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ABSTRACT:

A new solution to enhance the seismic behavioueioforced concrete moment resisting frames (RC-
MRF) is introduced. This solution is based on tke af expanded metal panels (EMP) to retrofit or
upgrade existing frames in terms of increasingrthgifness, strength and ductility. The EMP will
work as an additional lateral resisting system.telgtic behaviour of EMP is nearly the same asl Stee
Plate Shear Walls (SPSW) which are commonly usedJ#) Canada and Japan. The seismic
behaviour of EMP has been tested by both expermhand numerical studies. A simplified model of
EMP under cyclic shear loading is also proposedadsess the efficiency of the retrofitting solution
many RC-MRF are designed in accordance with EC2 @8 and their capacity evaluated with
reference to FEMA356. Static and dynamic nonlireralyses are conducted on the simplified model
of EMP. A comparison between the behaviour of theretrofitted and upgraded structures shows that
the proposed solution is effective in reducingeé&snfluences on the structures.
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1. INTRODUCTION

The response of a RC-MRF building subjected to rgeseismic loads depends primarily on strength,
stiffness and ductility of its members and on dietgiof its individual component and of joints
between its components. Many RC-MRF constructeddmsigned not according to modern seismic
code such as EC8 [4] may not have enough ductdttgngth or stiffness, leading to severe damages
or even collapse during small earthquakes. Stremgtly their components or increasing their stiffnes
and ductility with little disturbance to the buifdj occupants to meet requirements of modern codes
always pose a great challenge to the engineehelast decades, many retrofit systems such als stee
braces, SPSW, aluminium shear wall and reinforcedcrete shear walls (RC-SW) have been
extensively studied and used to seismically retrafid upgrade RC-MRF. These systems provide
more additional lateral stiffness and strength @unctility to the structures.

The objective of this study is to present anothesmsic retrofitting system using Expanded Metal
Panels or EMP. The EMP, loaded in shear, is exgarially and numerically studied. It is found that
its behaviour is similar to that of shear walls mddom metal such as SPSW. This study also
investigates 4 RC planar frames, two being desigoedsponding to only EC2 [3] and two others to
both EC2 [3] and EC8 [4]. The two frames in theédatase are designed using elastic methods (latera
force and multi modal elastic ones) for a ‘typeedrthquake of EC8 with peak ground accelerations
(PGA) equal to 0,159 and a soil type C. All fraraes then evaluated to determine their capacitids an
deficiency by using nonlinear static and dynamialgses. It is expected that the poor performance
and deficiencies of the existing frames will be rngd by the application of EMP. The seismic
resisting capacities of the new frames are assésgedns of maximum applied PGA resisted by the
frames without and with EMP, the limits on inteorst drifts and the energy dissipation capacity.



2. BEHAVIOUR OF EMP UNDER SHEAR LOADING
2.1 Introduction

Expanded metal (EM) is a truss made from metaltdheeuttings, cold-stretching and flattening [1],
[2]. Cuttings and cold-stretching make a metal sheeome a three-dimension structure. It becomes a
two-dimension sheet by flattening. An EM sheet,saswn in Figure 1, has many rhomb-shape
stitches. Each rhomb-shape stitch has four bats exactly the same dimensions; it is geometrically
characterized by four dimensions — LD, CD (the dias), A (the width), and B (the thickness of the
bars). These dimensions are illustrated in Figure 2
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Figure 1 —Fabrication of expanded metal sheets  Figure 2 —An expanded metal rhomb-shape stitch
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There are two types of EM product: normal or staddend flattened types. In the normal type,
rhomb-shape stitches are connected together wehaps at the end of each bar. In contrast, tieere i
no overlap between stitches in flattened type ay #Hre continuously connected together to form a
flattened sheet. The EMP is automatically produagsdectangular panels having the dimensions of
approximately as £1250x+2500mm depending on gedca¢tharacteristics of the EM stitches. Up to
now there are no calculation and mechanical caitien these types of material, so it is seldom used
structural applications. To exploit EMP to seisriicaietrofit RC-MRF, its behaviour in shear is
experimentally and numerically studied. First, tlengests are performed to characterise mechanical
properties of bars of the EMP. Then, a series stbten small and large EMP panels monotonically
and cyclically loaded in shear is carried out teestigate their behaviour. Calibrating the tests by
using FINELG, a fully nonlinear code developed ativdrsity of Liege, is then performed. It is
observed that the results by the numerical simaraind by tests fit well together [1], [2].

2.2 A simplified behaviour model of the EMP loaded in bear by numerical approach

Each bar of a rhomb shape stitch is modelled ab &eam, having seven degree of freedoms and
constant rectangular section with a simplifiedrghr stress-strain material law [1, 2]. Linear tidas
analysis defines the elastic stiffness. After thiag critical behaviour is examined to obtain saler
critical loads corresponding to different instafyilnodes. The first mode is used to define the sludip

the initial deformations for the full nonlinear &yss. Numerical simulations are performed under
monotonic and cyclic shear loading with differeyppds and dimensions of the EMP. Depending on
the ratio between width and height of the EMP, they catalogued as three groups: square panels;
rectangular panels with ratio 2:1 and 3:1.

2.2.1 Monotonic behaviour of the EMP loaded in shear

As observed from the tests [1, 2], the behaviounfEMP loaded in shear is like that of an un-
stiffened plate. It can be divided into 2 stage®rpo buckling and post-buckling. Prior to bucidi

the stress of a web plate is a combination of twocpal stresses with equal magnitude: tensile and
compressive components. When the load increasese tstresses are increased until attaining the
shear buckling stress of the plate, and global leuckcurs. This elastic instability is marked byt-ou
of-plane deformations. The compressive principaésst cannot increase any further. The global
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behaviour of the plate is changed and pure diagtarile fields are formed. Therefore, the shear
ultimate resistance of the EMP is the sum of twmponents: prior to buckling, tension fields. Its
shear resistance prior to buckling is dependerntsoslenderness and the related critical loads.aFor
usual plain steel beam web, a slenderness (rativecfide of the sheet by its thickness), equab@
already corresponds to a very thin web. The slemdsr of the EMP goes up to 500 or 1000. In
addition, with same thickness, the EMP has a flaixstiffness much smaller than the full plate. This
implies that its shear strength prior to bucklisgrery limited.Figure 3 presents the developments of
the first critical loads with increasing dimensiarfsthe EMP. When the dimensions of the EMP are
large, these loads decrease rapidly and are appatedy equal to zero. Therefore the ultimate
resistance of the EMP is governed by tension fieldeloped on the sheet after buckling. Nearly 3000
numerical simulations have been carried out talse@volution of the ultimate load in function bét
dimensions of the different EMP. It is found thhere is a constant evolution of the width of the
diagonal band in tension depending on the sizéhefpanels, on the width/height ratio and on the
profile of the EMP.Figure 4 presents the relationship between the dimensibhiseoEMP and the
ultimate load of a rectangular EMP divided by theekness of the sheet, by the ratio between the
width and the length of the bars, by the lengtthefdiagonal of the EMP and by the ultimate stofss
bars. The most interesting result is the convergesicthese curves for large sizes of the EMP.
Depending on the ratio between width and heighthef sheets, the effective width of the EMP is
proportional to length of the diagonal bagg to the ratio between width and length of the loaesd

to a constant ratiy. The shear resistance V of EMP can be calculatedobowing formulae:

V =yal ,,Bf (Exp. 1). Where: 4, is the diagonal length of the sheet; f is thesstrgenerated in the

equivalent diagonal bar amd=Ally,; lpar being the length of the bars apdbeing equal to 0.3, 0.27
and 0.18 for square, rectangular with ratio 2:1 msatlangular with ratio 3:1, respectively.
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Figure 3 —Critical loads of the different EMP Figure 4 —Evolution of ultimate shear resistance

2.2.2 Cyclic behaviour of the EMP

Resulting from nearly 1000 numerical simulations €ifferent profiles and dimensions of EMP
cyclically loaded in shear, as Figure 5, an approximate bilinear model for hysteretic @b the
EMP, surrounded by a very rigid, pin jointed frahees been establishedHiyure 6. V, V, and \/, are
the critical, yield and ultimate shear forces of 8MP, andy, A,, A, are the yield, plastic and the
ultimate displacements, respectively. From point® @ the response is elastic and linear. Therether
is a shift of stiffness of the EMP due to buckliktpwever, the critical load Y approximately equals
zero so that the behaviour before global buckieeigligible. After buckling, an inclined tensionltle
develops and the EMP yields when the shear loadles From A to B, the EMP strains plastically
and from B to C, it unloads elastically with the line 8, parallel to OA. The length QGs
proportional to the plastic elongation of the tengiagonal. At the beginning of load reversalr¢his

a residual displacement of the EMP due to the iplast The plastic contraction of the opposite
diagonal occurs. The stiffness of the EMP at ttages is equal to zero. The length OB proportional
to the corresponding plastic contraction of thisgadinal, and is computed by GIBOC,;. The ratioB,
taken as 0.5, is obtained based on the plastiaythefoa thin plate [10]. The opposite tension field
behaviour continues from;@o E,. Contribution of compressive band, when loadseversed, is also
negligible. A new inclined tension field, corresporg to the line BE;, will develop in the opposite



diagonal when compressive stresses in this diagoedully recovered. At the point Ehe shear load
is equal to — Y. From E to K, the EMP strains plastically in the opposite dimttand it unloads
from F to G, parallel to OA. The plastic elongation of the @ladiagonal during the second half of
the cycle is proportional toB;. Hence GH; is given by: GH,=BG;D;. At H,, the EMP buckles and
from H, to B, an inclined tension field develops again. FromtBe second cycle is similar to the first
one. GD, and GH, are given by: @,=H;C, and GH,=BG;D..
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Figure 5 —Hysteretic behaviour of a 500mm square EMFFigure 6 —A simplified model of hysteretic behaviour
with the profile of A51-27-35-30 of EMP

3. DESIGN OF RC-MRF ACCORDING TO EC2 AND EC8
3.1 Description of the designed frames

Four RC buildings, having 3 and 6 stories and sinplan layout as defined ifgure 7 andTable lare
studied. The first two buildings are designed adicwy to EC2. The other two are designed to both
EC2 and EC8. The PGA is 0,15¢, the soil type igh€, Ductility Class is M, corresponding to a
behaviour factor q=3,9 and the coefficient of imtpacey, is 1. The bottom story height is equal to
3,5m, the other story height being equal to 3m.nBspans are equal to 5m. The thickness of slabs is
0,15m. To avoid significant over-strength, an dffier made to choose the member dimensions as
small as possible. A distributed permanent loa8l,67kN/nf represents finishing and partitions at all
floors. A distributed live load equivalent to a wyei of 3kN/nf is considered for occupancy at inter-
story floors, and a live load of 2kNfris supposed for roof. All frames are subjected adwoad of
0,9kN/nf on pressure surfaces and of 0,07kNbm suction surfaces. The material properties are
identical for all structures: concrete cubic cheggstic strength, f=25MPa and steel characteristic
yield strength, f=500MPa.
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Figure 7 —View of plan and elevation of the studied frames

Table 1 —Cross-sectional dimensions of members of frames

Frames| Number | a/DC/q Columns Beams Slab
of Internal External | Width] Height| Flange width
Stories
1 1/3 EC2 0,35x0,33 0,35x0,35 0,25 0,35 0,85 0,15
2 2/6 EC2 0,35x0,33 0,45x0,45 0,25 0,35 0,85 0,15
3 3/3 0,15¢9/DCM/3,9 0,35x0,35 0,35x0,85 0,24 0,35 ,850 0,15
4 4/6 0,15¢9/DCM/3,9 0,4x0,4 0,4x0,4 0,25 0,35 0,85 0,15




3.2 Analysis, design and detail of frames

All the buildings are symmetrical in plan and eléwa. Therefore, analyses may be performed as
planar frames for the two main horizontal direci¢8], [4]. Here, only the planar frames, paraitel
short edges of the plan and having less flexuiffhess than the perpendicular ones, are studied.
Accidental torsion effects are taken into accodijt The slab contributes to the stiffness of stddie
frames and the beams are computed as T-sectioh, theét reinforcement of the slabs within the
effective width of the beams considered in the beesistance. SAP2000 [5] is used to check cross-
sectional dimensions of all members, to determirgedombinations of internal forces of all frames
and to calculate detail longitudinal and transvershar of the structural elements. For the frames
designed to ECS8, the cracking of concrete is takém account: the flexural stiffness of beams and
columns are assigned to be one-half of the corretipg uncracked ones. The elements of the studied
frames are assumed to have adequate stirrup are¢hatplastic hinges are only form due to flexural
bending.Table 2to 4 show the modal properties and reinforcementiguration of the four frames.

Table 2 —Elastic periods of the not retrofitted frames andign base shear of frame 3 and 4 (in m)

Frame 1(3-story) Frame 2(6-story) Frame 3(3-story) Frame 4(6-story)

Un- Crack Un- Crack Un- | Crack | Design Un-crack | Crack Design basge
crack crack crack base shear shear
0,65s 0,88s 1,31s 1,85s 0,6bs 0,88s 215kN 1,165 s 1,% 220kN
Table 3 —Total weight and effective mass of the first modeight: kN, mass: kG)

Frame 1(3-story) Frame 2(6-story) Frame 3(3-story) Frame 4(6-story)
Weight %E. Mass | Weight %E. Mass Weight %E. Masg oMei | %E. Mass
1721,6 91 3486,4 86 1721,6 91 3536,1 86
Table 4 —Reinforcement configuration of the four frames

Frame/Numbel Beams (all stories) Column (number of stories »aretonfiguration)

of Stories Top Bottom | Exterior Interior

1/3 12010+2p10 | 3b14 2x8b8+1x8b14 3x8p8

2/6 12010+2p10 | 3p14 1x8P12+4x8P8+1x8P14 | 1x8P22+1x8P16+1x8P10+3x8P8
3/3 12010+2p10 | 3p14 3x8p20 3x8p20

4/6 12010+2p10 | 3p14 6x8P16 1x8b22+5x8b16

4. NONLINEAR SEISMIC RESPONSE OF RC-MRF WITH AND WITHO UT EMP
4.1.1 Introduction, basic assumptions and seismic input

To assess the efficiency of EMP, all frames arduated with and without EMP by using nonlinear
static (Pushover) according to EC8 and nonlineae thistory analyses (NLTH). Pushover is first
performed to assess the existing and retrofittachés. Then NLTH is used to check the results of
pushover analysis, and to assess the real behafistnuctures before and after being retrofitted.

&5 1 f‘, l 1 = {
2 [y I g L | I T
= 1 i 2 1 \ | |
= o5 4 £ 5 Ly TETHLE W M dy Ade A1
£ NMH LA PPN E= MV A A o
E o2 L Vi (L g 9 AL MR T
8 ey 1 \|| ‘f[ L' | \ []' | l”_ill ” TE Iy [ | |“ Yy
= _1_,2 i 1 < 1, ; | !’ I | } ¥
o 3 6 ° 1z 1s o 3 6 ° 12 15
Time(s) Time(s)

—— Accelerogram 1 - Soil C - type 1 - 0,15g — Accelerogram 2 - Soil C - type 1 - 0,15g
5 15 2 I |
] PR g 2 1 N \
£ . I )Y £ L
= ° P AN YEAY' ) NI{' WAL AT e £ %
82 o WA R NI ALLAY 8 NV A E o8
s 1 LI [ 1 T2 8 a1 y L IBLUN'LE BE & A
g 0 ) f g .t J I 1

-2 P
o 3 6 Time(s) 9 iz is (o] 3 6 Time(s) o 12 is
— Accelerogram 3 - Soil C - type 1 - 0,15g —— Accelerogram 4 - Soil C - type 1 - 0,15g
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To perform nonlinear analyses of the frames, esiimaof actual values of material strengths is
considered, instead of the design strength, inrameeflect the expected real over-strength of the
structures. For steel S500, a stress-strain diatypival of Tempcore steel £500MPa; E=200GPa)

is considered. For concrete C25/30, compressivendfimed strength of 33MPa is considered. Thee
equivalent viscous damping is defined at 5%. Thende excitation is represented by a set of four
artificial accelerograms, shown figure 8, with y;.S.g=1.1,15.0,15g.

4.1.2 Nonlinear modelling of the EMP and frame components

Nonlinear analyses are performed with SEISMOSTRWofware, developed by SEISMO Group
[6]. Flexural rotations are regarded as inelastapprty of frame members, while other deformations
are assumed to be elastic. Beams and columns adelleth as inelastic frame elements with
distributed plasticity. The fibre approach is udedrepresent the cross-section behaviour, and the
sectional stress-strain state of beam-column elsrierthen obtained through the integration of the
nonlinear uniaxial stress-strain response of thdividual fibres. A uniaxial nonlinear constant
confinement model, proposed by Mander et al. [1988fassumed for nonlinear properties of the
concrete. The confinement ratio is taken as 1,2Herconcrete core and as 1,0 for the cover. Anstra
corresponding to peak strength equal to 0,2% andtanate strain equal to 3,5% are adopted for the
analyses. An elastic-perfectly plastic steel stets®En diagram is assumed. Seismic performance
criteria are based on FEMA356 [9] with three levelsplastic deformations of beams or columns,
labelled 10, LS, and CP, standing for Immediate Wpancy, Life Safety, and Collapse Prevention,
respectively. Viscous damping of Rayleigh type dsuaned for NLTH with a damping factor of 5%
for the first and second modes. EMP is modellecaasaxial tension strut with a bilinear force-
displacement relationship for pushover analysis.

4.1.3 Response of the not retrofitted frames

Pushover and NLTH are used to check the seismionpeginces of all frames before retrofitting. In
pushover, gravity loads, equal to the sum of theddeads and 24% of the live loads as required by
ECS8, are kept constant while lateral loads, coordmg to uniform and modal load patterns, are
monotonically increased. The behaviour of the stmés from pushover is set forward by the capacity
curves, which represent the relationship betweenbtse shear and the horizontal displacement the
roof level. Transforming the capacity curve of tkal structure into a bilinear curve corresponding
the behaviour of a single degree of freedom straasing the rules of equalizing the displacements
and dissipated energy, a performance point or getadisplacement under a given PGA can be
determined. Seismic performance of the structurasgessed based on these performance points or
target displacements. Three criteria are considasdtie failure modes of the structures due torseis
actions: (1) soft-story mechanism; (2) local faéliand (3) at the state as the structure is 20%wbelo
the maximum strength attained. The following parmmrse characterize the results of pushover
analysis: \{"¥ andA,”Y — base shear and displacement at first yielI* ahdA," — base shear and
displacement at failure; E — dissipated enedyy***°— target displacement due to seismic action;
Max PGA - maximum PGA that the structures are ablresistTable 5and 6 present the results from
pushover analysiable 7and 8 present the results obtained by NLTH.

Table 5 —Response of the not retrofitted frames by pushawmatysis

Frame| Load Ve [ AY [Vt (A" | E Criteria of AL VST Max
Pattern (kN) | (m) (kN) | (m) (kNm) | failure (m) (kN) PGA

1 ‘Modal’ 2749 0,112 297,1 0,148 30,1 Soft-story | ,10 261 0,229
‘Uniform’ | 308,4 | 0,104| 344,3 0,152 36,1 Soft-story | ,09 286 0,25¢g

2 ‘Modal’ 147,7| 0,096 219,71 0,204 28,9 Local failur 0,164 244 0,18g
‘Uniform’ 170 0,09 | 256,21 0,204 34,6 Local failure ,164 291 0,18g

3 ‘Modal’ 347,3| 0,1 505, 0,34 133 Beam-sway 0,1 734 | 0,48¢g
‘Uniform’ | 398,5| 0,1 563,7 0,29| 122 Beam-sway 0,09 363 0,509

4 ‘Modal’ 158 0,09 | 265,2 0,256 47,7 Local failure ,1® 244 0,239
‘Uniform’ 183,7 | 0,084| 318 0,246 54,2 Local failure 0,13 273 0,28g




Table 6 —Drift of the not retrofitted frames by pushover s (%)

Frame 1 (Average of two load patterns Frame 2 (Age of two load patterns)

Storyl Story2 Story3 Storyl Story2 Story3 Story 4tor$5 Story 6
1,14 1,2 1 0,91 1,1 0,832 1,1 0,97 0,89
Frame 3 (Average of two load patterns Frame 4 (Age of two load patterns)

0,9 | 1,1 | 1 0,76 | 089 093 | 0904 11 | 0,78
Table 7 —Periods and max base shear of the not retrofiteedds from NLTH

Frame 1 (Average) Frame 2 (Average) Frame 3 (Aw®rag Frame 4 (Average)
Period Base shea Period Base shear Period Beame sheeriod Base sheay
0,6s 184,3kN 1,1s 233,9kN 0,52s 233,3kN 1s 252,3kIN
Table 8 —Max story drift (%) and top displacements (m) of tfot retrofitted frames by NLTH

Frame 1 (Average) Frame 2 (Average)

Storyl | Story2| Story3] Top Disp| Storyl Story2 Story®tory4 | Story5| Story6 Top Disp
0,7% 0,75%| 0,71%| 0,07m 0,70% 0,89 0,8% 0,77T% 0,72066% | 0,124m
Frame 3 (Average) Frame 4 (Average)

0,51% | 0,66%| 0,64% 0,064m 0,63% 0,71% 0,74% 0,72969%,| 0,64%| 0,118m

4.1.4 Comparison of behaviour between original and retrotting frames by pushover analyses

To evaluate the effectiveness of the EMP in enlmnseismic behaviour of frames, EMP are chosen
to carry the seismic forces. The design shearaddt story are evaluated on the basis of the compute
base shears. Depending on the deficiency of theetaifitted frames, types of the EMP are selected.
Because all frames are symmetric with three bayi? Bre put in the intermediate bay. In frame 1 and
3 (3-story frames), the EMP are put in the firadd aecond stories, while the EMP are put in the fo's
fourth stories in frame 2 and 4 (6-story framegc@use there is no hinge in the columns at theruppe
stories, no EMP is put thergable 9to 11 present the results from pushover analysfmioretrofitted
frames. Figure 9 shows the capacity curves andalaloget drifts of frame 1 before and after being
retrofitted. It is clear that with the presencdaled EMP, all frames are stiffer (decrease of theops),
stronger (increase of the ultimate strength) andenttuctile. EMP also absorbs a large amount of
energy during the earthquake. With EMP the new éwmman reach much larger displacements and
resist stronger earthquakes.

Table 9 —Periods of all frames with and without EMP

Frame 1 Frame 2 Frame 3 Frame 4

No EMP With EMP No EMP | With EMP No EMP| No EMP No BPM | With EMP

0,85 0,71 1,53 1,28 0,85 0,71 1,53 1,28

Table 10 —Drift of the retrofitted frames by pushover analky$#)

Frame 1 Frame 2

Storyl | Story2 | Story3| Storyl Story2 Story3 Story4 orgh Story6

0,74 0,77 0,79 0,66 0,76 0,78 0,79 0,78 0,73

Frame 3 Frame 4

08 08 | 0,79 064 | 072 | 0,75 | 075 | 074 | 07

Table 11 —Response of the retrofitted frames by pushoveryarsal

Frame | Load [V,” [AY [Vo" A" E Criteria of A9 | Max PGA
Pattern | (kN) | (m) (kN) (m) (kNm) failure (m)

1 ‘M’ 2915 | 0,052 | 476 0,208 73,6 Soft-story 0,08 36hg
‘U’ 365,7 | 0,056 | 483,8 0,144 50,2 Soft-story 0,07 3,

2 ‘M’ 268,1 | 0,09 4454 0,253 72,2 Local failurg 9,1 0,245¢g
‘U’ 347,7 | 0,083 | 535,6 0,235 89,2 Local failure 0,12 | 0,265¢g

3 ‘™M’ 352,1 | 0,06 656 0,34 175 Beam-sway 0,085 0,619
‘U’ 415 0,06 738,3 0,3 172 Beam-sway 0,07 0,629

4 ‘™M’ 288,2 | 0,09 4449 0,271| 88 Local failure| 0,14 | 0,285¢g
‘U’ 351,3 | 0,083 | 549,1 0,259 104 Local failure 0,12 | 0,32g
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5. CONCLUSIONS AND PERSPECTIVES

A novel system to retrofit reinforced concrete mammesisting frames is introduced. This consists of

assembling Expanded Metal Panels in the weakefestoBased on the comparison of seismic

performance of RC-MRF before and after retrofittimgde by nonlinear time history and pushover

analyses, the following conclusions are drawn:

1. NLTH points out that pushover analysis is succéssfucapturing the behaviour of low and
medium rise buildings.

2. The application of the proposed retrofitting systesults in an increase of strength, stiffness and
ductility. The energy dissipated by EMP is sigrafit, reaching about 50% of the total energy.

3. Although EMP cannot change the failure mechanisth®ftructures, it can reduce the demand of
seismic actions thanks to increases of strengttstffidless and ductility of the structures.

Next steps of this study are to:

1. Model more different types of RC-MRF with and withdcMP by both pushover and NLTH.
2. Characterise the use of EMP to retrofit RC-MRF anggest the design or retrofit procedures.
3. Make suggestions for the connections between the il RC-MRF.
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