in order to achieve
the optimized design in term of material usage.
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PHAN TiCH KET CAU KHUNG BE TONG COT THEP
CO KE PEN TiNH PHI TUYEN VAT LIEU
NUMERICAL ANALYSIS ON THE BEHAVIOR OF RC FRAMES
USING NONLINEAR MATERIAL MODELS
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TOM TAT: Bai bio trinh bay mot sé két qua phan tich noi lyc khung phang bé tong bt thép co ke dén tinh phi tuyen vat
lidu. Noi luc trong dam va khung bé tong bt thép duogc tinh toan VoL nhiéu gia tri tai trong va tiét dién bé tong cot thép.
Phan mém phén tich két cAu SAFIR dugc sir dung dé phén tich phi tuyén két cau. Mot sb nhan xét trong viéc didu chinh noi

luc khi thiét ké két cAu bé tong cbt thép dugc dua ra.

TU KHOA: Bé tong cdt thép, khép déo, phan tich phi tuyén.

ABSTRACTS: In this article, the results of internal forces in plane RC frame analysis, taken into acoount the nonlinearity
of concrete and steel materials. Using SAFIR code, beams and frames are analyzed with various reinforeced concrete
sections and various values of loading. Some recommendationsin moment redistribution in RC frames design are given.

KEYWORDS: Concrete stuctures, plastic hinges, nonlinear analysis.

1. GIOI THIEU

Tiéu chuan thiét ké két cdu bé tong cdt thép
TCVN 5574-2012 [1] ¢6 quy dinh x4c dinh ndi luc két
ciu c6 xét dén bién dang déo cia bé tong va cdt thép
hodc dung gia thiét vat liéu dan hdi tuyén tinh. Tuy
nhién, trong tiéu chuin khong c6 phan chi din cu thé
phuong phap tinh ndi luc ¢6 ké dén bién dang déo cua
vét liéu nén hau hét trong thyc té thiét ké két cdu
khung bé tong cdt thép, ndi luc duge tinh theo gia
thiét vat liéu dan hoi.

Mot sb tiéu chudn nude ngoai nhu tiéu chuan chau
Au EN 1992-1-1 [2] va quy pham Hoa Ky ACI 318 [3]
déu chi din rd gia tri phan phdi md men trong dam
khung va san do sy hinh thanh khép déo trong két ciu
O trang thai gioi han (TTGH).

Nghién ciru niy sir dung phan mém phén tich phi
tuyén két cAu SAFIR dé khao sat su phan phdi noi luc
trong dam va khung bé tong cdt thép do tinh phi tuyén
cua vt liéu. Dya trén két qua phan tich, mot sb nhén
xét vé viéc diéu chinh ndi luc khi thiét ké két cdu
bé tong cdt thép duoc dua ra.

2. GIOI THI¢U MO HINH TiNH TOAN

SAFIR 1a phan mém dugc phat trién tai Vwong
qudc Bi dung trong phan tich phi tuyén két cau trong
diéu kién nhiét do thuong va nhiét do tang cao [4].
Phan mém nay d duoc kiém chimg bing cac so sanh
két qua tinh toan voi két qua thi nghiém hodc két qua
tinh bang cac phan mém thong dung khéc [5, 6].
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2.1. M6 hinh vat liéu

Trong nghién ctru nay, mod hinh vét liéu bé tong va
cot thép duogc lay theo tiéu chuan chau Au nhu Hinh
1,2. Cudng d6 chiu kéo cua bé tong dugc bo qua.
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Hinh 1. Mdi quan hé img suat- bién dang cua
bé tong theo ti€u chuan chau Au [2]
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Hinh 2. Mdi quan hé tmg suét- bién dang ciia ¢t thép
theo ti€u chuan chau Au [2]
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2.2 Mo hinh tinh toan

Dakl‘m va cot kl}ung duoc cbia thanh cac p’he‘in to
loai dam, mdi phan tir c6 thé mo phong tiét dién
ngang khac nhau. (Hinh 3).

Fo o Fo

Hinh 3. So d6 tinh khung phang

Phan tir 1a mot b cac thé (fibres) song song ma
mdi thd c6 thé 1a mot loai vat liéu. Do vay, dé dang
mé phong cac tiét dién bé tong cbt thép. Dua vao
nguyén 1y chap chuyén vi, cac phuong trinh can bing
va gia thiét Bernoulli, c6 thé xac dinh duogc bién dang
cla ting thd trén hai mit cit ngang cua 2 diém dau
mot phﬁn tir dam, tir d6 xac dinh duoc ung suét, ndi
luc va chuyén vi ¢ hai dau phan tir. Tai liéu [4] trinh
bay chi tiét hon vé phan mém SAFIR.

Khi phan tich dam dé khao sat noi luc va Chuyén Vi,
ding tiét dién dam hinh chit nhat dé d& so sanh kha
nang chiu mé men duong va mo men am. Kich thudc
tiét dién ngang ctia dam 1a (25x50) cm. Cac truong hop
dit ¢t thép khac nhau (nhu Hinh 4) dwoc tinh toan.
Chia mit cat ngang dim thanh cac thé nhu dam 4.

@ e e ¢ @ @ e e o @
@ e o o e e @ o ° ° :
ayDam 1: b)Dam2: c¢)Dam3: d)Dam 4:

Trén: 4d20 Trén: 2d20 Trén: 4d20 Trén: 8d20
Duédi: 4d20 Dudi: 4d20 Dudi: 2d20 Dudi: 8d20
M, =153 3M,"" = 77,9M,"*" = 151,6M,"" = 276,7
kN.m kN.m kN.m kN.m

M5 =1513M, "% = 151,6M, =779 M, =276,7
kN.m kN.m kN.m kN.m

Hinh 4. Céc tiét dién dAm

a) Cot 1: 25x30 (cm) b) Cot 2: 25x30 (cm)
Cot thép: 4d16 Cot thép: 6d20

Hinh 5. Céc tiét dién cot

Khi phan tich khung, dam dugec m6 phong tiét
dién chit T nhu Hinh 14, cft co6 tiét dién ngang nhu
Hinh 5.

3. PHAN TiCH DAM

Xét dAm mot nhip 2 dau ngam co6 so dd tinh nhu
Hinh 6. Cac truong hop tiét dién dam nhu ¢ Hinh 4
duoc tinh toan. Cac dim duoc khao sat ung suét, bién
dang va noi luc véi tai trong ting dan tr 0 dén gia tri
lam pha hoai dam. Phan sau trinh bay chi tiét két qua
tinh dam 1 va 2. Két qua tinh cta cac dam 3 va 4 duoc
thé hién dudi dang d6 thi & Hinh 12 va Hinh 13 dé c6
so sanh va nhan xét.

Khi gia thiét vat liéu dan hoi va dam c6 tiét dién
khong doi trén toan chiéu dai, c6 biéu d6 mé men nhur
Hinh 6. M6 men dau dam ky hiéu M;, mé men duong
gitra nhip ky hi¢u 1a M;. C6 M/M, = 2 & moi gia tri
tai trong.

q
| l |
[ |
qr qr ki
2 24 2

Hinh 6. Biéu d6 md men trong dam, tinh theo
gia thiét tiét dién khong doi trén toan chiéu dai dim
va vat lidu dan hoi

Khi tinh ddm v&i mé hinh vat liéu c6 ké dén tinh
phi tuyén (Hinh 1,2), dung phdn mém SAFIR, c6 md
men thay doi theo tai trong nhu & Hinh 7. Khi tai
trong nho (doan OA trén Hinh 7), vat liéu lam viéc
gan nhu dan hoi, mé men ciing ting ti 1& voi tai trong.
Khi tai trong 16m hon, vat li¢u co bién dang déo, mo
men khong tang ti I¢ voi tai trong nita (doan AB trén
Hinh 7). Trong dam 1, doan AB trén Hinh 7 thé hién
1d hién twong hinh thanh khép déo tai dau dam (M,
khéng ting trong khi tai trong tiép tuc ting). Hinh nét
chdm r0i trén Hinh 7 thé hién duong ddi xtmg cua
duong md men dwong M, dé d& so sanh vé gia tri v6i
mo men am M,.

200

E A B
150 [ /
100 | et
= e s S S =i s 1o
-g- e e e
T 0o e
& sof
=
100 My (eNom)
My (kNm)
ASOH e D,

=200
q (kN‘m)

Hinh 7. M6 men tai cac tiét dién cta dam 1,
tinh v6i mo hinh phi tuyén vat liéu
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Hinh 8. D6 cimg chdng udn (EI) cta dam 1 tinh véi
mo hinh phi tuyén vét liéu
Bang 1. Ti s6 mé men trong dam 1 khi
thay doi tai trong (g, = 69,89kN/m)

Tai
tI'Ql’lg 0,1% 0,7qu O,Squ O,9qu O,95qu Qu

My/M, | 1,92 | 1,92 | 1,65 | 1,26 1,1 |0,99

Dua vao Kkét qua tinh My/M; véi cac gia tri tai
trong tang dan tir 0 dén gi4 tri gi6i han q, (Bang 1),
thdy ring su phan bd m6é men trong dam khi tinh véi
md hinh phi tuyén vét liéu khong giéng nhu tinh toan
theo gia thiét vat liéu dan hoi, nhat 13 khi tai trong du
16n gay nut trong bé tong vung kéo va c6 su chay déo
cbt thép. Co thé giai thich didu nay la do do cung
chéng uén ciia dam khong déu nhau trén chiéu dai
dam nhu tinh toan theo gia thiét vat liéu dan hoi
(Hinh 8). Hon nita, do su nit cia cac thd bé tong chiu
kéo nén truc dam ciing thay doi so véi so dd tinh theo
so dd dan hdi. Voi dam c6 cdt thép phia trén va phia
duéi khac nhau (dam 2) thi d6 cting ciia dim thay ddi
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trén chiéu dai ddm rd hon (Hinh 9). Sy phan phdi mé
men trong dam 2 cling khac han so v6i mo men tinh
theo so d6 dan hoi, ké ca khi tai trong nhé (Bang 2).
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Hinh 9. D6 cimg chdng udn (EI) cta dim 2
tinh v&i mo hinh phi tuyén vat li€u
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Hinh 10. M6 men tai cac tiét dién ctiia dim 2,
tinh v&i mo hinh phi tuyén vat li€u
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Bang 2. Ti s6 mé men trong dam 2 khi thay déi
tai trong ( g, = 52,4kN/m)

Tai
trong O,Iqu 0;7qu 0,8qu 0,9qu 0’95qu Qu
M/M; | 1,55 | 0,93 | 0,74 | 0,59 0,56 | 0,51

Céac dam 3 va 4 cung so d6 tinh v6i dam 1 nhung
thay ddi s6 thanh cdt thép dé khao sat cac truong hop
md men giGi han cia tiét dién khac nhau. Két qua tinh
md men cia dim 3 va dim 4 dugc thé hién trén
Hinh 11 va Hinh 12.

200 T T T T T T
N | |
150 ] M; (kN.m)
r M (KN.m)
2 100 F{eococees DX M, /
] L -
Z : / eee
::)/ 50 // ...............
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«© P T R
= 0f
-50 f
ol
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Hinh 11. M6 men tai cac ti€t dién ctia dam 3,
tinh v&i mo hinh phi tuyén vat liéu
400
300 f
F T et B
200 | ——
E wof e
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E
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o -100 | i i
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200 | My (kN.m)
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-300 * ........ DX M;
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Hinh 12. M6 men tai céc tiét dién ciia dam 4,
tinh v&i mé hinh phi tuyén vat liéu

Qua céac két qua tinh, co thé dwa ra cic nhan
xét sau:

- Khi phan tich dam bé tong c6t thép v6i mé hinh
phi tuyén vat liéu, md men trong dim phéan bd co thé
khac dang ké so v6i tinh toan theo gia thiét vat liéu dan
hoi. Pidu nay dugc giai thich 1a do cimg trong dam anh
hudng boi su phan bd cdt thép trong dﬁm cling nhu sy
nut cua bé tong vung keo nén khong gidng nhu do cting
tinh toan theo gia thiét vat liéu dan hoi;

- O trang thai gi6i han (cac diém cudi cung trong
cac d6 thi), md men trong dam phan phdi theo ding
giéi han chiu m6 men ca tiét dién da b tri c6t thép
(M,™ M dLr0‘) ma khong phu thugc vao moé men tinh
theo gla thiét vat liéu dan hoi.

Nhu vay, viéc diéu chinh biéu dd mé men theo md
hinh hinh thanh khép déo & TTGH ciia nguoi thiét ké
dit ra 1a ¢ thé dat duoc. Cac tiéu chudn nude ngoai
nhu tiéu chudn chau Au Eurocodes hay quy pham
Hoa Ky ACI 318 déu huéng dan diéu chinh biéu dd
mo men trong dam va san trong mot pham vi gii han
dé dam bao goc xoay han ché. Tiéu chuan thiét ké cua
Viét Nam chua hudng dan cu thé cach diéu chinh biéu
d6 mo men nén viéc ap dung con kho khin. Trong
thuc té, khi kiém tra kha nang chiu lyc cta dam, nguoi
kiém tinh cing thuong dua trén gia thiét dan hdi ma
chua xét dén su diéu chinh biéu d0 md men do hinh
thanh khép déo nén thudng yéu cau thiét ké du hon
muirc can thiét. Do vdy, can pho bién hon so d6 tinh
noi lyc trong két cAu bé tong cbt thép co ké dén su
phan phdi lai mo men do tinh phi tuyén cia vat liéu.

4. PHAN TICH KHUNG PHANG

Khung bé tong cbt thép c6 so do tinh nhu Hinh 13
duoc thiét ké dua trén cac gia tri ndi lyc tinh theo gia
thiét vat liu dan hdi. Dam tiét dién chit T ¢6 kich
thudc suon 25x50 cm, bé rong canh 60 cm, chiéu day
canh 10 cm (Hinh 14a). Cot c¢6 kich thudc tiét dién
ngang 1a 25x30 cm (Hinh 14b). S lugng thanh cbt
thép trong mdi doan dam thiét ké theo phwong an 1
dugc ghi trong bang 2. Vi tri cac tiét dién xem trén
Hinh 15. Cot duogc thiét ké nhidu cbt thép dé dam bao
dam luén bj phé hoai trudc cdt nén bao cao nay chi
trinh bay noi luc trong ddm. M6 men gidi han trong
khung (M,>*) dugc tinh v6i md hinh vt lidu phi tuyén
dung phin mém SAFIR.

28KkN/m

A Y

3,6m

|27RN 27kN 27kN

32kN/m 26N/

Y |

3,6m

a) DAm

b) Cot

Hinh 14. Tiét dién ngang dim va cot khung

Két qua tinh tai mot s6 tiét dién duoc trinh bay
trong Bang 3, trong do: My, la gid tri mé men tinh
theo gia thiét vat liéu dan hdi, M, 1a gia tri m6é men
md men gioi han cla tiét dién, M,>* gia tri mé men
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tinh theo gia thiét vat liéu phi tuyén, ding phan mém
SAFIR, Ky hiéu T (D): 2d20 nghia 1a tiét dién co 2
thanh thép dudng kinh 20mm & phia trén (dudi).

Trén Hinh 15 gi6i thi¢u biéu d6 mémen trong
khung tinh voi gia thiét vat liéu dan hoi. Cac vi tri sd
1,2,3..,9 1a tiét dién trén dAm. Cac vi tri chit A,B,C... J
1a tiét dién trén cot.

DE NHHJHHIHH‘ SHH ‘ | P H
C; ‘ 3 y f’; \rw e 5 e
A . . ;

Hinh 15. Biéu 6 momen trong khung tinh
voi gid thiet vat liéu dan hoi

Bing 3. Tiét dién va ndi lyc trong khung
thiet ke theo phwong an 1

hoan toan véi mé men gidi han cua tiét dién M, do
dam ¢6 thém luc doc khi 1am viée trong khung;

- Mot s6 tiét dién dau dam (tiét dién 1, 5, 6, 7) con
du kha nang chiu m6é men khi khung dat TTGH
(MMM bé hon 1 dang ké). Pidu nay ludn xay ra
trong khung do lugng cbt thép thiét ké thuong chon
nhiéu hon két qua tinh todn dé dam bao ca diéu kién
cAu tao.

Tir cac nhan xét trén, phuong an 2 dugc thiét ké
nham diéu chinh c6t thép trong dim cho thuan lgi
hon cho cong tac thi cong, theo nguyén tic phan phdi
mb men trong dam c6 ké dén sy hinh thanh khép déo:
tang cdt thép tai tiét dién 2 tir 4d20 1én 2d20+2d22,
giam cot thép tai tiét dién 3 tir 6d20 xubng 4d20, kha
ning chiu tai trong khéng déi, phan phdi mé men tinh
theo hai gia thiét vé vat liéu nhu trong bang 4.

Bang 4. Tiét dién va ndi lrc trong
khung thiét ké theo phwong an 2

. e deéo SA

1D5%20 33,7 | 774 | 533 | 158 | 0,69
2 124201 138,8 | 1603 [ 1494 | 1,08 | 0,93
3 105450 -191.4|-207.4| 208 | 1,09 1

4 139201 122,4]-151.5|-119.4| 098 | 0.79
500 43,5 | 823 | 525 | 121 | 0,64
6 02920 289 | 774 | 379 | 131 | 049
7 53350 28,6 | -77.4 [ 370 | 13 | 048
8 02420 1382 | 1603 [ 1435 | 1,04 | 09
9 (120201 51 |-77.4 | 746 | 146 | 096

Vi| Tiét | Ma | M| M5 | o, S+ déo

il dien |kN.m| kN.m | kN.m o MagMi/M,
T:2d20

U | Do | 337|774 | 65,1 | 193 | 0384
T:2d20

2 |D:2d20138,8| 176 |171,4| 123 | 0,97
+2d22
T:4d20

3 | Do 19141515 |-151,7| 0,79 1
T:4d20

4 | oo [1224-1515] 95,7 | 0,78 | 0,63
T:2d20

S | pagon | 43:5 | 823 | 635 | 146 | 077
T:2d20

6 | piodo| 289|774 [ 40,1 | 139 | 0,52
T:2d20

7 | oo | 286 | <774 | -36,5 | 127 | 047
T:2d20

8 | Duacao | 138:2[ 160.3 | 1443 | 1,04 0.9
T:2d20

9 | pagan| 51 | <774 [ 70,7 | 139 | 091

So sanh My, M, va M,5* c6 thé rat ra cac nhan
xét sau:

- M6 men trong khung tai trang thai gioi han khac
dang ké mo men tinh theo gia thiét vat liéu dan hoi do
tinh phi tuyén ciia vét liéu bé tong va cdt thép;

- O trang thai gi6i han cta khung, ti s M,5"/M, %
tai mot s6 tiét dién co gia tri 1on gﬁn béng 1(o tiét dién
2,3 va 9 trong khung thiét ké phuong an 1). Quan sat
két qua tinh bién dang tai cac tiét dién nay, thiy tiét
dién da dat TTGH (c6t thép da chay déo va ung suét
trong bé tong dat tdi cuong do chiu nén). M6 men gidi
han tai tiét dién trong khung M,** khéng tring

Vi phuong an thiét ké 2, ¢ trang thai gii han ciia
khung, mé men tai mot s6 tiét dién d3 dat t6i md men
déo cua tiét dién (o tiét dién 2, 3 va 9). Mot sd tiét
dién khac (1,5,6,7) da ¢c6 moé men dat g?m mo men
gidi han coa tiét dién hon (MM gin gia tri
1 hon).

Nhu vay, viéc thiét ké khung theo so dd tinh c6 ké
dén su hinh thanh khép déo 13 hoan toan co thé ap
dung duoc. Piéu nay di duoc hudng dan rd rang trong
céc tai liéu pho bién trén thé gidi [7, 8].
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5.KET LUAN

Khi phan tich dim va khung bé tong cbt thép véi
mo hinh phi tuyén vat liéu, md men trong dam phéan
b co thé khac dang ké so véi tinh toan theo gia thiét
vat liéu dan hdi. Piéu nay dugc giai thich 1a do clng
trong dam anh hudng boi sy phan bd cbt thép trong
dam ciing nhu sy nut cia bé tong ving kéo nén so do
tinh khong giéng nhu tinh toan theo gia thiét vat liéu
dan hoi.

Viée thiét ké khung theo so dd tinh c6 ké dén su
hinh thanh khép déo 13 hoan toan c6 thé ap dung
dugc. Khi thiét ké hodc kiém tinh hd so thiét ké, nén
ap dung viéc phan phdi lai mé men trong dam dé tiét
kiém va dé thi cong hon.
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PHAN TiCH KHA NANG KHANG CHAN CUA THIET BI GIAM CHAN
CHAT LONG BANG LY THUYET VA THUC NGHIEM
CO XET TUONG TAC RAN LONG

EFFECTIVENESS OF MULTI TUNED LIQUID DAMPERS IN THEORY AND
EXPERIMENT CONSIDERING FLUID — STRUCTURE INTERACTION

Bui Pham Purc Tudng', Phan Dac Huynh?, Nguyén Vin Poan’, Luong Vian Hai’
123 Trwong Dai hoe Sw pham K3 thudt TP.HCM, Email: tuongbpd@hcmute.edu.vn
4Trwdng Dai hoc Bach khoa TP.HCM

TOM TAT: Bai bao phén tich kha nang khang chin cua thiét bi giam chan cht 1ong khi cong trinh chiu tai trong diéu hoa
va tai trong dong dat. Trong nghién ciru nay tan sé cta bé chtra chat long dwoc tinh toan va kiém tra bang nhiéu phwong
phap khac nhau. Kha ning khang chan cia cong trinh khi sir dung bé chira chét 16ng dugc mé phong sé va chuyén vi dinh
cling nhu ndi lyc trong cong trinh dugc so sanh khi ¢6 va khong c6 st dung thiét bi khang chan. Sau dé, thi nghiém mé
hinh khung thép dugc tién hanh trén ban rung ty ché tao va kiém dinh tai Truong Pai Hoc Su Pham Ky Thuat Tp.HCM,
khung dugc cho dao dong trong trudng hop co va khong co thiét bi khang chan. Két qua chi ra ring kha nang khang chan
ctia dang thiét bi nay lén dén 70%. Ngoai ra bai bio con dé cap van dé twong tac giita chat 1ong va thanh bé nhu 1a mot diéu
rit dang quan tam khi thiét ké thiét bi dang nay.

TU KHOA: Bé chira chit 1ong, hé bé chira da tan diéu khién dao dong, tuwong tic ran long.

ABSTRACTS: The paper analyzes the effects of roof water tank as the tuned liquid dampers system in term of reducing
vibration of structure under wind and seismic loading. The experiments are implementated on a shaking table which is
made in Ho Chi Minh University of Technology and Education. The results showed that tuned liquid dampers can reduce
70% top displacement. Beside that, the paper is also considering the fluid — structure interaction.

KEYWORDS: tuned liquid damper, multi TLDs, vibration control, fluid-structure interaction.

1. GIOI THIEU

Thiét bi khang chén béng chat long — TLD (Tuned
Liquid Damper) — dugc st dung rong rai trong nhiéu
linh vuc dic biét 1a nha cao tang vi dang thiét bi nay
¢6 nhiéu vu diém nhu ung dung dugc cho moi dang
cong trinh véi quy mé khac nhau, d& lp dit bao tri,
tdn it khong gian st dung. Thiét bi hoat dong dua trén
nguyén tic loi dung song chét long cuc dai khi hién
tuong cong hudng xay ra gitp dua cong trinh vé vi tri
ban dau. Cac nghién ctru trudc day vé dang thiét bi
nay thuong ding khang chan cho mode dao dong dau
tién va chi str dung mot bé chira c6 tan s6 bang tan sd \
co ban cia cong trinh. Tuy nhién ddi v6i mot sb cong )
trinh sy tham gia cia cac mode 2, 3... vao dao dong A\
kha 16n nén gan day, cac nghién ctru dd xem xét viéc

sit dung cac bé chua co tan sd khac nhau dé giam N D
\.

MTMD (Multiple Tuned Mass Damper) (Hinh 1).
Igusa va Xu d d& xudt hé gdm c6 cac giam chén khéi
lugng STMD (Single Tuned Mass Damper) c6 tan so
tu nhién phan b theo mot dai nao do xung quanh tan
sb tu nhién co s& cua két ciu. Hiéu qua cua MTMD da
dugc mod phong sd béi Yamaguchi va Harporncha
(1992) va cong thirc thiét ké cho MTMD di duoc dé
xuat boi Abe va Fujino [1]. Cac nghién ctru nay da
khing dinh hé MTMD c6 hiéu qua hon STMD théng
thuong khi diéu khién dao dong cho két cau.

Mo, o, ::

MN. Mn, Wn, :n

chén. Ngoai ra c6 mot han ché khong nho ctua hé
STLD (Single Tuned Liquid Damper) so voi hé nhiéu
bé chira MTLD (Multiple Tuned Liquid Damper) la
hé MTLD hoat dong trén mét dai tan so, con STLD
thi chi dya trén mot tan sb duy nhét, diéu nay c6 anh
huong rat 16n dén viée kich hoat sy 1am viéc cua thiét
bi khi dong dat xay ra.

Hinh 1. Két cAu duoc gin hé thiét bi MTMD

Céc nghién ciru nay 1a nén tang cho ¥ tuong

Hé thiét bi khang chan bang chat long da tan sb
dugc phat trién dua tren nén tang nghién ctu cua
Igusa va Xu (1990) vé giam chan da khdi lugng

nghién ctru hé giam chan chat 1ong da tan s6 (MTLD)
Hinh 2 cua Fujino va LM Sun [2]. K&t qua chi ra dugc
hi€u qua cia MTLD so véi hé STLD.
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(1)

Hinh 2. M6 hinh thi nghiém MTLD

Di ¢ kha nhiéu nghién ctru 1y thuyét trong viée
giai quyét bai toan khang chin bang chit long ¢ tai
Viét Nam trong thoi gian gan ddy v6i cong trinh nha
cao ting Puc Tuong [3] hay Nguyén Bic Thi Thu
Dinh [4], ddc biét van dé thi nghiém dé do dac gin
nhu chua dugc thyc hién ¢ phia Nam do co nhiéu han
ché vé thiét bi cong nghé, chi phi v.v... Cac nghién
ctru trude day chu yéu tap trung vao ly thuyet sO va
giai quyét cac bai toan bang cac cong cu phin mém
nghién ctru nhu Ansys, Adina v.v..

Tuy nhién c6 mot s6 han ché nhét dinh cho viéc
giai quyet bai toan khang chan cong trinh nha cao ting
nén can su kiém dinh bang dinh luong dé co thé danh
gia kha ning khang chin ciia bé chira chit long lam
viéc nhu thiét bi giam chin TLD [5]. Nhu trong
nghién ctru giam dao dong cho thap cau diy ving cua
Nguyén Dtc Thi Thu Dinh [4], st dung phan mém
Midas Civil d& mo phong két hop véi thuc nghiém,
trong do chi xem xet phan dao dong cia mo tru cau va
mo try dugc md hinh 1a mdt cot thép td hop hinh
ch@t H, nhung mé hinh nay ciling con boc 10 mot sb
khuyét diém riéng.

Do d6, vin dé dat ra trong bai bado nay va dugc
nhom tac gia giai quyét 1a nghién ctru giam dao dong
cho két cdu nha cao ting bang mé phong sb sau do
thyc nghiém dugc tién hanh trén nén tang ly thuyét
cia Fujino va Sun [1]. M6 hinh khung thép 1 tang
thiét 1ap nhu hinh 3, kiém chimg kha niang khang chin
ctia MTLD khi cho co hé chiu nhiéu loai tai trong tac
dung nhu tai diéu hoa, tai dong dét trén ban rung tu
ché tao tai Khoa Xay dung, truong DPai hoc Su pham
K§ thuat TP.HCM

Hinh 3. Mo hinh thi nghiém giam chén

2. TAN SO DAO PONG CUA BE CHUA
2.1. Phwong phap gidi tich
Cong thuc tinh tan s6 song chét 16ng trong bé.

4

o

Hinh 4. Bé chtra chét 1ong don tin
:l"ﬁn s6 dao dong riéng cua TLD [5] theo tiéu
chuan chau Au EN 1998-4 2006 la:
1 (=g h
=—,[—tanh(—
S 2z \ 2a (Za)

Véi bé chira ¢6 kich thude 2a = 0.59m va chiéu
cao muc nudc h = 0.03m thi tan s6 TLD la

1 [79.81 7x0.03
= tanhi
S 2 \/0.59 ( 0.59

2.2. Phuong phip Phin Tir Hiru Han

) = 0.4578(Hz)

Pé kiém tra mirc d6 chinh xac cta cong thirc giai
tich thi phan mém Ansys dugc st dung dé mo phong
bé chira chat 1ong. Khi ay, chat 16ng trén thanh bé xem
nhu chi co chuyén vi UY, con UX = 0. bay bé ton tai
chuyén vi UX trong khi d6 UY = 0. Mit thoang tu do
c6 ca UX 1an UY.

Bang 1. So sanh tin s6 tw nhién theo giai tich

va FEM
FEM véi ludi phén tir (n x m) Gidi tich
1a1 11C
fTLD | 6x2 | 6x3 | 59x3 |118x6
(Hz)
0.6012 | 0.5529 | 0.4603 | 0.4578 | 0.4578
Sai s
%) 3132 | 2077 | 1.13 | 0.00

trong d6 nxm 1a s6 phan tir chat 16ng theo phuong
ngang va phuong ding. Va dao dong dau tién ctua bé
c6 dang nhu trong hinh 5.

Mit thoang chat 1ong

—
N

Hinh 5. Dang dao dong ty nhién tha nhét ciia TLD
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Mirc d6 chinh xac cua phuong phap PTHH la rat
cao, va do chinh xac nay phu thudc vao ludi chia phﬁn
tir. Khi sb phﬁn ti dugc roi rac cang nhiéu thi do
chinh x4c cang cao, nhung kéo theo d6 1a thoi gian 1an
dung lugng bd nhéd cho viée giai bai toan ciing ting
1én, tuy nhién tiy vao timg muc dich khac nhau ma sb
phan tir dugc roi rac cling khac nhau. O ddy, dé dam
bao mirc d§ chinh xac cho bai toan nghién ctru thi ludi
phan tir 118 x 6 (twong (mg mdi phan tir chit long co
kich thuéce 1a 0.005m) duogc lwa chon.

Pé kiém chung thém vé mirc do chinh xac cia
Ansys ciing nhu FEM, tac gia khao sat thém vé ty s6
chiéu cao myc nudc trén bé rong bé h/L bang cach xét
hai trudng hop bé chira c6 bé rong lan luot 1a L =1m
va L =4m voity sb h/L thay doi tir bé dén 1om.

Truong hop 1: Bé chira ¢6 L =2a =1(m).

Bing 2. So sanh tin s tw nhién theo giai tich
va theo FEM cho bé c6 bé rong L = 1m

Truomg hop 2: Bé chita ¢6 L =2a = 4(m).

Bang 3. So sanh tin s6 tw nhién theo giai tich
va theo FEM cho bé c6 bé rgng L = 4m

Chléu A A A
£ - Tan so Tan .
cao chat Ludi £ Sai
16ne h han to L/h gidi sO 8o
gh | phantu tich | FEM | °7°
(m)
0.25 80x5 16 0.195 | 0.196 | 0.51
0.20 100x5 | 20 0.174 | 0.175 | 0.51
0.16 100x4 | 25 0.156 | 0.156 | 0.00
0.10 200x5 | 40 0.123 | 0.125 | 0.26
0.08 800x4 | 50 0.111 | 0.111 | 0.30

Chiéu Tan Sai
, . L g ai
cao chat Ludi so | Tan so B
\ ~ .. | Lh )
longh | phan ta giai | FEM
> %
(m) tich
0.20 50x10 | 5.00 | 0.659 | 0.659 | 0.00
0.15 67x10 | 6.67 | 0.586 | 0.586 | 0.01
0.08 100x 8 | 12.50 | 0.438 | 0.439 | 0.01
0.06 91x6 | 18.18 | 0.365 | 0.368 | 0.02
0.04 100x 4 | 25.00 | 0.312 | 0.315 | 0.01
0.02 100x 5 50 |0.221 | 0.223 | 0.00
Tén s tw nhién bé music rong lm
07
0.65 +
06
£ 0.5
& 051
E 045 1
2 041
#0.35
03 A
025 : : : :
02 T T T T
0 10 20 30 40 50
TyséLh

——Graitich —8—FEM

Hinh 6. Tan sb tu nhién trong bé chtra rong 1m

Tin sé tir nhién ciia bé nwéc réng 4m

(1)
i

by ] A
Tin st trnhién (He

Ty séLh

—e— (iiai tich —=—FEM

Hinh 7. Tan sb ty nhién trong bé chira rong 4m

Dua vao d6 thi ¢ hinh 6 va 7 c¢6 thé két luan rang
két qua tinh toan giai tich va FEM 1a hoan toan tuong
thich, phﬁn mém ANSYS c6 thé duoc ung dung dé
khao sat cho bai toan cong trinh co sir dung bé chua
chét 16ng nhu thiét bi khang chén.

3. KHA NANG KHANG CHAN CUA TLD

Phan tich cong trinh thép dudi tac dung cua tai trong
didu hoa va chiu anh huéng cia dong dat
El Centro khi sir dung bé nuéc mai nhu thiét bi giam
chin. Phuong phap s Newmark dugc ding dé phén tich
dao dong cua cong trinh trén mién thoi gian.
Quy mo cong trinh ¢6 mot nhip va cao 15 ting, mdi tang
cao Sm véi cac dac trung sau: ddm cot tiét dién
bxh=0.6mx0.8m, vat liéu thép c6 module dan hoi,
khéi luong riéng va hé sb poisson lan luot la
E=21x10"N/m*, p, =7800kg/m’, v=0.3.
Tan s6 dao dong ti nhién co ban ciia hé khi chua sir dung
TLD la f, =0.70873Hz . Tir két lun ciia Sun et al.

(1992), co ché hoat dong ciia TLD twong ty nhu TMD do
do ta thi€t ke bé chat long thoa man cac di€u kién sau:

= Khéi luong ctia TLD khoang 1/100 hé.
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= Tan s dao dong tu nhién cta song chat long gan
bang tan so ri€ng cia cong trinh.
Trong lugng cia TLD lya chon la:
1

100
= yxgxbxh, =9810xh,xh,).

P.,= =6685N (trong lugng TLD xac

khung

dinh boi P,

= Tan s0 bé chira f,, bang tan s6 khung f;:

t ahl Zh h
bt bt

~ f. =0.70873 (Hz).

1
fTLD =5

Nhu vay bai toan thiét ké con hai an s 14 bé rong
TLD b, va chiéu cao myc nuéc h /» cung lac d6 ciing
¢6 hai phuong trinh d& tim nghiém. Giai hé hai
phuong trinh trén thu dugc nghiém gan dung la:

b =12m, h; =0.5m (1)
Khi 6 tan sé dao dong TLD la:
fup =0.749Hz )

Dau tién phan tich hé két cdu dudi tac dung cua tai
trong diéu hoa P = P,sinwt =1000sinwt(N) trén
mién tan sé tr 0 = 1.2Hz dé c6 dugc dap tmg cua
cOng trinh trén mién tan so. Két qua phan tich dugc
thé hién trén Hinh 4.

o
=
&

o
=
3

m)

dé (
=
S =

o
>
b=

I
|
|
|
4
|
|
|
|
|
|
|
|

Dap ung bién d¢

S €
=
[S3

=
=

[ R A

j -
an

o
S
o
N
SaR
3
=3
5}

0.0 0.2
Tén s6 (Hz)

Khong o6 TLD ===C5 TLD |

Hinh 8. Dap ung dao dong dinh khi khéng va c6 TLD

Hinh 8 cho thiy khi khong sir dung TLD thi bién
dd dao dong cuc dai cua dinh khung (0.072m) dat
duoc khi tan sb luc kich thich bﬁng tan sb riéng cia hé
(0.71Hz). Mat khac, cong trinh sir dung TLD thi dap
mg dao dong dinh khung giam dén 3.6 1an (0.02m),
va sy cong huong lac ndy xay ra & mot tan sb khac
(0.94Hz).

Sau d6 bai toan phan tich trén mién thoi gian dugc
tién hanh cho cong trinh chju anh huong dong dat
El - Centro. Két qua thé hién ¢ Hinh 9 va 10 nhu sau.

0.30
0.25
0.20
0.15
0.10
0.05 1-4
0.00 TR
0.05 -

0.10 4
0.15 4
0.20 4
0.25

Chuyén vi dinh (m)

Thai gian (s)

C8 TLD — — — Khong eo TLD |

Hinh 9. So sanh chuyén vi dinh cong trinh

Cao d9 (m)

-2500 -1500 -500 500 1500 2500
Mz (kNm)

Hinh 10. So sanh mémen Mz phia trai khung

Do thi Hinh 9 cho thay chuyén vi dinh cta cong
trinh da giam di dang ké dén 80% khi hé dao dong 6n
dinh, con momen ngi lyc trong cot giam 25% (Hinh
10). Tir 6 cho thdy su hiéu qua kha tot cua viéc sir
dung TLD nhu giai phap khang chén cho cong trinh.

4. BO TRi THi NGHIEM

Co so dé thi nghiém mot cong trinh bang thép quy
mb 15 ting nhu ¢ phan 3 trong phong th1 nghlem la
béang cach che tao mot khung don glan c6 tan sb twong
duong tan s6 khung 15 tang va tién hanh diéu khién
dao dong khung nay bang hé TLD.

M6 hinh thi nghiém gdm mét khung thép hinh chir
nhat véi mot tim thép san va bdn chan cot thép.
Khung két cAu lién két vai hé TLD b tri tai dinh san
dugc thé hién nhu trén hinh 11. Toan bd hé khung —
TLD chiu chuyén vi cudng btc theo phuwong ngang
nh¢ ban rung dugc lién két tai chan cot cua hé. Kich
thudc cia khung thép va hé can TLD lan luot cho tai
bang 1 va bang 2. Chuyén vi dinh cua san dugc do
béng thlet bi cam bién chuyén vi, thong qua bd truyén
tin hiéu vé may tinh. Dir liéu truyén vé s& duoc xt ly
bang phan mém phan tich dao dong dé xir ly két qua
thue nghiém.
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i i
AN LN =

PR . C A i . W .y e g <A A
L i & Ung xtr cua khung khi ¢6 TLD véi cac chiéu sau
l - nudc khac nhau.

| Biéntan , , . . ,
- Két qua phan tich chuyén vi khung véi ti s6 can

\ 4 ( §=0.5% c6 tich hop bé nuéc TLD véi cac chidu sau
;" < . thay doi h = Ocm; 4.5cm; 10cm; 19cm trong thoi gian

' > t = 40s duoc thé hién trén hinh 14, khi ay dinh khung
chiu chuyén vi cudng birc X =40mm tai dinh san va
tha dao dong tu do. Thuc nghiém nhiéu lan do dé xac
dinh két qua phu hop, loai bo nhimg truong hop co budc
nhéy qua 16n gay ra do sai sb trong qua trinh thi nghiém.

TLD, h=0cm TLD. h=4.5cm TLD. h=10cm TLD, h=19cm

CHUYEN VI (MM)

el

Hinh 12. Bién tan (a) va dong co (b)
Béng 4. Kich thuéc hinh hgc ciia khung thép THOTEIAN®
BS Kich thuéc (mm) Hinh 14. Chuyén vi tai dinh san theo thoi gian
STT 9 DPuong . .. bang thuc nghiém vai chiéu cao nudc khac nhau
phan Kinh/Da Rong Dai , , .
Inyay Hinh 14 cho thay vigc bo tri bé chat long vao
L. Cot 10 520 1100 khung két cau ca 4 truong hop déu c6 tac dung lam
2. San 5 650 650 giam chuyén vi, va tat dan nhanh chong cho cong

) . o Loz trinh. Tuy nhién, hiéu qua nay phu thudc vao chiéu
Bang 5. Kich thwde hinh hgc cia bé chira don TLD sdu muc nudc trong bé, cu thé nhu h = 4.5cm,
Kich thuéc (mm) h = 10cm, h = 19cm lan lugt khoang 60%, 70%, va
30% d6 giam chuyén vi so v6i hé khung-TLD khong
chtra nuéce. Khac biét 16n giira loai h = 19cm so voi
200 300 5 2 loai con lai 1a do hé nay thudc hé TLD nudc siu
(/L > 1/2) trong khi h = 4.5cm, h = 10cm déu 1a hé
TLD nuéc nong (h/L < 1/2). Bbi v6i bé nudc sau, khi
chiu kich thich, phan 16n nuéc khong tham gia vao
can co hoc (ma sat voi cac 16p bién va chuyén dong
dap dénh cua song trén bé mit).

S6 luong bé -
Cao Rong Dai Day

Mait khac, can co hoc trong bé nude chu yéu duoc
thé hién thong qua chuyén dong dap dénh cuia song bé
mat, day cling chinh Ia dac trung thé hién su khac biét
gitta hé TLD va TMD truyén thong. Do viy, su tao
song tai mat thoang dong vai tro quyét dinh dén kha
nang giam chan cia thiét bi. Diéu nay 1a phu hop véi
cac két luan cia Jorgen Krabbenhoft. [2]

. . Bén canh do, trong mién bién do 16n, kha ning

b - Kich thuéc TLD : ’ : ’ .2
1t Huoe can cua h¢ TLD khong cao. Nguyén nhan 1a ¢ giai
doan nay xay ra hién tuong song vo tai bé mat, su lién

Hinh 13. M6 hinh thi nghi€ém va TLD tuc bi pha vd, can co hoc lic nay cha yéu la do chuyén

a - Khung thép véi ban
rung bén dudi
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dong noi cua chat 16ng gay ra, ma ban than can ndi cua
nudc rat thap boi vi tinh nhét ciia nudc yéu.

5. ANH HUONG CUA TUONG TAC RAN LONG
TRONG TLD

Vén dé nay rat dugc quan tdm trong cac nghién
ctru gan ddy. Nguyén nhan 1a thiét bi khong hoat dong
hodc bé chtra bi hu hong mic du tai trong chua dat
dén cép do thiét ké. Gradsincak di ung dung phan
mém Ansys dé tinh toan va dua ra cic nhan xét ciing
nhu kién nghi cho k¥ sur thiét ké khi mg dung bé chura
chat 1ong nhu thiét bi giam chin [6], md hinh md
phong bé chira duoc thé hién & hinh 15.

Fluid Element Free Surface Fluid Element
) 3 Fluid-Structure
‘ Fre oror g Interaction
! \ : -
! N Elements
Rigid wall || | o
4 J‘ ‘ €

1 :

L | :

- —
EXCITATION

Hinh 15. M6 hinh tuong téc ran 1ong trong bé chira

Pé don gian hoa trong viéc tinh toan thiét ké bé
chua khi xét dén van d¢ tuong tac ran long thi mod
hinh giai tich dugc nghién ctru rat nhi€u [7], trong d6
thanh phan chét long m, dugc xem nhu lién két cling
vao 2 bén thanh bé, thanh phan séng chét 1ong bé mat
m, lién két 10 xo vao thanh bé, va cudi cung hiéu ung
tuong téc ran long m, duge ké dén tuong tw nhu m,, .
Diéu nay duoc thé hién qua mo hinh ¢ hinh 16.

Ue

we . ¢
T

rhe ] he
R L

.
‘_4_~

ugr

Hinh 16. M6 hinh giai tich xét twong tac ran — 1ong

Twr nhan xét ¢6 sy lién hé gitra d6 cliing thanh dén
tan s6 dao dong ty nhién cua bé thong qua sy tuong
tac giita chit long va thanh bé. Bai bao dé xuat sir
dung hé s6 w nham khao sat sy twong quan giira do
clg thanh bé va tan sb ty nhién ciia séng. Ngoai ra
thong qua hé sé nay co thé thiy giéi han do clng
thanh dé phén biét giita bé cting va bé mém, hé sb nay
duoc cho bai:

3
tank
3
liquid

w=Ex

trong d6 7, la do day thanh bé, A, ., la chiéu cao

muc nudc trong be. faid

Ung véi mdi hé s6 twong quan khac nhau s& c6 tan
s6 dao dong riéng cia bé khac nhau. Bén loai bé véi
d6 day thanh ¢ khac nhau 1a T0.59x0.03 (chiéu rong
bé 0.59m, chiéu cao chét long 0.03m), T1.00x0.10,
T3.00x0.20 va T6.00x0.50 duoc khao sat dé so sanh

tan so0 dao dong riéng.

50 T T i

T
45 | | |
| | |

0 0.1 0.2 0.3 04 0.5

Tan sé (Hz)

‘ —— Thanh b& mém === Thanh bé& tuyét déi ctng ‘

Hinh 17. Anh huéng ctia &6 ctng thanh dén tan s6
bé T0.59x0.03

Hé sb twong quan

0.15 0.2 0.25 0.3 0.35
Tén sb (Hz)

| —— Thanh bé mém === "Thanh bé tuyt déi cimng |

Hinh 18. Anh hudng cta d6 ctng thanh
dén tan sb bé T1.00x0.10

50 I
45

835
&30
;

15 &
@10
= OV od

5 ¢
fo—o it -

0,15 0,17 0,19 0,21 0,23 0,25
Tan so (Hz)

| —— Thanh bé mém —®— Thanh bé tuyét dbi mg

Hinh 19. Anh hudng cta d6 ctng thanh
dén tan sb bé T3.00x0.20
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Hé sb tuong quan
N
(4]
T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L
|

0 0.05 0.1 0.15 0.2
Tén s6 (Hz)

| —— Thanh bé mém === "Thanh bé tuyt di cimng |

Hinh 20. Anh huéng cta do cing thanh
dén tan s bé T6.00x0.50

Tir d6 thi & cac Hinh 17, 18, 19, 20 ¢6 thé nhan
thdy rang khi hé s6 tuong quan cang lon thi tan s6
riéng cta bé thanh mém cang gan tan s riéng cua bé
tuyét 601 cing. Ngoai ra khi h¢ so turong quan 16n hon
50 thi tan s6 tu nhién ciia bé bang tin s ty nhién theo
giai tich.

6. KET LUAN

Nghién ctru tép trung giai quyet véan dé tinh toan
tan sb ctia bé chtra chat long bang giai tich va phuong
phap phan tir hiru han. Két qua cho thiy, cong thirc
giai tich don gian hoan toan phu hop voi phuong phap
phan tir hitu han.

Phan mém Ansys duoc kiém chimg chinh xac khi
xac dinh tan s6 bé chira va ding dé kiém tra kha nang
khang chan cua thiét bi, két qua cho thay TLD gitip
giam dang ké chuyén vi dinh cua cong trinh ciing nhu
mo men xuét hién trong két ciu khung.

Ban rung duoc ché tao véi mac d6 chinh xac cao
dung dugc trong nghién ctru. Hé can chét 1ong TLD
lam gia ting hiéu qua can cong trinh. Chuyén vi ciia

két chu giam hon 70% khi str dung TLD nhu thiét bi
khang chan.

Vén dé tuong tac ran long phai duoc xem xét ky
cang khi thiét ké bé chira 1ong noi chung va TLD noi
riéng nham dam bao tan s6 bé chua khong bi thay doi
va anh huong dén sy lam viée cua thiét bi giam chin
bang chét long.
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PHAN TiCH UNG XU PHI TUYEN KHUNG THEP PHANG SMRF CHIU
PONG PAT BANG PHUONG PHAP MPA CO XET PEN PHI TUYEN HINH HQC
NONLINEAR SEISMIC RESPONSES OF SMRF STEEL FRAMES USING MPA
METHOD CONSIDERING GEOMETRICAL NONLINEARITY

Dd Trong Nghia', Nguyén Hong An?, Lé Thi Bach Tuyét’
! Khoa Xay dung, Pai hoc Xéy dung Mién Tdy, Email: dotrongnghia@mtu.edu.vn
? Khoa Ky thudt Xay dung, Trieong Pai hoc Bich Khoa TP.HCM, Email: annguyenbk@gmail.com
3 Khoa K7 thudt Ha tang D6 thi, Pai hoc Xdy dung Mién Tdy, Email: lethibachtuyet@mtu.edu.vn

TOM TAT: Muc tiéu cta nghién ctru nham cai thién co s kién thic vé ung xir dia chan dbi voi cac ket céu khung thep
chiu moment (SMRF), xem x¢ét ¢ cac khu vyc dong dat khac nhau va cac bo dao dong nén c6 dic diém vé cuong do va tan
sO cling khac nhau. Hién nay, phan tich tinh phi tuyén dang tré thanh mot cong cu phd bién dé danh gia hoat dong dia chan
clia céc két chu SMRF méi va dang ton tai. Mic di phan tich phan tmg phi tuyén theo mién thoi gian (NL_RHA) dugc coi
1a phuwong phap chinh x4c nhét dé xac dinh phan ing ciia mot két cdu chiu dong dat véi cudng do manh, né chi dugce thyc
hién boi cac ki su ¢6 trinh d6 cao va tén nhiéu thoi gian cho viéc thiét ké két cau va danh gia cac du an. Phuong phép tinh
phi tuyén hoic phan tich day dan vi vay tro thanh phuong phap pho bién dé d4nh gia phan tmg cho cac toa nha co xét dén
cac ung xu phi tuyén. Trong nhiing nim gan dy d4 c6 nhitng nd luc dé cai thién tinh chinh xac ciia phuong phéap tinh phi
tuyén nhu phuong phap phan tich c6 xét sy tham gia cua cac dao dong cao (MPA). Ddy ciing 1a phucng phap duoc s dung
trong nghlen clru nay va két qua cho thay phuong phap MPA du chinh xac dé ing dung vao thiét ké va danh gi4 dia chan
cho két cAu cac toa nha SMRF.

TU KHOA: Khung thép chiu moment, phan tich phi tuyén theo mién thoi gian, phan tich ddy dan chuan, phan tich tinh phi
tuyén, dia chan.

ABSTRACT: The objective of this research is to improve the knowledge base on the seismic behavior of typical Steel
Moment Resisting Frame structures (SMRF), considering regions of different seismicity and sets of ground motions of
various intensities and frequency characteristics. Nowaday, the nonlinear static analysis is becoming a popular tool for
seismic performance evaluation of existing and new SMRF structures. Although nonlinear response history analysis
(NL_RHA) is considered to be the most rigorous method to determine responses of the earthquake-resistant structures with
strong intensity, it can only be undertaken by highly qualified engineers and may be too time-consuming for typical
structural design and project evaluation. Therefore, the nonlinear static procedure (or pushover analysis) has been
becoming a popular method to estimate building responses considering inelastic behavior. In recent years, there have been
much attempts to improve the accuracy of nonlinear static procedures such as Modal Pushover Analysis (MPA) method.
This method has been used in this study, and the research results showed that the modal pushover analysis procedure is
accurate enough to apply to seismic design and evaluation for the structure of SMRF buildings.

KEYWORDS: Steel Moment Resting Frame, Standard Pushover Analysis, Modal Pushover Analysis, Nonlinear Response
History Analysis, seimic.

1. GIOI THIEU thiét ké khang chan cho ba vi tri 1a Los Angeles,
Seattle va Boston. Mdi dia diém st dung cac loai gia
tbc nén khiac nhau dé phan tich phan tng dia chan.
Khung thép chiu moment (SMRF) 1a mot dang két cdu

Phuong phap MPA duoc dé xuit boi Chopra va
Goel (2002) [1] dugc chimg minh c6 nhiéu cai tién
hon so véi phuong phap tinh phi tuyén duoc moé ta
trong FEMA-356 [2] va ATC-40 [3]. Pay la phuong chju tai trong ngang boi dia chan dugc st dung pho
phép tinh sir dung luc ngang dua trén dang dao dong bién trong thiét ké nha cao tang. Khi c6 dong dat
va 6 xét dén déng gop ciia cic dang dao dong bac Xy ra thi loai ket cau ndy c6 cac phan ti cot va
cao. Nguydn H.A. va cong su di sir dung phuong dam cﬁpg ,chu} moment,.déy. la d{ém khac b{ét voi
phap ndy vao viéc danh gid dia chin cho két cau cAc loai ket cau thép chiu dia chan khdc. D¢ danh
khung giang [4, 5]. Gan ddy ciing co nhiéu tac gia g}é do ch1nh~ Xac cua phl’I.OIlg phap MITA’ kft qua
trong va ngoai nudc di s dung phuong phap nay tmh} duge sé SO sanh voi PhuonAg p’hap day di,‘n
trong nghién ctru ctia ho va cho két qua dang tin cay chuan @PA) va phuong phip phan tich phi tuyén
[5, 6]. Trong pham vi nghién ctru cia bai béo, cac tac ~ theo mién thoi gian (NL-RHA).
gia st dung két cau khung SMRF 3 va 20 tang dugc
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2. CAC PHUONG PHAP PHAN TIiCH [6]

2.1. Phwong phap phin tich theo mién thoi gian
(NL-RHA)

Phuong phap phan tich phi tuyén theo mién thoi
gian duoc )}éc dinh dua trén phuong trinh dong luc
hoc phi tuyén:

mii + cu +f (u, signi) = —muii,, () (1)

Trong d6: u 1a vector clia chuyén vi; m va ¢ 1a ma
tran khoi lugng va ma tran can cia hé; 1 1a vector anh
huéng ma moi phan tir bang mot don vi.

2.2. Phuong phap diy dan chuin (SPA)

Phuong phap ddy dan chuin chua co co so 1y
thuyét nghiém ngit va c6 thé khong chinh xac néu tai
phan phdi gia dinh 1a khong chinh x4c. Dya vao quan
hé¢ gita luc cat day va chuyén vi dinh dé v& duong
cong day dan. Khi két hop v6i quang phd phan tng
thiét ké s& tim dwoc chuyén vi muc tiéu. Noi dung cua
phuong phap nay duoc trinh bay trong bao cdo cua
M.S Williams and F.Albermani. [7]

2.3. Phwong phap MPA

Trong nghién clru nay cac tac gia da st dung
phuong phap MPA do Chopra va Goel d¢ xuat va tom
tat theo cac budc sau:

Bude 1. Tinh céc tan sb tu nhién , , va cac dang
dao dong (mode shape) ¢, , ciia cac cong trinh dan hoi
tuyén tinh.

Bude 2. DBbi voi dang dao dong thtr n, xay dung
duong cong pushover bi€u dién moi quan hé gitra lyc
cit day - chuyén vi mai (V,, —u,,) bang phan tich
tlnh phi tuyén cta cong trinh, dung luc phan phdi

) =md,.

Budc 3. Ly tudng héa dudng cong pushover nhu
mot duong cong song tuyén tinh (Hinh 1a).

Buoc 4. Chuyen dbi duong cong ly tuong
pushover qua mdi quan hé luc - bién dang

F,, /L, — D, ciahé mt bac tu do ‘tu:ong duong cho
dang dao dong thtr n khong dan héi (Hinh 1b) boi
cong thirc

Ey _Vh, o
L, M,

u
D =—"= 3

Buérc 5. Tinh bién dang dinh D, = max | D, (¢) |
cua hé mdt bac tu do khong dan hdi tuong duong do
Iyc kich thich nén #i g (t) bang cac phuong trinh phi

tuyén sau:

.. . F
D, +2¢,0,D, + L—”’ =

n

—ii, (¢) 4)

Buéc 6. Tinh toan chuyén vi dinh u,,, cia hé
nhi€u bac ty do ung vdi mode thir n hé khong dan hoi
tir cong thie u,,, =", @, D, 5

Buée 7. Rit ra két qua phan g mong mudn, s
dit liéu pushover khi chuyén vi mai bang chuyén vi
u}’I’lO :

Buoc 8. Lap lai budce 2 dén bude 7 cho nhiéu dang

cong trinh.

Buée 9. Xac dinh phan ung tong, Tvipa » béng

cach két hop phan tng ctiia nhiéu dang dao dong theo
to hop SRSS:

(6)

Pvpa =

Véi j 1a s6 dang dao dong tham gia. Tinh tai va
anh hudng P—A gduoc k& dén trong phan tich
pushover cho tat ca cac dang dao dong. Téng chuyen
vi va d6 trdi tang dugc tinh toan bang cach két hop
cac gid tri thu duogc tr phan tich duong cong
pushover.

4
Ly tudng
¥
Yon £ L
5 Thuc
=
kﬂ
.
Um
(2) U
4
¥ -
Vbn'i Mn ; 0y
-.F
.
&
N 2
mﬂ
;
Dy

(&) D,{: u;?/rn Orq

Hinh 1: Hé SDF khéng dan hoi tir duong cong day dan:
(a) Ly tuong hoa duong cong day dan;
(b) Quan h¢ gitra lyc - chuyén vi ciia hé SDF
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3. MO HINH TINH TOAN VA DAO PONG NEN

3.1. M6 hinh tinh toan

Str dung mo hinh khung thép phing 3 va 20 ting
duoc thiét ké khang chan cho ba vi tri 1a Los Angeles,
Seattle va Boston. Cac md hinh va tiét dién nay dugc
Akshay Gupta va Helmut Krawinkler [8] lya chon
nghién ctru nam 1999. Viéc danh gia hi¢u suét cua hé
thong két cdu SMRF 1a mot trong nhitng muc tiéu
quan trong trong dy an SAC.
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Hinh 2. M5 hinh khung 20 ting

Bang 1. Tiét dién khung 20 tang

Dam Cot
STT Tiét Dién STT Tiét Dién
(1) W30x99 (a) W24x335
2) W30x108 (b) W24x229
3) W27x84 (c) W24x192
4) W24x62 (d) W24x131
(5) W21x50 (e) W24x117
) W24x84
(2) 15x15%2
(h) 15x15x1.25
(1) 15x15x1
) 15x15x0.75
k) 15x15x0.5
13 14 15 16
@ ® © ® @
g 9 10 11 12
3 @
g 5@ 5|2 7 |®@ ?
) @
@ ® ® @
1 2. 3l AL
4@ 9.15m
Hinh 3. M6 hinh khung 3 ting
Bang 2. Tiét dién khung 3 tang
Dam Cot
STT Tiét Dién STT Tiét Dién
(1) W33x118 (a) W14x257
Q) W30x116 (b) W14x311
(3) W24x68
3.2. Dao dong nén

Céc b dao dong nén duge trinh bay & cac cép do
rui ro khac nhau cho ba vi tri dia Iy Los Angeles,
Seattle va Boston véi chu ky 2475 nim (2% x4c suét
xay ra trong 50 nam, goi la cac bd 2/50). Cac b dao
dong nay duogc chon lya dé tinh toan cho du 4n nghién
ctru SAC va trinh bay trong Bang 3.

Bang 3. Dir li¢u cac tran dong dat tan suit xiy ra
2% trong 50 nam

Ten Thong tin Cuong | Khoang | PGA
ghi nhan d6 | cach (km)| (cm/s?)

LA27 {1994 Northridge| 6,7 6,4 908,7

La3 | Elysian Park 7.1 17,5 | 1163.5
(simulated)

oy | Simulation, |/ 30 | 309,99
foot wall

BO27 | Nahanni, 1985 | o 9.6 | 246,99
Station 1

SE21 (1992 Mendocino| 7,1 8.5 741,13

SE29 | 1985 Valpariso | 8 42 1605,5
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4. KET QUA PHAN TiCH

Mot sé qui wdc chung vé& d¢ troi tang trong viée
xac dinh phan tng dia chin cho ba vi tri dia Iy Los
Angeles, Seattle va Boston nhu sau:

ANL—RHA : Agpyva Apipa

Ty sb phan tng dugc dinh nghia:

Aspa =Dspa ! Anp_rira 3 Dvpa = Baps ! Dy s
Gia tri trung binh cta cac phan ung nhén dugc tur
* *
Aspgs Dppas Anp-rias Dspa V& Aypy thi duge

xac dinh theo cong thuc:

' 2 nx )

X =exp
n

4.1. Cac dang dao dong tham gia tinh toan

Pé dam bao cho viéc tinh toan duoc hiéu qua,
khong tén nhiéu tai nguyén, c6 thé chon tong sb dao
dong tham gia sao cho tong khdi lwong (M) cho céc
‘mode’ dat tir 90% tré 1én.

Bang 4. Thanh phan khéi lwgng tham gia
cho tirng mode

Khéi lugng tham gia cia tirng mode
Mode ‘Boston ‘ ‘ Seattle ‘ L(?s Angel‘es
3 ting |20 ting|3 tang|20 tang|3 tang|20 tang
1 0,84 | 0,71 | 0,82 | 0,68 | 0,83 | 0,72
2 0,13 | 0,14 | 0,14 | 0,19 | 0,14 | 0,14
3 0,04 0,02 0,03
4 0,02 0,02 0,02
5 0,01
I\E?f,;)g) 97,0 | 91,0 | 96,0 | 92,0 [ 97,0 | 91,0

4.2. Chuyén vi dinh

Khi tinh toan chuyén vi dinh c6 ké dén su tham
gia cua cac dao dong nén xay ra v6i xac sudt 10%
trong 50 nam (Boston 02, 14; Seattle 02, 11; Los
Angeles 01, 09). Két qua cho thay chuyén vi dinh véi
cac dao dong nén nay nho hon két qua cia cac dao
dong nén xay ra véi xac suat 2% trong 50 nam. Céc
toa nha ¢ Boston lam viéc trong mién dan hoi cho tat
ca cac dao dong nén. O Seattle va Los Angeles hiu
hét cac chuyén vi déu nim ngoai giéi han dan hoi,
duoc thé hién trong Hinh 4, Hinh 5a va Hinh 5b.
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Boston Seattle
1600 4000 -
1400 4 3500 | _-,_.—-—-""""‘—H
1200 50004
51000 | 52500 |
~ 800 4 =000
-2 s —— Pushover g —— Pushover
= 600 —8—B002 =150 —8—SEQ2
400 4 ==B014 1000 SE11
i BO21 =i SE21
ek =—4=B027 501 e SE29
0 T 0+
00 05 10 00 05 1,0
Chuyén vi (m) Chuyén vi (m)
Los Angeles
7000
6000 -
5000 | /
@om |
33000 —— Pushover
—8—A01
2000 - LAGO
1000 i | A27
‘ ——A32
0+ T
0 05 1

Chuyén Vi (m)

Hinh 4. Chuyén vi dinh cta khung 3 ting

0+

Boston Seattle
6000
5000
4000
%om
3-
—— Pudiover 2000 —IS’IEIZ};owr
—#—B002 -
BO14 1000 SEll
X ——SE21
=SB0 i SE29
——B027 0 ‘
‘ ' 00 05 10 15
00 04 08 12 16 20 )
Chuyén vi (m) Chuyén vi (m)

Hinh 5a. Chuyén vi dinh ctia khung 20 tang

Los Angeles

4000 //_'

?500
%
=000 —— Pushover
100 —B—LA01
1000 LA09
500 - ———] AT
" A3

00 05 10 15
Chuyén vi (m)

Hinh 5b. Chuyén vi dinh cua khung 20 tang
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4.3. Chuyén vi ting

léch giira két qua tir phuwong phap MPA va SPA so voi

K&t qua chuyén vi tAng chia chidu cao nha (%) tr  Phuong phap NL_RHA. Nhu vay khi s6 tang cang cao

ba phuong phap dbi voi khung 3 tang (Hinh 6) gan
nhu nhau. Po6i véi khung 20 tang (Hinh 7) c6 su sai

thi sai s0 chuyén vi cang 16n va can phai xét dén su
dong gdp cua cac dang dao dong cao.

Boston Seattle Los Angeles
3 q a 3 q 3. ®m
2 A 1 2 4 2
‘g Kg 4§
& = =
1 1 1
—m—NL_RHA —@—NL_RHA —=—NL_RHA
—&—SPA —a&— SPA —a&— SPA
0D —o—MPA 0o —o— MPA 0 IE —o— MPA
0 1 0 2 4 0 2 4
C.Vi/C.Cao nha (%) C.Vi/C.Cao nha (%) C.Vi/C.Cao nha (%)
Hinh 6. Chuyén vi trung binh cua khung 3 tang
Boston SeattleLos Angeles
20 1 f 20 - 20 - 5
] /
iy y 18 | 181 9
16 3 16 16 ]1
14 4 : 14 14 ;
12 4 12 A 12 ;
,‘En 10 q g 10 4 ¢ ‘g 10
8 4 8 4 84 n
6 6 6 -
—a—NL_RHA a —=—NL_RHA
4 4 & 4 4 A r{ -
4 ——SPA { ——SPA
2 44 ——MPA 2 2 j —s—MPA
4 —— 0 04
0,0 02 0 2 4
C.Vi/C.Cao nha(%) C.Vi/C.Cao nha(%) C.VI/C.Cao nha(%)
Hinh 7. Chuyén vi trung binh cua khung 20 tang
4.4. DY troi tang Qua Hinh 8, Hinh 9a va Hinh 9b cho thdy do

Pé danh gia mot cach day da vé phan ung dia
chan d6i véi két cAu khung SMRF, s& xét dén gia tri
do troi tﬁng. N6 duoc xac dinh tir ti s6 chénh léch cua
chuyén vi chia cho chiéu cao ting theo cong thirc
bén dudi.

u —Uu
Aspr = —rH (8)
h
Trong do:
U, U,: lan Iugt 1a chuyén vi tang thir n+1 va n;

h: chicu cao tang

troi tﬁng cua cac hé khung SMRF khi chiu dia chin
khong vuot qua gia tri 4%. Tai cac khung 3 tang
két qua tr ba phuong phap SPA, MPA va
NL _RHA c6 sy sai khac khong nhiéu. Khung 20
tang co sy chénh léch kha 16n gitta phwong phap
SPA v6i MPA va NL_RHA. Két qua tir phuong
phap MPA tét hon két qua tir phwong phip SPA
vi n6 tiém can dén duong biéu dién cua phuong
phap NL_RHA.
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Boston Seattle Los Angeles
3 3 -
z 21
2 g
= B
1 4 1
= —NI_RHA —— NL_RHA
—4—SPA " —a—sPA
—C—MPA —o— MPA
0 . r°r 1 0 T
0 1 2 0 2 4
Bé tréi thng A (%) Do troi tang A(%)
Db trdi ting A(%)
Los Angeles
T Hinh 9b. D§ tréi tang trung binh ctia khung
20 tang & Los Angeles
Trong Hinh 10 va Hinh 11 trinh bay két qua do
2 A o AL AT _
5 | troi tang theo ty s0: Agpp = Agpr / Ay i -
Boston Seattle
g
‘F 3 . 3
1 4
—m— NL_RHA W
= —a—SPA 5] ] o
—o0—MPA
0 +—
o 2 4 34 g
Db tréi thng A (%) = . T
. A —4—SPA & —a—SPA
Hinh 8. B¢ trdi tang trung binh cua khung 3 tang _
. —o—MPA o , —o—MPA
Boston Seattle 012 01z

B3 tri tang A%(%)

B0 trdl tang A+ (%)

20 - 20 -
18 - 18
Los Angeles
16 - 16
3 -
14 14
12 12 ~ [
eh
£ 10 E 10 -
= = 5
8 4 8 -
6 - 6 - ).
—a—NL_RHA g
4 4 4 &
—a—SPA 1
2 2 4
——MPA
04— 0 +—m+—— Py —i—SPA
0 1 0 2 4
P tréi thng A (%) P troi tAng A (%) —o—MPA
0 1
01 2
Do troi tang A*(%)

Hinh 9a. D¢ trdi ting trung binh cta khung

20 ting & Boston va Seattle Hinh 10. Hé s6 d6 troi ting trung binh

ctia khung 3 tang
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Boston Seattle Boston Seattle
20 - 20 - L 2 5
i +1 »
18 + 18 f . 1,6 p o
16 - 16 A [ E_LZ 1 E_?' )
14 14 IT, éo'g l ;'?/‘ é 27
I 0,4 14
12 A 12 l .
| R e —
«gm i 4 «E 10 4 0 0408 12 16 2 0 1 2 3 4 5
: L NL RHA NL_RHA
8 I 8 - }\, -
6 'ii 61 1
4 [ B 4 ? —e—spn ——NL_RHA —— WL
2 4 ; 2.4 f A SPA A SEA
i | —:_‘MPA o 1 _"_IMPA MPA MPA
0 1 2 0 1 2
Db troi tang A= (%) Do troi ting A+ (%)
Los Angeles
Los Angeles F
20 - I < 3 o
18 - =, 7
-
=9
16 4 2.9 +
14 - 0 —
0 1 2 3 4
12 NL_RHA
EI 10 |
=
8 ——NL_RHA
& - A SPA
4 '+ MPA
—+—SPA
2 4 1
\ o MPA . Y . I T ST
o A : Hinh 12. B9 tr6i tang 16n nhat ¢ tat ca cac tang
0 1 2 dugc so voi nghiém chinh xac tir phuwong phap
Do trbi ting A*(%) NL RHA cua khung 3 tang
. s . Boston Seattle
Hinh 11. H¢ s6 do trdi tang trung binh
cta khung 20 tang 10 3
- % Ay . 1A 1 3A soAs A \ 0,8 4
Dang biéu d6 nay co két qud dd trdi tang tir « =, |
phuong phap MPA tiém can trén duong thang co truc ;5,5 | %,
hoanh bang 1 hon phuong phap SPA. Xét khung 20 g0 52 ’{*
tang, cho thay duong cong cua phuong phap SPA Iéch 02 { e 1 ,,;_/;;;;;
khoi duong thing biang mot nhiéu hon duong cong 0,0 _————— 0 & x
cua phuong phap MPA, va su sai léch nhiéu chu yéu ¢ 0,0 0.2 04:05 0.8 10 ® R NE R]‘;’A % =
cac tang dau tién cho ca hai phuong phap. Tuy nhién, N RHA N
do cuong do dong dat 16n va khi két cdu lam viéc
ngoai mién dan hoi s& kho kiém soat nén khung 20 E— ——NL_RHA
tang & Los Angeles c6 sy sai l¢ch 16n xay ra ¢ tang 7, A SPA 4 seA
8 va tang 9. Khong c6 su khac nhau gifra hai phuong MPA MEA
phap SPA va MPA khi xét h¢ khung 3 tang, didu nay

cho thdy hé¢ khung thap tang chi can sir dung phuong . s oo
phap SPA 1a di tin tuong. Hinh 13a. B¢ tr6i tang 16n nhat ¢ tat ca

. . A T cac téng dugc so sanh véi nghiém chinh xac
. I{Al.nh; 12, Hlnh 1;3a3 va H1}]h ,13bk thé hién tat’ ca cac tir phuong phap NL_RHA ctia khung 20 ting
do tréi tang lon nhat ¢ tat ca cac tang dugc xac dinh

bdi ba phuong phap SPA, MPA va NL_RHA. G Boston va Seattle
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Los Angeles

v

SPA,MPA
N w E-

[
1

o

——NL_RHA
A SPA

Hinh 13b. D6 troi tang 16n nhét & tit ca cac tang
duoc so sanh voi nghiém chinh xéc tr phuong phap
NL_RHA cua khung 20 tang & Los Angeles

Két qua cho thiy cac diém & khung 3 tang hoi tu
tot trén dudng chéo. Con cac diém trén khung 20 ting
thi roi rac va nim xa duong chéo. Trong d6 khung 20
tang 0 Boston va Seattle cac diém xa duong chéo nam
cha yéu & can duéi (co hé s6 ty 18 nho hon 1). O Los
Angeles cic diém nam roi rac ca can trén lan can
duéi. Phuong phap MPA cho két qua tét hon do tiém
can duong chéo hon phuong phap SPA.

5.KET LUAN

Viéc st dung phuong phap phén tich phi tuyén
theo mién thoi gian (NL_RHA) nhu phwong phap
chuan dé so sanh di cho thiy két qua ciia phuong
phap MPA chinh xac hon phuong phap SPA. Vi vay
sy dong gop cua cac dang dao dong cao can duoc xét
dén trong phuong phap tinh phi tuyén khi thiét ké nha
cao tang chiu dia chan.

Khi cong trinh cang cao s& cho két qua sai léch vé
chuyén vi va do troi ting cang 16n. Dong thoi khi xét
dén sy tham gia cta phi tuyén hinh hoc, két ciu khung
SMREF cho két qua véi do sai 1éch 16n.

Phuong phap SPA va MPA cho két qua nhu nhau
va sai s6 dudi 6% khi phan tich ing xir phi tuyén cua
khung SMRF 3 ting chiu dia chan. Pbi véi

khung SMRF 20 tang cho thay 15 sy khac nhau vé két
qua cua hai phuong phap nay, va phuong phap MPA
cho két qua dang tin cdy hon phuong phap SPA.
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RELIABILITY ASSESSMENT OF BUCKLING STRENGTH FOR
TAPERED COLUMNS OF STEEL PORTAL FRAMES WITH FLEXIBLE
JOINT OF BEAM - COLUMN

Xuan Hung DANG', Trong Ha NGUYEN?
National University of Civil Engineering, Email: hungdx@nuce.edu.vn
Faculty of Civil Engineering - Vinh University, Email: trongha@vinhuni.edu.vn

ABSTRACTS: Tapered steel columns are widely used in the field of industrial construction. The buckling strength of this
structure depends hugely on the material properties, geometry dimensions and also boundary conditions that are potentially
random sources. This research presents an assessment of the safety of buckling strength of tapered steel columns taking
into account the effect of flexible connection beam-column. The Newton-Raphson method is used to solve nonlinear
equation for the buckling limit of the column. Reliability of the structure is evaluated using Monte Carlo simulation

method. Effects of input parameters are also investigated.

KEYWORDS: Tapered columns of steel, portal frames, reliability, Monte - Carlo simulations.

1. INTRODUCTION

Nowadays, in Vietnam, the tapered steel column
of portal frame with flexible beam-column joint is
more and more used in the industrial domain. The
buckling design of this type of steel column depends
on many parameters and possesses latent errors. Thus,
it is an interesting topic to the researchers all over the
world. The American Society of Civil Engineering
(ASCE) recommends the engineers consider the
tapered column as it of the constant small section.
This recommendation, according to the author of [1],
gives the results with remarkable errors. Furthermore,
the use of the empirical coefficients with latent
randomness or the variation of external loads, in some
cases, push the structure to the dangerous state. Thus,
the reliability assessment of the structure is necessary.

Concerning the reliability assessment of the
structure, in Vietnam, Nguyen Xuan Chinh studied to
assess the reliability of the reinforced concrete structure
with random concrete strength obtained from the
empirical tests [2]. In 2010, the reliability of the marine
structure according to the extended failure criteria was
investigated by Pham Khac Hung in [3]. The research
of Nguyen Vi et al. on the reliability of the slope and
the rigid retaining wall was presented in [4] and [5].
Le Xuan Huynh and Le Cong Duy taken into account
the fuzzy parameters in the reliability assessment of the
structure [6]. These researchers used almost the [

probability index or FORM, SORM methods and they
were limited in the sample cases where the random input
parameters are the normal variables and the limit
function is linear or differentiable. Many recent
researches used the Monte Carlo simulation method such
as [7] of Nguyen Chi Hieu or [8] of Dang Xuan Hung
and Nguyen Trong Ha.

This topic is also interesting to the researchers all
over the world. In 1990, Kiureghian et al. assessed the
reliability of the steel frame under the dynamic loads
generated from the earthquake El Centro in 1940
using [ probability index method [9]. The same

method was used in [10] by Hong et al. to study the
steel frame according to the plastic limit state.
Reliability of the steel structure under the corrosion
was considered by Robert and Melchers in [11].
Hadianfard and Razani used the Monte Carlo
simulation method to investigate the steel frame with
flexible beam-column joint [12]. The rotational
stiffness and the moment resisting of the connection
were referred in [13] of Chen et al. This model of
flexible joint, according to recommendation of
Aleksander in [14], is not correct. This author
proposed then a novel model based on the empirical
tests and the Eurocode 3.

Concerning the buckling of the tapered steel
column, some studies were carried out. In 1961,
Timoshenko and Gere proposed a numerical solution
in the similar form of the Euler’s solution with an
adjustment factor whose values are tabulated
depending on the ratio between the maximum and the
minimum moment of inertia of the column [15]. Lee
et al. in [16] proposed calculate the buckling load of
the tapered column via the one of a uniform column of
minimum section using a modification factor. The
same idea was studied by Hirt and Crisinel in [17] but
the uniform is of equivalent section whose the
moment of inertia is in practical form. Marques et al.
[18] proposed an analytic solution for the buckling
load of the tapered column. However, in our
knowledge, the buckling of tapered steel column with
flexible beam-column joint is still less studied.
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This paper intends to study the reliability
assessment of the tapered steel column with flexible
beam-column joint proposed by Aleksander in [14].
The buckling equation of the column will be solved
numerically using the Newton-Raphson method. The
reliability of the structure will be assessed by
introducing the buckling deterministic model in the
Monte Carlo simulation method.

2. BUCKLING OF TAPERED COLUMNS OF
STEEL FRAMES WITH FLEXIBLE BEAM-
COLUMN JOINT

Consider a tapered steel column, with a pin
connection and a flexible beam-column joint as shown
in Figure 1. The differential equation, that presents the
equilibrium of the column, has the form [1].

2 A2
z\ 07y
ElLl —| —+Py=0 1
(a] 0 Y (1)

The general solution of this differential equation is
presented by (2).

y= \/E{Asin(ylnEjJchos(ylnEﬂ 2)
a a a

. 2 P32 1 . .
In which y :E_Z>O’ El is the stiffness of
the section at z=a+1 and A, B are the intergration

constants that are determined by following boundary
conditions.

z=a :y(a)=0
z=a+l:y(@@a+l)=y, 3)
y'(a+l)=0

Where y, and ¢ are respectively the lateral

dilatation and the rotation angle of the flexible beam-
column joint.

o |

\ IP P
Il I
Il I

Y | Y

Figure 1. Tapered steel column with flexible
beam-column joint

[V

From the first boundary condition z=a, y(a) =0,

we can deduce B=0. By introducing B=0 into the
equation (2) and taking the differentiation of y, we

obtain.

A[sin(ylnzj + 2ycos(yln ZH
a a
y'= (4)
2a,/%
a

Take into account the second boundary condition
z=a+l:y(a+l)=y, and denote nz%, the
equation (2) becomes.

Yo :M[A.sin(yln(l+n))] (5)

If we denote ¢ being the rotational stiffness of the
flexible beam-column joint and as the beding moment at
z=a+! is P.y,, thus the rotation ¢ is determined by.

¢=P.y,.0 (6)
Combine the equations (5) and (6), we obtain.
(p:P.«/1+n[A.sin(yln(1+n))].6 (7
Introduce the second boundary condition
z=a+1: y'(a + 1) = ¢ into the equation (4), it becomes.
A[sin(yln(l+r|))+2ycos(yln(1+r|))] g
*= 2a/1+n )

From the equations (7) and (8) and by taking in to

EIl
account P =(y?>+ 1/ )= we obtain the equation (9)
( A) a2

that permit us to determine the coefficient vy .
1 \EI . _
(yz + Zja—z.JI +1 [sm(yln(l + n))].(p -

~ [sin(yln(l + n)) + 2ycos(yln(1 + n))} o

2a41+1

By dividing by cos(yln(1+n)) , the equation (9)

©)

can be rewritten in the form as following.

(yz + l)?.\/ﬂ[tan(yln(l + n))].@ —

4
[tan(yln(l +1))+ 2y]

2a,/1+1

After having solved obtained the equation (10)
and obtained the value of the coefficient y, the

(10)

buckling strength of the tapered steel column is
determined by.

e )

(11)
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It is almost impossible to solve the transcendental
equation (10) analytically and it has to be solved
numerically using the Newton-Raphson method. Each
solution of y corresponds with a buckling mode of the

column. In the construction, the minimal value of y
corresponds with the buckling strength of the column.

3. STIFFNESS OF THE BEAM-COLUMN JOINT

Rotational stiffness of flexible beam-column joint
of an I-section steel portal frame is determined by the
experimental formula proposed by Aleksander. K. et
al. The proposed formula was validated by the authors
and was detailed in [14] and is presented in Figure 2.

G Pini

n

Where ¢ is elastic rotational stiffness of the joint

(12)

(an%a d); 1 is hardness adjustment coefficient

depending on the connection type and is presented in

Eurocode EC-3; ¢, is initial stiffness (kNmrad)

and is determined by [14].

0.444.1.2 .0.35 410.005
(Pini:thc hb tp d _K2 (13)
150
130
110

E
i 90 —-—test
g 70 EC-3
E 50 .
E 20 proposa
10
A0 e } } |
0 0,02 0,04 0,06
rotation [rad]
W
Hpe - o o
el oflloe
d
Hipe oJlo
L
F IPE
b,
HEB

h

Figure 2. Validation of the proposed formula by
comparison with EC-3 and experimental results [14]

Where h (mm) is the height of the column
section (HEB); hy (mm) is the height of the beam
section (IPE); t, (mm) is the thickness of the end

plate and d (mm) is the bolt diameter;
K,=L5and K, =19211 are the empirical coefficients

that are identified from experimental results [14].
Because of their empirical origin, these coefficients
possess potential randomness.

4. MONTE CARLO SIMULATION METHOD

Monte Carlo simulation method that based on the
using of pseudo random numbers and the law of large
number to asscess the realiability of any systems. If
the safe domain is defined by the condition f (X) >0,
with X is the random vector containing all the input
random variables, the unsafe probability of the system
is determined by.

P = Ilf(x)<0fx (x)dx = E|:If(X)<0:| (14)

Where If(X) <0 1s the indicator function and is

defined by.

1
If(X)<O = 0

According to the theory of statistics, if we have N
realizations of the random vector X, by propagating
the randomness, we obtain a sample of N realizations
of the indicator function. The expected value of the
indicator function can be approximatively determined
by taking the mean of the sample.

~ 1N ;
Py =E |:If(X)<0:| = ﬁz If(x)<0
i=1

Lemaire in [21] shows that the 95% confidence
interval of the estimation (16) is defined by.

1-P;

f

if £(X)<0

if £(X)20 (>

(16)

P;| 1-200 i,
NP;

Jngsﬁf[Hzoo

5. RELIABILITY OF BUCKLING STRENGTH
OF THE TAPERED STEEL COLUMN

5.1. Safe condition

Although the buckling strength of the tapered
column is determined by the formula (11), but in
reality we often introduce a safety factor n and the
safe condition of the tapered steel column will be
written as following.

P
P<-—<& (18)

n
where P is the external load that can fluctuate

randomly in the exploration of the structure.

5.2. Deterministic model and uncertainty model

Deterministic model is the above buckling
analysis problem, in which the input parameters are
those of geometry (a,L,hC,hb,tp,d), of material

(E), of load (P) and of flexible joint (K,,K, ). This
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model can be written in form = with
X=[a,L,h,hy.t,,d.E,P.K K, ].
P, =3(X) (19)

In this paper, we consider a tapered column with
the deterministic input parameters as shown in the
Table 1. The deterministic analysis by Newton-
Raphson method gives us the result of y=2,8596 is

the P, =7,7531e+3.

Convergence and Test functions of the Newton-
Raphson program shown in Figure 3.

and buckling load is

oX 10° Convergence process

< fmax
ok —=—fuin
\
T
\
\\
6 N
\
5F : \\
- \
\
4 \&
3F ,\\\
2L . \‘\
1 \\\
\\
|
o 15 2 2‘5 3 35 4 45 5 55
iteration
14
25 *x10
2t
151
1F
0.5 J
Y
0.5 (
AF
15
2F
-2.5 - .
5 0 5

Figure 3. Convergence (above) and test functions
(below) of the Newton-Raphson program

Uncertainty model is constructed based on the
deterministic model by taking into account the
randomness of some input paramters. In this paper, we
distinct two vector of input parameters: the first one of

the parameters assumed to be deterministic
X, = [a,L,hC ,hy oty ,d,E} and the second one of the
parameters assumed to be ramdom

Xz(m)z[P(m),Kl(m),Kz(m)] with @ represents the

randomness of the parameters. This model can be
written in form.

Py () = 3(X;, X, () (20)

Table 1. Deterministic input parameters

Variable Value Variable Value
a (cm) 200,0 t, (mm) 20,0
L (cm) 400,0 d (mm) 22,0

h, (mm) 500,0 E (kN/cm?®) | 2,0E+4

hy (mm) 500,0

5.3. Reliability assessment of the column by Monte
Carlo simulation

By introducing the uncertainty model in the Monte
Carlo simulation method, we obtain the scheme of the
reliability assessment of a tapered steel column as
shown in Figure 4.

P
gl

( )
Sampling the pseudo random numbers of input

random parameters

-

Propagation of randomness and verify the safe

condition P(w) < £ (@)
n

-

Reliability estimation and verify the

convergence condition

gl

.

Figure 4. Scheme of the reliability assessment
of a tapered steel column using Monte Carlo
simulation method

5.4. Convergence of the Monte Carlo simulation

Consider the tapered steel column as shown in
Figure 1 with the deterministic input parameters and
the random input parameters respectively presented in
Table 1 and Table 2. The comppression load P(kN) is

assumed to be normal variable with mean p, and
coefficient of variation CV;, whereas the empirical
coefficients K,,K,
variables in the interval [0,95;1,05] of the reference

are assumed to be wuniform

value in [14].
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Table 2. Random input variables and their
representative parameters

Random variable P(kN)
Law of probability Norm
Representative Hp CVe
parameters 7.735%10° 0,1
K, K,
Uniform Uniform
reference interval reference Interval
1,5 [0,95+1,05] 19211 [0,95+1,05]
N
0.8 r-’"
" 0.6
0.4
0.2
0 ‘ . ‘
0 500 1000 1500 2000

N

s

Figure 5. Convergence of the safe probability in the
Monte Carlo simulation

Figure 5 shows the convergence of the safe
probability of the column in the Monte Carlo
simulation to the value of 0,9720 or 97,20% after
about 1890 sampling in 120 minutes. The used
convergence criteria of 2,5% justifies the confidence
of the estimated reliability. This result also shows that
although we have taken the safety factor is 1,1 in the
analysis but because of the randomness of some input
parameters, the reliability of the structure is only of
97,20%. The assessment of the reliability of the
structure thus is neccessary.

5.5. Effect of the column’s bevel
The column’s bevel depends on the 1= % ratio.

In this test, one reconsiders the input parameters as in
the above section and assess the safe probability of the
column with different values of n:

1,0;1,5;2,0; 2,5;3,0. The results are listed in Table 3

and the effect of the column’s bevel is graphically
presented in

Figure 6.

Figure 6 shows that when 1 increases, it make the
safe probability decreases. It means that the lower the

column’s bevel is, the higher the safe probability is.
This result is in good agreement with the qualitative
analysis because when 7 is high, the column’s bevel

is low, the column’s section is nearly constant and
thus the buckling load of the column will be high.
This result indicates the fact that if one uses a same
safety factor for many columns of different bevels, the
structure is probably in the dangerous state and this
studied method permits us to determine the required
value of the safety factor.

1

0.98

0.96

0.94 -

0.92 -
S

o
0.9

0.88

0.86 -

0.844

0.82 ' ' '
1 1.5 2 25 3
eta

Figure 6. Effect of the column’s bevel
on the safe probability

Table 3. Effect of the column’s bevel
on the safe probability

n 1,0 1,5 2,0 2,5
P, | 84,89 | 8549 | 88,00 | 93,05

3,0
100,00

5.6. Effect of the coefficient of variation and safety
factor

We know clearly that the wvariation of input
random variables and the safety factor influence
directly but inversely on the safe probability of the
structure. Thus in order to clear the effect of these
parameters, one reconsiders the above column with
different coefficients of variation of the compression
load CV=0,05; 0,1; 0,15;0,2; 0,25 and different
n=11;1,15;1,2;1,25;1,3. The

randomness of the empirical coefficients K;,K, is

safety  factors

assumed to be unchange in the interval [0,95;1,05] of

the reference value. The results of the safe probability
are listed in Table 4 and presented in Figure 7.

We can easily observe the effect inverse of the
coefficient of variation and the safety factor in the
Figure 7. The safe probability of the column decreases
when the coefficient of variation increases, whereas it
increases when the safety factors increases. This result
seems to be obvious, but it has a very important
significance. It shows that if there are many input
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random parameters or furthermore with the high
randomness in the structural design or in the
optimization problem, the use of the local coefficient
such as the overload coefficient seems to be not
sufficient. The structure can be in the dangerous state.
In this case, it is necessary to determine a global
safety factor, as is done in this study, to assure the
absolute safety of the structure. For example, in this
test, if the coefficient of variation is 0,05, the global
safety factor needs to be only 1,15 to obtain the safe
probability 100%. If the coefficient of variation is 0,1,
the global safety factor needs to be 1,3.

1 T T

095

09

0.85

08

——n=11
0.75 - ===n=1.15
n=1.20
—g=—n=125
07h =—p=n=13
0.65 ! : : bl
0.05 0.1 0.15 0.2 0.25

cv

RN 115 1.2 1.25 13

Figure 7. Effect of the coefficient of variation (above)
and effect of the safety factor (below) on the safe
probability of the column

Table 4. Effect of the coefficient of variation
and effect of the safety factor on the safe
probability of the column

CvV
! 0,05 0,10 0,15 0,20 0,25
1,10 | 0,0276 | 0,1514 | 0,2566 | 0,2833 | 0,3500
1,15 | 0,0000 | 0,0676 | 0,1302 | 0,2222 | 0,2553
1,20 | 0,0000 | 0,0225 | 0,1166 | 0,1313 | 0,2166

1,25
1,30

0,0000
0,0000

0,0067
0,0000

0,0572
0,0278

0,0964
0,0609

0,1722
0,1031

6. CONCLUSIONS

This paper studies the reliability assessment of the
tapered steel column with flexible beam-column joint.
The authors have successfully established the
deterministic model using the Newton-Raphson
method to solve the transcendental equation of the
column’s equilibrium. This model is then combined
with the Monte Carlo simulation method to construct
the column’s reliability assessment program. The
parametric tests are also performed to study the effect
of the input parameters on the reliability of the
structure. The obtained results showed the important
significance of this research.
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SAN DAY SUON DANG O CO
MULTIRIBDECK SLAB IN FORM CHESSBOARD SLAB

TS. Pham Khéic Hién'
Nguyén pho vu truong vu Quan ly hoat dong xdy dung, Bo Xay Dung
Email : pkhien(@gmail.com

TOM TAT: San Day Sudn dang 6 c& 1a 1 loai san rong khong dam, c6 cdt thép dang suon thép (cudng do cao tién ché) dat
theo hai phuong v6i khoang cach kha gén nhau (0,75m). San tao rong bang cac khoang rf)ng nén co6 hinh dang nhu san 6 co
truyen thong, do rong cua san tr 43% dén 46%. Do c6 h¢ suon thep, nén khong can dat cbt dai cho dam va st dung dugc so
db tinh 14 hé dam giao nhau tiét dién chir T. Cot thep gom suon thép, ludi thép mat trén va thép thanh gia cuong véi tong
luong thép trén 1m” san tir 10kg/m*> dén 21kg/m?® va chiéu day san tir 0,21m dén 0,36m phu thudc bude cot (tir 6m dén
12m). Cbp pha dinh hinh gf)m hop nhua rong ho day tua 1én vanh thép hinh vuéng lam bang thép hop, dugc dat lén cbp pha
phang Thi cong 1ap dung cop pha, cbt thép va théo r& cdp pha don gian. D6 bé tong nhu san truyén thdng vi khong phai
chéng déy ndi khéi tao rong.

TU KHOA: San 6 co, san rong, d6 rdng, sudn thép, hé dam giao nhau, chi phi thép san.

ABSTRACT: MultiRibDeck slab is a type of hollow slab without beam, which has reinforcement as steel rib (high strength
precast) in two directions with quite close distance (0.75m). The slab is create hollow spaces so it has the same shape as
the traditional chessboard slab, the hollow of the slab from 43% to 46%. Because of the steel ribs, it is not necessary to
place the shear reinforcement and use the calculation scheme as the crossing beams system with T section. Reinforcement
consists of steel rib, top steel mesh and reinforced steel bars with a total steel on the Im’ slab from 10kg / m’ to 21kg / m’
and the slab thickness from 0.21m to 0.36m depending on steps of columb (from 6m to 12m). The typical formwork consists
of hollow plastic box on the square steel ring, placed on the flat traditional formwork. The installation of the formwork,
reinforcement and the dismantling of the formwork is simple. Concrete pouring is as in the traditional slab, because no
need resistant to floating of the hollow block .

KEYWORDS: Chessboard slab, hollow slab, hollow, steel rib, crossing beams system, costs of slab steel.

1. GIOI THIEU

Hién nay c6 nhiéu loai san cai tién voi tiéu chi 1a
tao san phing khong dim, trong lugng nhe dé vuot
dugc nhip 16n.

Bai bao gioi thiéu nguyén 1y cdu tao, phucmg phép
tinh toan, bién phap thi cong mot loai san cai tién voi
céc ti€u chi trén va ¢ uu diém nodi trdi hon cac loai
san cai tién khac. Tén loai san nay la San Day Suon
dang 0 co.

2.NGUYEN LY CAU TAO

2.1. CAu tao San Day swon Hinh la. Suon SD

Trong cdt thép cua San Day Sudn co 2 loai suon
thép glao nhau. Khoang cach cac suon thép kha gan
nhau nén c6 tén goi la San Day Suon. Mot phuong la
suon co tén g01 la suon SD ( vi tuong tu suon thep san
SuperDeck cia Han Quoc) Suon SD (hinh la) c6 tiét
dién hinh chr V ngugc, gom 1 thanh doc dinh va 2
thanh doc chan dugc lién két v6i nhau bang han vai 2
thep ziczac duong kinh nhé hon & 2 mat bén, nén co
cau tao nhu dan khong gian. Theo phuong kia la suon
RL (hinh 1b) vi c6 dang nhu Réang Luoc, c6 dugc Hinh 1b. Suon RL
bang cach bo thanh dinh ciia suon SD. Cac suon thép . A L.
duoc gia cong tir thép chudt nguodi (cuong do kéo chay Quay nguoc suon RL, dit vuong goc s€ cai duoc

trén 500Mpa) tai nha may trén may udn va han thép vao cac suc‘yg SD, tao th.émh hé dam suon giao nhau:
tu dong. Neu dat khoi xop kep gitra cac suon, thém thép dudi
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suon RL (hinh Ic), ludi thép mat trén va mat dudi 10i
do bé tong s& duge hé dim bé tong cdt thép giao nhau
tiét dién chir I. Khi do dugc San Day Suon phang mat,
d6 rdng 16n, it ¢t thép va dit don gian. Sang ché San
Day Suon da duoc Cuc S¢ hiru tri tué cép bang doc
quyén sang ché sb 10469 ngay 12/07/2012. Suon
Réang Lugc ciing duge cip bang doc quyén kiéu dang
cong nghi€p so 22005 ngay 04/03/2016.

Hinh lc: Hé suon SD va RL giao nhau, xdp kep gitra

Han che cia San Day Suon la phai c6 bién phap
chéng xdp bi ddy ndi. Bién phap chong ndi x6p cua
San Day Suon la db bé tong 16p dudi x0p trudc, tiép
theo dat xop va ludi thep trén. Sau d6 d6 bé tong l6p
trén: d6 1én mat xbp trudc réi méi do vao khe X0p (co
suon thép). Tuy nhién kho kiém soat viéc chéng xbp
bj ddy ndi khi mat bang san c6 dién tich 16n.

2.2. Céu tao San Day Swon dang 6 cor

Pé khic phuc han ché cua San Day Suon, can
phai loai bo x6p dé khong phai chéng viéc néi x6p. Vi
vy San Day Suon duoc chuyén sang tao rong bing
cac khoang réng nhu san 6 co truyén thong, duogc goi

la San Day Suon dang 6 c0, co dg rong tir 43%
dén 46%.

San Day Suon dang 6 co cling st dung hé suon
thép hai phuong, nhung tao thanh cac 6 vudng kich
thude 0,75m x 0,75m (hinh 2). Cac thanh ziczac ctua
swon thép chiu cat, nén khong can dit ¢t dai cho cac
dam suon nhu san 6 cd truyén thong.

Mit trén san dat thép ludi p5al50x150 dé nguoi di
lai khi thi cong khong dam 1én cop pha hop nhua.
Thép luéi ciing dugce gia cong tir thép chudt ngudi
cuong do cao nhu sudn thép. Lép bé tong mat san day
6cm 16n hon chiéu day san 6 cd truyén thong (5cm) dé
tang kha nang chiu luc cuc bd va ting kha nang cach
Am cia san. M3t cit san theo 2 phuong thé hién tai
hinh 3.

Ngoai suon thép va luéi thép dugc gia cong sin
tai nha may, chi c6 khoang 40% toi 60% la thép thanh
gia cuong tai cac vi tri chiu lyc 16n (thép dudi viung
nhip ciia cac suon nbi giira 2 cot, thép trén ving chan
cot), thép co cuong do kéo chay S00Mpa.

Hinh 2: H¢ sudn thép giao nhau 6 vuong

Gia cidng Teén RL Lidi é5a150

Hinh 3a: Mit cit san qua sudn SD

M

C‘HCZ Cué‘ndj'

Hinh 3b: Mt cét san qua suon RL
3. TINH TOAN THIET KE

Do ¢6 cbt thép dang suon thép, nén st dung dugc
so d0 tinh hé dam giao nhau BTCT tiét dién chit T c6
du cbt thép doc chiu udn va ct thép xién (thay cot
dai) chiu cit cho San Day Suon dang 6 ¢o. So d6 dam
giao nhau tiét dién chit T c6 do cimg 16n, nén thuong
khong phai b tri dam chim (bé rong 16n hon dam
suon) hodc khong phai co dam cao ndi giira cac cot
nhu san 6 ¢ truyén théng. Tinh kha ning chiu cit cia
thép ziczac theo cong thic tinh cbt xién trong dam
BTCT, thuong vung chan cot phai bd sung c¢dt chiu
cit dang ludi dé dimg. Két qua tinh toan 13 ndi lyc cho
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tung dam sudn va chon dugce cdt thép sat biéu dd md
men. Téng luong thép trén 1m” san tir 10kg/m’ dén
21kg/m* va chiéu day san tir 0,21m dén 0,36m phu
thudc budc cot (tr 6m den 12m), chi phi thép giam
hon 50% so v6i san truyén thong va it nhat trong cac
loai san cai tién.

Dé tinh cot, vach va tai trong xuong mong, can
quy doi San Day Suon dang 6 cd vé san phang c6 do
cung va trong luong twong duong, sau d6 gidi ca hé
két ciu theo so dd khong gian.

4. BIEN PHAP THI CONG

San 6 co truyén thdng it duge st dung, do thi cong
lap dat cbp pha va ct thép phtrc tap. Hién nay trén thé
gidi va trong nudc di cai tién bién phap thi cong san 6
o, dung cop pha hop nhwa dinh hinh nén thi cong
thuén loi hon trude (hinh 6). Tuy nhién con hai van dé
ton tai can giai quyet

Do cac dam sudn tryc giao c6 khoang cach gin
nhau nén viéc dat c6t dai cho san 6 co rat phirc tap,.
Vi vdy ¢ nudc ngoai theo mot phuong phai lam cot
dai roi thanh chudi cho ting 6 va khéong 16ng duoc
vao ¢t doc (hinh 4). O Viét Nam thuong bo cbt dai
(hinh 7). San Day Suon dang 6 cd sit dung hé suon
thép hai phuong cai vao nhau don gian, lai c6 cac
thanh ziczac nhu cbt xién chiu cit nén khong cin dit
cbt dai (H.11) nhu phai 1am ¢ san 6 cd truyén thong.

Hinh 4: O nudc ngoai cbt dai dit roi 1 phuong [1]

O nudc ngoai cbp pha ddy dam suon nhu cac dai
bang tryc giao, dung cac dai nhya lap ghép dang
mong lién két v6i nhau (hinh 5), yéu cau chit luong
nhua cao, lap dat va théo rd phuc tap.

Hinh 5: ¢p pha ddy dam & nude ngoai [2]
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Hinh 7: Cép pha hop nhua hé day c6 vanh
va khong cot dai [3]

O trong nudc, cdp pha day dam lién véi cdp pha 6
cd nén codang hop nhya hé day co vanh (hinh 7), dé
vo khi thao 1.

San Day Suon dang 6 co sir dung cbp pha day
dam riéng nhu & nudc ngoai, nén cop pha san 6 co ¢6
dang hdp nhya ho day, co6 chan dé 1a vanh vuong tiét
dién du 16n dam bao do cing (lem x 3cm), ddng thoi
¢6 go chan nudc xi mang chay (hinh 8).

Cop pha ddy dam lam roi dang vanh thép hinh
vuong lam tir thép hop (hinh 9).

Cop pha hop nhya hé day tua 1én cac ban thép han
0 mat dudi cua vanh thép (hinh 10), vi vay cac ban
thép nay co go dé giit cho cop pha hop nhya ciia 6 co
khong bi phinh vao bén trong khi d6 bé tong (hinh 9).

—_— T

G nhuya tira [én vanh thép dé chan

21/07/2018

Hinh 8: Cdp pha hop nhya hé day, vanh dé cing
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o thép dé giir khang cho copha
phinh vao bén trong khi dim BT

Hinh 10: C6p pha hop nhwa tira 1én cdp pha vanh
Trinh ty thi cong San Dz‘ly Suon dang 6 co:

- Lap dat giao chdng, cdp pha phing nhu thi céng
san truyén thong;

- bat cop pha vanh sat nhau theo 6 co thiét ké, dat
cOp pha hop nhua ho day tua 1€n cac vanh thép;

- bat thép gia cuong bén dudi suon SD va dat
suon SD;

- bét thép gia cuong bén dudi suon RL va dat
suon RL cai vao cac suon SD;

- bat thép gia cuong mat trén vung chan ct va
Iudi mat trén;

- P6 bé tong nhu & san truyén thong.

Hinh 11: dét suon thép 2 phuong giao nhau
5. KET LUAN

San Day Suon dang 6 c¢ 1a loai san c6 do rong lém
nhit, chi phi bé tong va cbt thép it nhét trong cac loai
san rong cai tién va san truyen thong, vi ¢6 bt thép
dang suon thép va ludi thép cudng do cao, so dd tinh
1a dam BTCT giao nhau tiét dién chir T.

Do ¢p pha dinh hinh bang hop nhya cho 6 cd va
bang vanh thép hop cho day dam duoc gia cong chinh
xac, cbt thép chu yéu 1a suon thép va ludi thép tién
ché, nén lap dat cop pha va cot thép don gian thuén
tién. Do khong phai chdng day ndi kh01 tao rong, nén
d6 bé tong binh thuong nhu san truyén thong.

Han ché duy nhét cua san 1a kha ning cach am va
cach nhiét thdp, phai dat thém vat liéu cach am va
cach nhiét cho san mai.

San Day Suon dang 6 c¢ thich hop cho cac cong

trinh nhip 16n, nha cao tang, cho phép khong gian bd
tri linh hoat, ting chiéu cao sir dung cua tang.

San Day Suon dang 6 co dd ding ky sang ché
ngay 02-08-2017 va dugc Cuc S¢ hiru tri tu¢ Bo
KHCN chip nhian don hop 1¢ tai van ban sd
72893/QD-SHTT ngay 19-10-2017, hién nay dang
trong thoi gian xét duyét dé cip bang "Poc quyén
sang ché " (thoi gian 2 nam).

TAI LIEU THAM KHAO
[1]  http://ashui.com/mag/congnghe/giaiphap/5973-lua-
chon-loai-san-nhe-nhat.html.
[2] https://www.infobuild.it/wp-content/uploads/Skydome.pdf .

[3] http://ach.vn/tien-do-thi-cong-nhanh-o-toa-thap-
chung-cu-vinh.htm.
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SEISMIC DESIGN OF BUILDINGS AND STRUCTURES IN VIETNAM
USING ASCE/SEI 7-16

Nguyén Pai Minh', B4 Tién Thinh' and Pham Anh Tuén'
"Vietnam Institute for Building Science and Technology, Email: dmnguyen2001@gmail.com

ABSTRACTS: According to the present Vietnamese Law, the technical standards (including international and foreign
standards) are recommended while the national codes are mandatory to be used in analysis and design of buildings and
structures in our country. Regarding the seismic designs of buildings, the US standard ASCE 7-16 is allowed to be used in
Vietnam. However, the earthquake input data such as the peak ground acceleration (PGA) must be taken from the national
code QCVN 02:2009/BXD. It is difficult in engineering practices, because there is no information on the two parameters
SDS and SD1 that are required for seismic design by ASCE 7-16 in this Vietnamese code. Therefore, this paper presents
the seismic design of structures in Vietnam using ASCE 7-16, based on the parameters SDS and SD1 obtained from the
PGA values given by QCVN 02:2009/BXD. Comparisons between the design elastic response spectrums obtained from

TCVN 9386:2012 and ASCE 7-16 are also presented.

KEYWORDS: ASCE 7-16, QCVN 02: 2009/BXD, PGA, response spectrum, seismic design, TCVN 9386:2012.

1. PROBLEM DEFINITIONS

Buildings and structures in Vietnam are
sometimes allowed to be designed based on the
international codes/standards including ASCE 7-16
[1]. However, the input data such as the earthquake
must be taken from the Vietnamese code QCVN 02:
2009/BXD [2] and/or TCVN 9386:2012 [3]. It is
noteworthy that these PGAs are absolutely the same
because the seismic data of QCVN 02:2009/BXD
have been fully adopted from TCXDVN 375:2006 [4]
(later renamed as TCVN 9386: 2012). It is understood
that QCVN 02:2009/BXD and TCVN 9386:2012
provide only the PGA values (and they are fully),
while ASCE 7-16 requires 2 parameters Spg (design
acceleration response spectrum at short period of 0.2s)
and Sp; (design acceleration response spectrum at
long period of 1.0s) for seismic design.

Therefore, this paper presents the method to
determine parameters Sps and Sp; using the PGA
values given in QCVN 02:2009/BXD.

The calculations of Sps and Sp; that have been
carried out for soil types D and E classified by ASCE
7-16 according to seismic characteristics as most
buildings and projects in Vietnam are located on these
sites are presented in this paper.

Comparisons of the design elastic response
spectrums based on ASCE 7-16 and TCVN 9386: 2012
have also been conducted and are shown in the paper.

2. DETERMINATION OF PGA VALUES FROM
QCVN 02:2009/BXD

According to QCVN 02:2009/BXD, the PGA
values can be determined based on either one of the
two below methods:

Method 1: use the list of the PGA values for
administrative locations at district levels for the whole
territory of Vietnam. This method is simple and easily
applied for engineers and architects in practice.
Moreover, the given PGA value is calculated for the
representative location (point) of the district. It is
however assumed for the whole area of the district.
This method is generally accepted for seismic design
practice in Vietnam.

On the other hand, there are very rare cases that
the district may cover two seismic zones (for example:
the long district). Therefore, the more accurate method
shall preferably be used. That is method 2 (as
explained below) - the method using the Vietnam
seismic zoning map.

Method 2: use the seismic zoning map with linear
interpolation from the two nearest referenced PGA
contour lines where the construction project
(construction location) is located.

This method provides a more relevant PGA value
for a specific project, especially for that belongs to the
district covering two seismic zones.

In this paper, for simple and easy understanding,
the TG3 power - oil refinery project that is assumed to
be located in the border between the 2 provinces
Thanh Hoa and Nghe An (as shown in Fig 1a & 1b) is
taken as an example and a case of study for the
determination of the PGA values as well as for
seismic design according to ASCE 7-16.

As the seismic map in QCVN 02:2009/BXD is too
small, it is allowed to use the seismic map scaled
1:1,000,000 (electronic version) archived in the
Vietnam Institute for Building Science and
Technology (IBST) and the Vietnam Institute of Geo-
Physics to determine the required PGA values.
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PGA values based on the list PGA administrative
locations

TG3 project administratively belongs to Tinh Gia
district, Thanh Hoa province, Vietnam. However,
geographically, it is also closed to Quynh Luu district,
Nghe An province.

From QCVN 02: 2009/BXD (method 1), PGA
value for the Center of Tinh Gia district (Tinh Gia
town, latitude 105.7765 and parallel 19.4495) is
0.0986¢ and for the Center of Quynh Luu district (Cau
Giat town, latitude 105.6306 and parallel 19.1475) is
0.0390g. The coordinates of the project site are
latitude 105.8017 and parallel 19.3169, closer to the
center of Quynh Luu district.

However, considering the 1:1,000,000 scaled
electronic seismic zoning map (shown in Figure 1a), it
is understood that TG3 site belongs to the PGA zone
of 0.04g rather than the PGA zone of 0.08g (see
Figure 1b). Therefore, it is better to used method 2 to
determine the PGA value for TG3 project.
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Figure 1: Vietnam seismic map (QCVN
02:2009/BXD), electronic scaled version, Fig.1a
Seismic zoning for Thanh Hoa and Nghe An
provinces, Fig.1b zoomed seismic zoning for Tinh Gia
Town (Tinh Gia District), TG3 project, Thanh Hoa
province, and Cau Giat Town (Quynh Luu District),
Nghe An province

PGA values based on seismic zoning map

According to QCVN 02:2009/BXD (method 2),
linear interpolation from the two nearest referenced
PGA contour lines can be employed in order to

determine the more accurate PGA value for a specific
location. Contour data of 0.04, 0.08, 0.12 and 0.16g
are drawn in the PGA Vietnam seismic map scaled
1:1,000,000 (electronic version).

Interpolation procedure:

(1) For coordinates of 105.8017 (latitude),
19.3169 (parallel) of TG3 project, according to the
seismic map (scaled 1:1,000,000) in QCVN
02:2009/BXD, the two nearest contour lines have the
referenced PGA of 0.08g and 0.04g, as shown in
Figure 2;

(2) The closest distance from TG3 site to the
0.08g contour line is 5.65 km; the closest distance
from TG3 site to the 0.04 contour line is 23.35 km;

(3) Using linear interpolation, the applicable PGA
value for TG3 site is 0.0720g, rock layer.

Y R R sighdon
% \ ' \
\, Nh ¢ :

CAU GIAT
TOWN

Figure 2: Linear interpolation for determination
of TG3 PGA according to the Vietnam seismic map
scaled 1:1,000,000

Finally, the PGA value of 0.0720g obtained using
the seismic map can be adopted for TG3 project.

3. DETERMINATION OF THE SEISMIC
PARAMETERS

It is understood that Sps and Sp; are to be used to
establish the design acceleration response spectrum
for seismic design according to ASCE 7-16.

Considering the design spectrum curves on the
basic ground (rock layer) type of UBC 1997 [5],
ASCE 7-05 [6], ASCE 7-16, TCVN 9386: 2012, and
BS EN 1998-1 [7], it is well understood that for
structures with the fundamental period 7' = 0 (second)
(e.g., an ideally solid structure which is fully
embedded into the ground) the response spectrum is
exactly equal to the PGA value (as the response
acceleration of the structure is exactly the acceleration
of the ground). Therefore, PGA = 04Sps or
Sps = 2.5*PGA (500 years return period).

Value of Sp, is considered to be equal to PGA value
for ground type B (for the design spectrum used in
UBC 1997: Sp; = Cyand Cy = Z, where Z is exactly the
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PGA value on the ground type B). Hence, the value of
Spi can be adjusted considering the obtained PGA value
and design spectrum of TCVN 9386:2012.

The recommended design spectrum for ASCE
7-16 based on QCVN 02:2009/BXD is for 500 years
return period PGA values while MCE spectrum in
ASCE is calculated by the design spectrum multiplied
by a factor of 1.5. Therefore, parameters Sys and Sy
are determined by Sys = 1.5*Sps, Sy = 1.5%Sp; for
the basic ground (rock layer). In a result, Sg is taken
by 1.5*Sps and S;=1.5*Sp; (or the exact value of Sys
and Sy for basic ground, respectively).

For TG3 project, the ASCE 7-16 parameters are
calculated as follows:
For ground type B
PGA =0.072%g
Sps=2.5*PGA = 0.180g
Spi=PGA =0.072g

Ss = I.S*SDS = 0270g (1)
Sl = I.S*SDl = 0108g (2)
For ground type D

Using Table 11.4-1 and 2 of ASCE 7-16, F, and F,
are taken by 1.55 and 2.33. Therefore:

Suis = Fo*Sg = 1.584%0.270g = 0.428¢g
Swi = Fy*S, = 2.384%0.108g = 0.257¢

Hence:
Sps =2/3*Sps = 2/3%0.428g = 0.285¢g 3)
Sp1 = 2/3*Sy; = 2/3*%0.257g=0.171g 4

Other factors and calculation procedures (Ty, Ts,
T.) follow ASCE 7-16. Ty, is taken as 4s (conservative
value because the equivalent Tp in TCVN 9386:2012
is only 2s for soil type D (or C in TCVN 9386:2012)).

For ground type E

Using Table 11.4-1 and 2 of ASCE 7-16, F, and F,
are taken by 2.26 and 3.5 (as explained in 3.2.3).
Therefore:

Sms = F.*Ss = 2.344*0.270g = 0.633g
Smi = Fy*S; =3.5%0.108g = 0.378g
Hence:
Sps = 2/3*Sns = 2/3%0.633g = 0.422¢ ®)]
Sp1 =2/3*Sy =2/3%0.378g = 0.252¢g (6)

Other factors and calculation procedures (Ty, Ts,
Ty ) follow ASCE 7-16. Ty is taken as 4s (as explaned
in in the previous ground type).

4. COMPARISON OF THE DESIGN ELASTIC
RESPONSE SPECTRUMS BETWEEN TCVN
9386:2012 AND ASCE 7-16

Figures 3 and 4 show the comparisons of the
design elastic response spectrums between ASCE

7-16 (recommended for TG3 project) for ground types
D and E.

0,35

—ASCET7-16
— - —TCVN9386:2012(0.072¢g

0.3

0 T T 1
4 6

2 T

Figure 3: Comparison between the spectrums, ground
type D of ASCE 7-16 (type C of TCVN 9386:2012)
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Figure 4: Comparison between the spectrums, ground
type E by ASCE 7-16 (type D of TCVN 9386:2012)

According to the present Vietnamese regulation,
application of the foreign or international
codes/standards must be more conservative (safer)
than the  Vietnamese codes/standards. The
comparisons above have shown that ASCE 7-16 is
more conservative than TCVN 9386:2012 regarding
the design elastic response spectrum. Therefore,
ASCE 7-16 can be used in Vietnam in terms of
seismic design.

5. CONCLUSIONS

This paper presents the seismic analysis and
design of buildings and structures in Vietnam using
ASCE 7-16.

The seismic analysis is based on the parameters
Sps and Sp; obtained from the PGA values given by
QCVN 02:2009/BXD.

The method to determine the values of Spgand Sp,
has been presented and explained.

The more accurate PGA values obtained using the
Vietnam seismic map given in QCVN 02: 2009/BXD
have also been presented.
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An example of a case of study has been conducted
for more clarity and easy understanding in terms of
seismic analysis.

Comparisons between the design elastic response
spectrums obtained from TCVN 9786:2012 and
ASCE 7-16 are also presented in this paper.

In conclusion, it can be said that ASCE 7-16 can
be used in Vietnam for seismic design using the PGA
values obtained from QCVN 02:2009/BXD according
to the present Vietnamese regulations. The calculated
results of a case of study have shown that ASCE 7-16
is more conservative than TCVN 9386:2012 regarding
the seismic design if using the same input PGA value.
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THU NGHIEM TREN MO HINH THU'C CHO HE KET CAU BAO CHE
CUA CAC CONG TRINH XAY DUNG TAI VIET NAM
MOCK UP TEST FOR FACADES OF BUILDINGS IN VIETNAM

Vii Thanh Trung, Nguyén Ngoc Huy
Vién Khoa hoc Cong nghé Xay dung, Bo Xay dung
81 Tran Cung, Cau Gidy, Ha Néi, Viét Nam
Email: trungvuthanhl975@gmail.com

TOM TAT: Hé két ciu bao che dugc ting dung rong rii cho cac cong trinh xay dung tai Viét Nam. Hé két cdu nay phu bén
cac mat ngoai ctia cong trinh va chiu nhiéu loai tac dong khac nhau nhu nhu gi6, mua, nhiét do, tiéng on... Do do, hé nay
phai dam bao yéu cau chiu luc, d6 kin nude, d6 kin khi, do cach am... Bai bao nay trinh bay mot s6 dang hu héng va mot )
thtr nghiém cho cac mo hinh thyc ciia hé két cAu bao che di duogc thuc hién tai Vién Khoa hoc Cong nghé Xay dung trong

thoi gian vua qua.

TU KHOA: Hé két ciu bao che, thir nghiém, tai trong gio, dong dat.

ABSTRACTS: Facades are used popularly for buildings in Vietnam. These structures cover outside surfaces of buildings

and stand for actions such as wind, rain, temperture, noise...;
performance, water tighness, air tighness, sound perfomance...

therefore they have to meet requirements of structural
This paper presents some types of failures and tests for

proper full-size specimens carried at Vietnam Institute for Building Science and Technology recently.
KEYWORDS: Facades, mock up test, wind loading, seimic loading.

1. PAT VAN PE

Hé két ciu bao che cho cac cong trinh tai Viét Nam
rat da dang véi nhiéu loai khac nhau nhu: hé mat dung
nhém kinh (HMDNK), hé mit dung bang da, hé tim
kim loai bao che.... Ngoai ra, hé két ciu bao che 1a hé
chiu tai trong gi6 dau tién ciia cong trinh va tir d6
truyén dén hé két cdu chiu tai trong ngang ciia nha
(cot, vach, 15i...), do d6 thiét ké hé két cAu bao che
chiu tai trong gio, ciing nhu viée kiém tra chét luong
14 mot yéu cau can thiét. Do ddc thu cta hé két cau
bao che, viéc kiém dinh danh gia chét lugng trude khi
lap dung 1én cong trinh thudng thong qua thir nghiém
trén mo hinh thuc. Bai bio nay trinh bay cac yéu cau
k¥ thuat, thtr nghi€ém hé két cAu bao che di duoc thuc
hién ¢ Viét Nam trong mot sb nam gan day.

2. CAC DANG HU HONG POI VOI HE KET
CAU BAO CHE

Céc loai tai trong tic dung 1én hé két ciu bao che
bao gom: Tinh tai, tai trong gio, tai trong dong dat, tai
trong nhiét, tai trong no, tai trong va cham... Trong do,
tai trong giod 1a loai tai trong chd yéu va quan trong nhat.

Nguyén nhdn hu hong cia hé két cdu bao che
thuong do cac tai trong tic dong ké trén giy nén,
ngoai ra con c6 cac nguyén nhadn khac nhu: nudc,
chét lugng vét liéu bao che va lién két khong dam bao,
nhiét d9, vat thé bay va cac 13i thi cong lép dat va thiét
ké. Phan tmg cong hudng khi xay ra c6 thé sinh ra cac
tuong tac phuc tap, chuyén dong ciia ban than két cau
din dén céc luc khi dong thém duogc tao ra.

2.1. Hwe héng do tac dong cua gio

Hu hong ctia hé két cau bao che dudi tac dong clia
gi6 1a dang hu hong phd bién nhét (xem Hinh 1).
Thiét ké hé két ciu bao che chiu tai trong gi6 1a mot
trong cac yéu ciu quan trong nhit. Tuy nhién, hién
nay van khong c6 phuong phap tinh toan dy du cho
thiét ké cua moi hé két cau bao che véi kich thude va
hinh dang khac nhau. Mic du tat ca cac tiéu chuan tai
trong va tac dong trén thé giéi da thé hién cac ving co
ap luc gi6 cao tai cac goc cua cong trinh ké ca TCVN
2737:1995[ 1], nhung viéc xac dinh chinh xac tai trong
gi6 1én cac vi tri cuc bd cua hé két ciu bao che 1a rat
kho khan. Pac biét 1a cac cong trinh hién dai c6 xu
hudng khong déu din va co hinh déang phirc tap va
dugc xay dyng trong ving cé anh huéng manh cia dia
hinh va céac cong trinh xung quanh (trung tam cac do
thi 16m). Cac thiét hai do gio gay ra cho hé két ciu bao
che khong giy sup do cong trinh nhung gy nguy
hiém cho ngudi sinh sdng bén trong va bén ngoai, giy
hu héng cho noi that.... Ngoai ra, vi€c sua chira cac hu
hong d6 rat kho khian, 1au dai va ton kém. Do d6 cong
tac thir nghi€ém hé két cAu bao che bﬁng mo hinh thuc
(Mock-up test) dé kiém tra chat luong 13 rit quan
trong, nham phat hién sai sot dé diéu chinh lai thiét
ké, lap dat.
2.2. Hue hong do nudc

Hu hong do nudc duoc chia lam hai phan: mot 1a
do su lot nudc, hai la sy ngung tu (xem Hinh 2). Hu

hong nay lam suy giam kha nang chiu lyc cta hé két
cAu bao che vé lau dai, gdy ra nim mdc, anh hudng t6i
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chat luong khong khi bén trong nha. Viéc sira chita hu
hong nay rat kho khan va ton kém, nhung lai c6 thé dé
dang xu ly trong thict ke va lap dat.

Hinh 1. Hinh anh mét sé pha hoai
cua h¢ ket cau bao che do gio

Hinh 2. Hinh anh mét sb dang hu hong do nuédc
2.3. Hu héng do tac dong ciia nhiét

Tai trong nhiét can duoc tinh toan can than khi
thiét k¢ HMDNK. Sy chénh I¢ch nhiét d 16n gilra cac
vung khéc nhau cua kinh gay ra cac vet nat nhiét (xem
Hinh 3). Vét nirt nhiét thuong vudng gdoc voi khung va
mo rdng ra toan bo mat kinh. Khi kinh bi hu héng do
nhiét thi can phat hién sém dé thay thé khi vét nut
phat trién rdng, kho c6 the stra chira dugc.

Hinh 3. Hinh dnh mét s6 dang hu hong do nhiét 6

2.4. Hu héng do tac dong ciia chuyén dich do gié
hoic dong dat giy ra

Chuyén dich cta cong trinh do gi6 hoic dong dat
gdy ra sé gay hu hong dén hé két cdu bao che, dic biét
1a HMDNK cuia cong trinh cao tng (xem Hinh 4). Do
chuyén dich cua cac vi tri cia hé két ciu bao che khong
déu nhau nén s& gy pha hoai cuc bo dén lién két giira
két cdu chiu lyc chinh cta cong trinh (khung, vach) va
hé mat dung, khung nhom hodc kinh. Thong thuong,
cac hé két cu bao che phai duoc thiét ké dé chiu duoc
dich chuyén ngang léch tang do thiét ké qui dinh.

Hinh 4. Hinh anh mot sé dang hu hong do tac dong
cua chuyeén dich do dong dat

3. CAC YEU CAU KY THUAT DOI VOI HE KET
CAU BAO CHE

Hé két cdu bao che can dam bao cac yéu cau ky
thuat sau:

- Bam bao kha nang chiu luc (dudi tic dung cia tai
trong gio, tai trong nhiét, dich chuyén ngang va dang);

- Pam bao an toan st dung (bién dang) va d6 6n dinh;

- bam béo cac yéu cu vé d6 kin khit (do lot khi,
do6 lot nudc);

- Kha nang chiu va dép;

- Kha niang cach am, cach nhiét;

- Kha nang truyén anh sang tu nhién.

Ngoai dam bao cac yéu cau vé ki thuat, hé két chu
bao chelphéi duoc thiét ké sao cho thuén tién cho thi
cong, t’iét kiém, dén} bé,o my thudt, hién dai va hai hoa
voi kién trac. HE két cau bao che ngoai viéc dam bao
an toan, vimg chac con tang tinh thdm my cho toa nha,
tao sy thong thoang bén trong, tiét kiém nang luong.
4. THU NGHIEM TREN MO HINH THU'C
4.1. Gioi thiéu

Thir nghiém dénh gia chat lugng ctia hé két cau bao
che trép mo hinh thyc da duoc sir dung rat pho bién
trén the gidi, ¢ Péng Nam A ¢6 hai nude Singapore va
Phillippines c¢6 h¢ thong thir nghiém HMDNK kha hién
dai. Loai thir nghiém nay da giup rat nhiéu cho céng
tac kiém tra chat luwong ctia hé két cau bao che nhu
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kha nang chiu lyc dudi tic dong cua ap luc gid, do kin
khi, d9 kin nudc, kha nang chiu tai trong dong dat, kha
nang chiu va dap, cach am, cach nhigét...

Gan day, Vién KHCN Xay dung da tién hanh dau
tu hé th()ng’ thiét bi dé phucrvu 'céng tac thtr nghiém
d{;nh gia chat lugng pﬁa hé keét cau baq chq. Pon vi d?l
tién hanh duqq nhiéu thir nghi¢ém d§ kiém tra chat
lugng cua h¢ két cau bao che cho nhiéu cong trinh tai
Viét Nam (khoang 100 cong trinh): toa nha PV GAS
(Ho Chi Minh), toa nha Petroland (H6 Chi Minh),
nha ga hanh khach quéc t€ san bay Da Nang, nha ga
hanh khach san bay Phi Quéc (Kién Giang), nha Di€u
hanh Tong cong ty Cang Hang khéng Viét Nam (HO
Chi Minh), nha may Nhiét dién Ving Ang 1, Nha may
TCIE Viét Nam ...Cég thr nghiém duoc tién hanh
theo cac hé tiéu chuin cia My (ASTM[2, 3, 4],
AAMALJS, 6, 7, 8]), Uc (AS)[9]. Céc thir nghiém nay
da giup rat nhiéu cho cac nha thau thi cong khac phuc
ca”lc khiém khu’yét (cau tao cac liénﬂ két, do k1:n C}ia két
cau bao che, cau tao tairvj tri ctra s0...) cua két cau bao
che trudc khi dua vao lap dat tai cong trinh.

4.2. H¢ thong thiét bi thir nghiém

H¢ thong thiét bj cia Viéen KHCN Xay dung, kha
hién dai va tuong doi day dﬁ‘ dam bao phuc vu tot chp
cong tac thir nghiém (So d6 thir nghiém cho hé keét
cau bao chq dugc thé hién tai Hinh 5), cac thiét bi
chinh bao gom:

- B‘uéng thir nghiém c6 kha nang thir nghiém mau
¢ chiéu cao t6i 15 m, chiéu rong té1 15 m (tuong
duong 3 dén 4 tang nha);

- H¢ thong bom khi ¢ chire ndng déo chiéu hit va
day véi kha nang tao ap luc duong hodc am Ién tdi
+6000 Pa (tuong duong vén toc gié 99 m/s hay cap 24
theo thang bao Beaufort). H¢ thong c6 kha nang tang
ap luc va gitt ap luc theo yé€u cau thtr nghiém véi do
chinh xac 1 Pa;

- Ap ké dién tir;

- Thiét bi do luu lwong khi (do do lot khi) véi do
chinh xac 0,1 L/s;

- Thiét bi thu nhan s6 liéu do da kénh;

- Thiét bj do chuyén vi dién tir c6 do chinh xac
dén 0,1 mm,;

- Hé théng bom nudc ap lyc cao;

- Thiét bi do luvu lugng nudc;

- Hé théng dan phun mura c6 kich thude 15 m x 15 m;

- Hé thépg quat tao gio c6 kha nang tao ap luc
770 Pa 1én bé médt mau thir nghiém (twong duong van
toc gio 35 m/s hay cap 12 theo thang bdo Beaufort);

- Hé thdng bén vat thé bay véi van toc dén 25 m/s;

- Hé thdng kich;

- Hé thé)ng tao nhiét.

4.3. Cac chi tiéu thir nghiém

- Tinh ning két ciu (v6i yéu cu chuyén vi cua
khung nhom/chiéu dai nhip < tor 1/125 dén 1/250,
chuyén vi ctia kinh/chiéu dai nhip < tir 1/60 dén 1/250,
tuy theo ti€u chuan)

- Do lot khi < tir 0,56 dén 278 L/(m’.s), tily theo
tiéu chuan;

- D6 lot nuée dudi ap luc tinh (v6i yéu cau khong
¢6 bat ky su ro ri nudc nao);

- Po lot nudc dudi ap luc dong (véi yéu ciu
khong co6 bat ky su ro ri nudc nao);

- Do lot nuée dudi ap luc tuan hoan (voi yéu cau
khong co6 bat ky su ro ri nudce);

- Tac dong cua nhiét tuan hoan (véi yéu cau khong
¢6 su pha hoai vo6i keo silicon , kinh hodc cac lién ket
khac);

- Dich chuyén ngang va ding do dong dat va gio
gay ra (voi yéu cau khong c6 su pha hoai voi khung
nhom, keo silicon, kinh hodc cac lién két khac);

- Tai trong & trang thai cyc han (véi yéu cau
khong c6 su pha hoai voi khung nhom, keo silicon,
kinh hodc cac lién két khac).

I
Mau thi
nghiém
Dan phup
e
Budng
Khi
% % % %
Bdng hd 4
% % % 7 lrcnudc
Van
deutiet
B Mt cAtAA

Hinh 5. So dd tht nghiém cho hé két cAu bao che

Két qua thtr nghiém hé két ciu bao che co do tin
cay cao vi mau thtr nghiém la mau c6 kich thude thuc
(thuong c6 chiéu cao bang hai tang nha), st dung
chung loai vat li€u va cau tao nhu tai cong trinh thyc,
tai trong thir nghiém dugc xéac dinh tir cac két qua thi
nghiém bang ong thoi khi ddng hodc tir thiet ke.

4.4. Cac thong s6 vé thir nghiém h¢ két ciu bao che
duwgc thwe hién tai Vién KHCN Xay dung

Hinh anh vé thir nghi¢m hé két cAu bao che cua
mot s cong trinh duoc thé hién tai Hinh 6.

Ap lyc gi6 thir nghiém 16n nhat cho hé két cdu bao
che (mai toén) ciia mot sO cong trinh da thi nghiém
duogc the hién trong Bang 1.

Céc tiéu chi thir nghiém cho HMDNK cua mot sb
cong trinh da thyc hién tai Vién KHCN Xay dung
duogc the hién tai Bang 2.
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Bang 2. Cac tiéu chi thir nghiém cho hé mit dung
nhom kinh ciia m§t so cong trinh da thuc hién
tai Vién KHCN Xay dung

Tinh
nang .
két cu | Do lot | Do lot clljl:flz
TT| Téncongtrinh | (PO | nuoc | khi Y
A nod
bén (Pa) | (Pa)
s (mm)
gio)
(Pa)
Nha diéu hanh
Tong Cong ty
1 |cang hang khong | £1000 | 770 | +300
a) Thir nghiém HMDNK  b) Thir nghiém HMDNK ‘l\gﬁfhljam (HO Chi
cua cong trinh nha ga  cua cong trinh tru sé Co -
hanh khach quéc té - quan kiém toan nha nuée Khu phite hop
cang hang khéng quoc té co so 11 (Ha No6i) 2 l;)h‘vach i;n g‘;‘Ch +1920 | 300 | +100
Cam Ranh (Khanh Hoa) ang (Pa Nang)
Trung tam san
3 |xvat Chuong trinh | 4565 | 5000 |+1000| +15
(thudce trung tam
THVN) (Ha Noi)
Khu nha ¢ cao
4 |cap Viglacera +1914 | 300 | £300 | =+6
Tower
Vinhomes
5 |Nguyén Chi £1500 | 300 | £300
Thanh (Ha N¢i)
Nh:él khéach thanh | + 1620
6 |pho baNang (Pa | va 300 | +324
Nang) -1210
. 7 Trung tdm hanh 16380
¢) Thir nghiém hé ctra cuon ~ d) Thir nghiém hé mai chinh (P4 Ning)
cla cG'nAg trinh Nh‘a‘l m;ély téfl cﬁa’ céng trir‘lh 'l;rung Saigon South
TCIE Viét Nam (Da Nang)  tdm bdo chi (Da Nang) Commercial +2000 +300
. 8 | Complex - Phase va 450 | va-
H1nh 6. Hinh anh vé thu pghiém 1 Retail Mall (H6 | -1500 400
hé k&t cau bao che cuia mdt s6 cong trinh Chi Minh)
. . < X Tru s& co quan +1670
Bang 1. Ap lwe gi6 thir nghiém lén nhat cho hé ket kiém toan nha .
ciu bao che (mai ton) ciia mot so6 cong trinh da 9 | nude co so 11 ma | W 835 | £300
thuce hién tai Vién KHCN Xy dung Noi) -1340
Ap Iye gi6 thi Trang tim thih
TT Tén cong trinh nghiém 16n nhdt| | 10/ s o Lat (Lam | £1000 | 300
(Pa) bong)
X1 s 1y , . Khu cidn ho cao
| |Be,boi thanh tich cao thanh 2900 11 |chp Fusion Suite | +1740 | 300 | £300
pho Ba Nang (Da Nang) Pa Ning Beach
A A A X A Trung tdm
San van dong Can Tho (Can g
2 Tho) an cong ( 2000 Thuong Mai va +1840
12 | Van Phong Cho va 720 | +£300
s Diii (H6 Chi -
3 | Trung tam béo chi (Pa Ning) 3870 M‘;‘ﬂ(l) o Cht 1470
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4.5. Mt s6 kinh nghiém dworc rit ra

- Chét lugng thi cong va ciu tao h¢ ’két ciu bao
che rat quan trong va quyet dinh dén chat lugng cta

hé két cau bao che;

- K&t cau bao che tai cac vi tri goc/canh, hé hai
mat va cac cong trinh c¢6 hinh dang dac biét (noi
thuong cé ap lyc gid cao) thi can cé cau tao chac chan

dé dam béao kha nang chiu luc, d¢ kin nudc;

- Céc nguyén nhan gy hu hong va giai phap khic

phuc duoc thé hién tai Bang 3.

Bang 3. Cac nguyén nhan gay hu héng

va giai phap khic phuc

Ticu ,Chl Nguyén nhéan Giai phap khéc
TT thir A
o khong dat phuc
nghiém
Déi véi HMDNK
- Kinh khong dam
bao (46 day, loai
kinh); ) o
- Kinh thuong; ) Kmh co ‘?‘?
. day dam bao,
- Profile nhom Kinh cuone |
N . , g luc,
kholng dém bao; kinh dan...;
-Cautaobanmad | Profile nhom
khéng ddm bao; ¢6 chu tao dam
- Bulong khong |0 ’
Tinh dar'n.bao; . - Silicon dam
| |néng két |- Siliconkhong 36 cuomg do;
céu (o |dam bdo. - Chon lién két
bén gio) Doi voi hé bao che (vit...) ¢6 cAu
bang kim logi tao dam bao;
- Cau tao lién ket —‘B(”') tri khoang
gilra tdm bao che | .4ch neo giit
kim loai v6i khung (vit, méc neo)
dd khong dam bao hop 1y;
(vit bl twot, méc | _ ‘Tém kim loai
neo bitudt.); .4 45 day dam
- Chicu day tam |4,
kim loai khong
dam bao (bién
dang 16n...)
- Chiéu day va
- Silicon khong d6 kin cta
dam bao (khong | Silicon phai
kin, chiéu day dam bao;
khong dam bao); |- Cu tao cua
D6 lot | Chu tao hé thoat |cac cira cia .
2 nuée nudce khong dam | HMDNK phai
bao (ranh thoat diéu chinh
nude, ciu tao buc (gioang, boc
cira s); cua...);
- Gioang khong - Piéu chinh lai
dam bao; hé thoat nudc
cua HMDNK
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Ticu ,Chl Nguyén nhan | Giai phap khéc
TT thir A
" khong dat phuc
nghiém
- Silicon khong
dam bao (khong
kin, chiéu day
khong dam bao); |- Bit kin c6 khe
- Giodng khéng ~ [ho;
Po lot |dam bao; - Kiém soat céc
31 Khi |- He cua cia 16 thong gi6
HMDNK khong
dam bao;
- Hé thong thong
gi6 khong dam
bao
- Tang khoang
Kha o cach giira kinh
ning | tl"hletg ké khong |5 khung nhom;
chiu dich |42 bdo (Khung 1 o he
chuyén nlrlom, 'lfhoa’n & .| Unitized,;
4 do gio6 cach gluaAkmh va Dine Sil
va dong khung nhom, :ix Fflgk}tICQfl
dht éﬁy HMDNK (Stick, k? ten ket giua
Spider)) inh va phom
ra (han ché dung
lién két co khi)
- Tang chiéu
day kinh;
- Kinh khong dam |- Dung kinh
bao (bi v& hoac ban cuong lyc,
nat do dung kinh | kinh cudng
Tudn |thuong, chidu day |luc, kinh dén;
5 | hoan |khongdambao |_Kidm so4t do
nhigt | hodc do hoan thién | hoan thign cach
khong dam bao); | kinh;
- Profile nhom - Piéu chinh
khéng dam bao Profile nhom
(tiét dién, chiéu
day)
5. KET LUAN

Cong tac thir nghiém hé két cau bao che 1 rat can
thiét dé kiém tra chat luong trudc khi lap dat vao cong
trinh. Qua cong tac thir nghiém s& danh gia tong thé
chét luong cua hé két cAu bao che nhu kha nang chiu
luc (dudi tac dong cia gio bdo), do lot khi, dd kin
nudc.... Ttr d6 phat hién dugc ra cac khiém khuyét cua
toan hé, co cac giai phap khic phuc va nang cao chat
lwong cua hé két cAu bao che ciing nhu giam tac hai
do gi6 bao gay ra.
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TINH TOAN CONG TRINH NGAM BE TONG COT SOQI THUY TINH
CHIU TAC DUNG CUA TAI TRONG NO
COMPUTE GLASS FIBER REINFORCED CONCRETE
UNDERGROUND CONSTRUCTION UNDER BLAST LOADING

Trinh Trung Tiénl, Vi Binh L()ri1
"Hoc vién Ky thudt Quén su, Email: trungtienmta@gmail.com

TOM TAT: Bé tong cdt soi thuy tinh (GFRP) t6 ra c6 nhiéu wu diém ndi trdi so v6i bé tong cbt thép thong thuong khi phai
lam vi€c trong mdi truong khic nghiét nhu ngoai bién ddo. Bai bao trinh bay két qua nghién ciru _ung xUr cong trinh ngam
bé tong cbt GFRP dudi tic dung cua cac lwong nd khac nhau bang phin mém AutoDyn3D. Cac két qua nghién ciru tmg xir
ctia cong trinh ngam bé tong cdt GFRP dwoc so sanh ing xir clia cong trinh ngdm BTCT c6 cac thong sé tuong tw nhau, chi
khac 1a thay c6t GFRP bing cdt thép. Két qua nghién ctru trén 13 co sé dé chon, thay thé BTCT bang bé tong c6t GFRP
trong tinh toan thiét ké cong trinh ngam & khu vuc bién dao chiu tac dung cua tai trong nd.

TU KHOA: Tii trong nd, img xtr ciia cong trinh ngam, bé tong cdt GFRP.

ABSTRACTS: Glass fiber reinforced concrete reveals the surpassing compared to normal reinforcement concrete when it
is working in hardship conditions like islands or coast lines. This paper presented the results of study on response of
underground construction made from glass fiber reinforced concrete under blast loading with AutoDyn 3D software. The
results of this kind of concreted underground construction were compared to the similar structures but the glass fiber
reinforced concrete is replaced by normal reinforcement concrete. The above results also are the base of selection and
replacement normal concrete with glass fiber reinforced concrete for calculating and designing underground constructions
under blast loading.

KEYWORDS: Blast load, response of underground constructions, glass fiber reinforced concrete.

1. PAT VAN PE kién bién trén })é mdt gidi han c6 dang cho phép song

Bé tong co cdt chiu luc GFRP thay thé cbt thép truyén. qua, dieu ‘kiég bién nay dam bao do chan thuc
cua loi giai, so do bai toan nghién ctru va két cau cong
trinh ngdm nhu hinh 1. Cong trinh ngam bé tong cdt
GFRP va bé tong cbt thép co cung hinh dang, kich
thudc va cac thong s6, chi khac 1a thay c6t GFRP
bang cbt thép. Phéan tich, so sanh Ung xir cua cong
trinh ngdm bé tong cdt GFRP va BTCT khi chiju tac
dung cua cac lugng nd khéc nhau, dit cach thanh bén
cong trinh 2,0m. Trudng hop 1 lugng nd 9,53kg TNT,
truong hop 2 lugng nd 16,77 kg TNT.

¢6 nhidu wu diém ndi troi so voi bé tong cbt thép
thong thuong khi phai lam viéc trong méi truong khic
nghiét. Bé tong cdt GFRP di dwoc nhiéu nudce trén thé
gidi st dung [1,2]. Véi kha nang chiu dugc tac dung
an mon clia mdi truong, nén cdt soi thuy tinh rat thich
hop cho céc cong trinh ¢ moi truong 6 nhiém, xdm
thyc hay nhiém man. Trong bai bao nay tac gia trinh
bay két qua nghién ctu Ung xu coéng trinh ngam
bé tong cbt GFRP dudi tac dung cua cac luong nd
khac nhau bé'lng phﬁn mém AutoDyn3p. Céc két qqé Khong khi

nghién cuu ung xr cua cong trinh ngadm bé tong cot -1
GFRP duogc so sanh Véj ung xUu cua cong trinh ngﬁm Cong trinh
BTCT c¢6 cac thong so6 tuwong tu nhau, chi khac la
thay ¢t GFRP bang cdt thép. Két qua nghién ctu
trén 13 co s& dé so sanh, lya chon, thay thé BTCT
bang bé tong cét GFRP trong tinh toan thiét ké cong
trinh ngﬁm & khu vuc bién dao chiu tac dung cua tai
trong nd.

2. BAI TOAN NGHIEN CUU w il ﬂLfFT

Cong trinh ngam dit trong moi trudng cat vo han, Bién cho stng truyén quo
khi tinh toan ta lay thém 1 vung cat cé kich thudc nhat n
dinh bao quanh cong trinh va vung thudc nd, dat dicu ()

100

30

TH1: 9,53kg TNT
TH2: 16,77kg TNT

; Khong khi °

BICT M350

465

Cat

Bien cho séng truyén qua

Bién cho séng truyén qua
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Hinh 1. (a) Kich thudc va so db bai toan;
(b) két cau cong trinh ngam

3. TINH TOAN MO PHONG SO BANG AUTODYN 3D

3.1. M6 hinh héa bai toan

Két cdu cong trinh, ving dit xa tim nd va khong
khi duge mo hinh héa bang cach sir dung phan tir lugi
6 mat 8 nat déu dan, kich thude phﬁn ti & mo hinh
hoa cong trinh va vung dit xung quanh duoc chia nhod
hon cac ving khac. Khéi khong khi 1a lu6i Euler nén
cdn dam bao kich thuéc 6 ludi nho hon hodc bing
kich thuéc phan tir ludi Lagrange [3]. Thudc nd va
vung dit quanh tim ndé dwoc md hinh héa bing
phuong phap hat khong ludi SPH.

Bé& mit giita cong trinh va cat xung quanh c6 xét
dén su tach truot voi nhau, ma sat giita bé tong va cat
dugc ké dén v6i hé s6 ma sat tinh p, = 0,54 [4], hé s6
ma sat dong tai thoi diém ban dau pg = 0,5, hé sd tiéu
tan ma sat dong = 0,2.

C6t thép hay cbt soi thuy tinh duoc lién két chat
v6i bé tong, ting bén cho bé tong va khong co su tach
trugt. Cot GFRP hodc c6t thép dugc md hinh héa phu
hop vé6i két cdu nhu hinh 1b.

STEEL 4340

(vung Euler)

SAND

coNC3EMPA
Bé téng va cét

™wr viing Lagrange)

Dt xa tam né

. (vuing Lagrange)
Thuéc né va dat

quanh tam né

(vuing SPH)

Hinh 2. M6 hinh hoa bai toan
3.2. M6 hinh vit liéu
3.2.1. Thuéc né TNT
Pé mo hinh héa héa hién tugng nd va qua trinh

lan truyén ap luc nd, sir dung phuong trinh trang thai
do Lee — Tarver va Jones - Wilkins - Lee” (JWL EOS)

dé xuat. Theo d6 phuong trinh trang thai cua thubc nd
TNT va chat n6 twong duong c6 dang nhu sau [5]:

[0 we

p=C-D)e ™ +C1-D)e + 22 (1)
nv v

1 ny

trong d6: p 1a ap suat thiy tinh; v= 1 1 thé tich riéng;
P

p 1 khoi lugng riéng thude nd TNT; Cy, 1, Co, 1o, © 12
cac héng s()q doan nhiét QIIQC géc dinh ttr thi nghiém, doi
v6i thuoe no TNT cac hang s6 nay ¢6 gia tri nhu sau [3]:
p = 1,658g/cm’; C = 3,7377. 10° kPa; C,= 3,73471. 10 kPa;

n=4,157r=0,9 o = 0,35;tc d0 nd 6,93.10°m/s;
nang luong trén don vi thé tich 6.10° KJ/m®; ap suat
16 2,1.10” kPa.

3.2.2. Khong khi
Khéng khi dugc xem la khi 1y tuong, s dung
phuong trinh trang thai khi 1y twong [3] d€ md ta (mg
xur cua khong khi dudi tac dung cia vu no.
p=(—1Dpe @)
trong do: p 14 ap suét thuy tinh; p khdi lwong riéng cua

R , At s R .
khong khi; e ndi ndng riéng; y =1+ — 1a s mil doan
nhiét. Cac thong sd ciia phuong trinh trang thai c6 sin
trong thu vién cia phan mém AutoDyn.

3.2.3. Cdt quanh cong trinh

Phuong trinh trang thai, mé hinh bén, mé hinh pha
hiy va cac tham so vét liéu cua cat dugc lay theo tai
liéu [4] va da tich hop san trong bd thu vién vat li¢u
cua Autodyn.

3.2.4. Bé tong M350

Véi bé tong ta dung phuong trinh trang thai
P-Alpha, m6 hinh bén va m6 hinh pha huy RHT
Concrete [6]. Cac thong s mod hinh vat li€u duoc tich
hop san trong thu vién vat liéu cia Autodyn.

3.2.5. Cot thép
a. Phuong trinh trang thai

Déi vai cot thép sir dung phurong trinh trang thai
tuyén tinh. Phuong trinh trang thai dang tuyén tinh
cua cdt thép dugc md ta br:ing dinh luat Hooke theo
phuong trinh:

p=Ku 3)
trong do: p = [ﬁ— j; K 12 m6 dun dan hoi khéi ciia
Po
bt thép (K=1,59x10° kPa).
b. M6 hinh bén
C6t thép str dung trong két ciu thong thuong

duoc mo ta bai mé hinh bén Johnson-Cook [7]. Vi
mo hinh nay, Gng suat chay cua vat liéu thay doi
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phu thudc vao bién dang, téc do bién dang va nhiét
dd c6 dang sau:

Y=(4+Be,)(1+Che, )(1-1,") (4)
trong do: ¢, 1a bién dang déo; g; 1a toc do bién dang
déo; T, =(T-T,,,)/(T,us = T,n) 1a nhiét do tuong

duong; T,p0m 12 nhiét d6 phong; T, melt la nhiét d6 nong
chay; A, B, C, n va m la cac hang so vat li¢u.

¢. Mo hinh pha huy

Cbt thép 1a vat liéu dan déo sir dung mo hinh pha
huy do Johnson-Cook [7] d& xuéng. M6 hinh pha hiy
Johnson-Cook sir dung dé mé hinh héa su pha huy
déo cua vat liéu khi chiu 4p suét 16n, téc do bién dang
16n va nhiét do cao.

Dzzﬁ—j )

véie, = (Dl + D, )(1 +Dyn|&])(1+D,T7) - (6)

Theo m6 hinh phé huy nay vét liéu duoc gia dinh
la nguyén ven cho dén khi tong bién dang dat dén gia
tri pha huy &, (D = 1,0).

3.2.6 Cot sgi thiiy tinh (GFRP)

- Cudng d6 chiu kéo cao gip 2,5 dén 3 lan pét thép
A-III, trong lugng riéng nhe hon thép khoang 5 lan;

- Cot GFRP 1a vat liéu khong dang huéng, cudng
do chiu kéo 1on theg phuo‘ng cac soi, chi lam viéc
trong giai doan dan hoi cho dén khi pha hoai;

- M6 dun dan hoi nho hon thép.
a. Phuong trinh trang thai

C6t GFRP 1a vat lidu dan hoi truc huéng nén ta st
dung phuong trinh trang thai dang truc huéng dé mé
ta cho vét liéu dang nay. Phuong trinh trang thai dang
da thire dugce xac dinh nhu sau [3]:

p=K'e, +4(&,) +4(,) +B,+Be,)pe (1)

vol
Trong do: A,, As, By, By 1a cac héng sb vat liéu.
b. M6 hinh bén

Mo hinh bén cia ¢t GFRP 1a mé hinh bén dan
hdi. Theo mé hinh ndy tng suit chay 13 ham tuyén
tinh déi v6i 4p suét, thong sé dau vao cho md
hinh bén nay la mé dun cat G cta vat liéu theo
hudéng chinh.

¢. M6 hinh pha huy

Voi vat liéu GFRP khi chiu lyc khong c6 sy chay
déo, chi lam viéc trong giai doan dan hoi cho dén khi
pha hoai nén 4p dung mé hinh pha hay tng sudt/bién
dang [8]. Theo mo hinh nay tai mét diém nao dé néu
g suét hay bién dang dat dén cac gia tri gidi han thi
vat liéu bi pha huy.

Bang 1. Cic thong s6 mé hinh vat liéu
cuia cot sgi thuy tinh (GFRP) [8]

Céc thong | Pon Hang s6 vat liéu theo céc huéng
) vi
11 22 | 33| 12 | 23 | 31
KhO'lAhIQ’Ilg gfern? 1.96
riéng
Phuong trinh trang thai truc hudng
Mo dundan | | b | 303407 |3 4¢6|3.4¢6
hoi
HE so 026 | 0,26 | 0,26
poatxong
Mo dun cit | kPa 4,83¢6/4,83¢6/4,83¢6
Mo hinh bén dan hoi
MBS dun cit | kPa 6,9¢6

M5 hinh pha hily img suét/bién dang

Ung suat
pha huy kPa
khi kéo

6,9¢5 (2,07e5|2,07e5

Ung suit

Y £ kPa 2,07e5(2,07¢5|2,07¢5
cat 16n nhat

Bién dang
pha huy
khi kéo

0,045 {0,045 0,045

Bién dang

clen dang 0,05 | 0,05 | 0,05
cat 16n nhat

4. KET QUA MO PHONG SO BANG AUTODYN 3D
Tién‘he‘lnh md phong s6 2 truong hop cho ca cong
trinh ngdm bé tong cot GFRP va cong trinh ngdm
BTCT, khao sat ket qua:
- Gia tbc, chuyén vi va bién dang tai cac diém nam
chinh gitta bén trong tuong, ddy va noc cong trinh
theo cac phuong, két qua the hién ¢ bang 2, bang 3;
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Hinh 3. So d6 cac diém Gauge

- Ung suat Von — Mises (o,,,)clia bé tong trong
cong trinh ngdm BTCT va bé tong cot GFRP tai thoi
diém dat gia tri max;

- Luc doc truc cua cbt thép va cdt GFRP tai thoi
diém dat gia tri max.
4.1. Trwong hop 1

Luong nd 9,53kg TNT bd tri chinh giita cach
tuong bén cong trinh 2,0m.

ANSYS

MIS.STRESS (kPa) R18.2

3.042e+04

27400404
24380404
21370404
18350404
15340404
12320408
93028403
6.2860+03
3.2690+03
25260412
admodel3kg
Cycle 2369

Tirme 9.003E+000 ms
Units mm, mg, ms

Q*
z

Hinh 4. Ung suit Von — Mises (0o, ) cuabé tong
trong cong trinh ngdm BTCT tai thoi diém
dat gia tri max, lwong n6 9,53kg TNT

ANSYS

MIS STRESS (kPa) R18.2

2.986e+)4

2.685e+04

2389404

FLAXIAL (i)

fradky_20_9

1.470e+07

-1.01e+07

Cycle 25514
Time 9 OODE+000 ms
Units mm, mg, ms

Hinh 7. Lyc doc tryc trong cbt GFRP
cua két cau bé tong cot GFRP tai thoi diém
dat gia tri max, lugng n6 9,53kg TNT

Bang 2. Bién dang l6n tai cic diém Gauge
véi lwgng n6 9,53kg TNT

. Bé tong cdt thép Bé tong cbt GFRP
C?;ﬁ; Bién dang max Bién dang max
X Y X Y
3 2,3761E-03 3,9601E-03
4 2,4926E-04 2,8665E-04
5 1,393E-04 1,4626E-04
6 |0,9265E-04 0,9729E-04

Bang 3. Gia toc va chuyén vi I6m tai cac diém
Gauge v6i lwgng no 9,53kg TNT

2090e+04

1.792eH14

1.493e+14

1.185e+04

B8.959e+03

5973e+03

2 986e+03
v

0.000e+10

fraky_20_9
Cycle 25514

E'Zx

Time 9 OO0E-+000 ms
Units mm, mg, ms

Hinh 5. Ung suit Von — Mises (0o, ) cuabé tong
trong cong trinh ngdm bé tong cbt GFRP tai
thoi diém dat gia tri max, lugng n6 9,53kg TNT

ANSYS

FARIAL (mhy
R18.2

7.071e+07
B.11B6e+07 T
£.162e+07
4207407
3.253e+07
2.298e+07
1343407
3.890e+06
5655406

-1.520e+07

2475407

admodstSkg
Cyele 2389

Tirme 9.003E-+000 ms
Units mm, mg, ms

Hinh 6. Lyc doc tryc trong cbt thép cua két cAu BTCT
tai thoi diém dat gia tri max, luong nd 9,53kg TNT

316

Bé tong cbt thép Bé tong c6t GFRP
Piém | Gia tbc Chuyén vi | Giatdc |Chuyén vi
Gauge | phwong X | phuong X |phuong X| phuong X
() (mm) () (mm)
52,707 7,089 50,437 10,128
4 44,132 4,487 42,031 4,986
4.2. Truwong hop 2

Luong nd 16,77kg TNT bd tri chinh giita cach
tuong bén cong trinh 2,0m.

MIS STRESS (kPa)
38126404

34316404
30506404
2669e+04
22876404
19060404
15250404
1.144e404
76250403
38128403
0.000e+00

thepiBkg

Cycle 2394

Time 9.001E+000 ms
Units mrm, mg, me

ANSYS

R18.2

|ox
z

Hinh 8. Ung suat Von — Mises ( &,,, )
ctia bé tong trong cong trinh ngdm BTCT tai
thoi diém dat gia tri max, lugng n6 16,77kg TNT
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ANSYS PRESSURE (kPa) ANSYS

MIS.STRESS (kPa) R18.2 D] R18.2

3711e+l4

3.340e+04 13512404
2.969e+04
2.5988+04
2.227e+04
1.856e+04
1.485e+04
1.113e+4
7.423e+03
37116403
0.000e+00 -7

frp1Bkyg % frp1Bky

<] X
Cycle 2393 F Cycle 2393 =

Time 9.002E+100 ms Time 9.002E+100 ms
Units mm, mg, ms Units mm, mg, ms

Hinh 9. Ung suat Von — Mises ( &,,, ) cia bé tong Hinh 12. Minh hoa vu nd do lugng nd 16,77kg
trong cong trinh ngam bé tong c6t GFRP tai thoi diém TNT tai thoi diém 9ms
dat gia tri max, luong nd 16,77kg TNT 4.3. Nhan xét

- Vi lugng nd 9,53kg TNT tai chinh giita cach

e : tuong bén cong trinh 2,0m két cdu BTCT va bé tong

1 2a30000 { T N _ - cbt GFRP chua bi pl}é hoai. Bién dang va chuyén Vi
I RITT cua két cau bé tong cot GFRP 16n hon BTCT;

- Véi lugng nd 16,77kg TNT tai chinh giita cach
tuong bén cong trinh 2,0m két cdu BTCT va bé tong
cot GFRP deu xudt hién vét niit trong bé tong, nhung
cdt thép va ¢bt GFRP chua bj pha hoai. Két ciu cong
trinh ngdm bé tong cdt GFRP c6 vét nut va do vong
16n hon so véi két cau cong trinh ngdm BTCT do
thanh c6t GFRP ¢6 md dun dan hdi nho hon thép.

4.189e+17

2.003e+07

-1.830e+06

-2.369:+07

-4 565e+07

5. KET LUAN

thep1Bky
Cycle 2394
T —— Tir cac két qua mo phong s trén ta thiy:

- Cot GFRP c6 thé thay thé cbt thép trong cong
trinh ngdm chiu tac dyng cua tai trong no. Ung xir ciia
cong trinh ngdm bé tong cdt GFRP vé mit dinh tinh

tuong tu nhur cong trinh ngdm BTCT;

Hinh 10. Lyc doc tryc trong cbt thépcua két cAu BTCT
tai thoi diém dat gia tri max, lugng n6 16,77kg TNT

FAXAL (mi)
4512+ - Véi cung khdi luong luong nd, vi tri, cur ly t61 cong
S trinh két cau cong trinh ngam cot GFRP 6 bién dang va
B chuyén vi cyc dai 16n hon cong trinh ngam BTCT;
25896107 - O nhitng noi c6 diéu kién khic nghiét nhu bién
1 54ge7 dao, cdt thép rat d& bi xam thuc gay hu hong két cau,
P nén c6 thé ung dung bé tong cdt GFRP trong xdy
I dung cic cong trinh qubc phong thay thé cho BTCT
thong thuong.
2.425e405
T TAI LIEU THAM KHAO
-1.258e+17
Py [1] Vi Ngoc Anh, Pao Kim Thanh va NCS. Bé tong
S va’i’ cot soi thuy tinh GFRP, cat va nudc bién. Hoi
Cycle 2393 Kién triac su Viét Nam.
Time 3.002E+000 ms . . .
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