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Abstract -Steel-wood cross breed basic frameworks offer a
cutting edge answer for building multi-story structures with
all the more naturally well-disposed highlights. This paper
presents a thorough seismic presentation appraisal for a sort
of multi-story steel-timber cross breed structure. In such a half
and half structure, steel second opposing edges are infilled
with pre-assembled light wood outline shear dividers to fill in
as the parallel burden opposing framework (LLRS). In this
paper, float based execution goals under different seismic
danger levels were proposed dependent on experimental
perceptions. At that point, a numerical model of the cross
breed structure considering harm amassing and firmness
debasement was created and confirmed by test results, and
nonlinear time-history investigations were directed to set up a
database of seismic reactions. The numerical outcomes further
fill in as a specialized reason for assessing the structure's
principal time frame and assessing post-yielding conduct and
disappointment probabilities of the half and half structure
under different seismic danger levels. A heap sharing
boundary was characterized to de-copyist the divider outline
sidelong power appropriation, and a recipe was proposed and
aligned when history scientific outcomes to assess the heap
sharing boundary. Besides, tremor incited non-auxiliary harm
and leftover misshapening were additionally assessed,
indicating that whenever planned appropriately, attractive
seismic execution with satisfactory fix exertion can be gotten
for the proposed steel-timber mixture basic framework.
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1. INTRODUCTION

e Notwithstanding the undeniable favorable
circumstances, the present uses of wood-steel halfbreed
structures have been restricted. In Canada, cross breed
structures have been utilized in a few different ways. In
Quebec and Ontario, there are many steel-wood spans,
where steel is utilized as the fundamental auxiliary
framework and wood is utilized as the optional basic
framework. This application is likewise basic in
structures, where steel goes about as the supporting
casing and wood as the planar components. Steel /timber
half and half structures have likewise gotten well known
in numerous different nations around the globe, for
example, USA, New Zealand, England and Japan.

o To amplify the timber development advertise, know-
how, basic principles, and standards are required, justas
a solid industrialization practice from the producers,
standard strategies in the inventory network, and a

contribution from the administration or different
specialists. Furthermore, there is the solid challenge of
the solid business, which for a long time has driven the
structure development showcase, because of the daily
practice, solid resources, and systems administration
inside both open and private elements; nonetheless,
these days solid industry needs to confront new
difficulties, for example, eco-accommodating norms and
individuals' impression of manageability and comfort of
the structure.

e Crossover development joins the auxiliary and design
highlights of segments produced using various materials.
In half and half development, different materials may
work autonomously or act together homogeneously, yet
are in every case superior to a solitary material. During
the most recent decade a ton of research has been done
on uses of cross breed structures; be that as it may, the
accessible data and subtleties for steel and wood halfand
half structures are scattered and not promptly available
to developers. The significant point of this postulation is
to play outa definite writing concentrate on existing half
and half steel and wood structures and recognize current
designing methods of hybridization alongside the
advantages and difficulties related with them. The
writing audit has featured the open door for wood-steel
half breed structures and existing information holes. In
addition, specialized programming bundles are
researched and their preferences and confinements as
far as anticipating auxiliary reactions of half breed
frameworks are talked about.

e The point of all the hybridization strategies is to ideally
use every material. Half breed materials can be
coordinated at part levels or potentially at the structure
framework levels. Cross breed frameworks configuration
is regularly considered for tasteful reason,
maintainability, ideal utilization of various material
properties, and so forth. Association detail is the
significant test related with crossover structures.
Conceivable inventive methods of interfacing the two
materials are examined.

2. LITERATURE REVIEW

Study into the presentation of multi-story wood structures
can be isolated into two classes; light lumber encircling, and
overwhelming wood development. The utilization of light
wood encircling for lodging in New Zealand has been all
around archived (Garret 1990). This exploration comes full
circle in NSZ 3604 for the plan of light wood encircled
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structures, which covers vague structure of structures fitting
inside the extent of the norm.

Impressive work has likewise been performed with respect
to the structure of multi-story handle shear dividers (Stewart
1987, Deam 1997) and hysteretic circles and investigative
models have been created. In any case, it is necessitated that
enormous dividers be utilized for this strategy to guarantee
sufficient parallel opposition. This can imply that for medium
ascent structures an extensive number of inward dividers
will be required to oppose horizontal stacking. This
essentially 'locks' the inner space of the structure m aking a
difference in utilization unthinkable. What's more, present
day business structures frequently require open arrangement
in inward spaces, utilizing dividers incomprehensible.

This technique for development under inelastic sidelong
stacking shows a lot of squeezing conduct (a critical
misfortune in solidness because of the inelastic harm around
each nail permitting development), prompting an impressive
loss of firmness during cyclic stacking,

The utilization of cross covered (cross-lam) boards has
likewise gotten well known for use in medium ascent
structures in Europe (Ceccotti 2008), with quick erection
being acknowledged utilizing pre-created tilt up boards. Be
that as it may, this framework despite everything requires a
broad number of dividers making it unacceptable for open
arrangement structures.

The advancement of a multi story building framework for
lumber depends on the improvement of either a second
association or a supported framework. Albeit extensive
improvement in the development of second safe knee joints
for gateway surrounded structures has been accomplished
(Hunt and Bryant 1988, Van Houtte 2003) a possible casing
association stays illusive. Fairweather (1992) and Buchanan
and Fairweather (1993) endeavored to create second
associations assembling plastic disfigurement at the interface
between the pillar and segment part. These associations
endured conceivable weak disappointment because of the
inconstancy of the Glulam individuals.

The Hybrid Connection in Reinforced Concrete

Starting in late 1985 an examination venture known as the
U.S. PRESSS (Precast Seismic Structural Systems) program at
the University of California, San Diego, started a broad
measure of exploration on precast cement with jointed
flexible second associations. This examination considered the
mix of mellow steel as well as completely or incomplete
reinforced post-tensioning (Priestley 1991, 1996; Priestley et
al,, 1999).

Maybe the most alluring association with emerge from this
examination is the 'half and half association. This
consolidates the utilization of unbonded post tensioning and
conciliatory mellow steel fortifying. The post tensioning will

stay flexible giving a bracing and recentering power while the
gentle steel yields during cyclic movement gave hysteretic
(the measure of vitality being discharged during
development) damping.

3. SOFTWARE INVESTIGATION AND STRUCTURAL
MODELLING

ANSYS

ANSYS is a limited component programming bundle. Seven
sorts of examination can be performed by ANSYS; in
particular, static, modular, symphonious, transient dynamic,
range, clasping and express unique investigation.

Most ANSYS component types are auxiliary components,
extending from straightforward fights and shafts to
increasingly complex layered shells and enormous strain
solids. Most kinds of basic investigations can utilize any of
these components.

With ANSYS direct and non-straight basic components can be
picked for examination. Material properties can be straight or
nonlinear, isotropic or orthotropic, and steady or
temperature-subordinate.

Steel is a direct isotropic material and with ANSYS, one can
pick consistent, isotropic, straight material properties from
the material library accessible.

In spite of steel, wood is a non-direct orthotropic material.
For non-straight material, if the pressure strain outline of the
wood part is known, the client can estimated the bend with
direct addition between the focuses and enter the multi linear
stress-strain relationship information in ANSYS. This will
permit ANSYS to all the more precisely model the plastic
misshaping of the material.

ANSYS bolsters bend fitting for hyper elastic, creep and
viscoelastic material conduct. Temperature reliance is
likewise upheld for every one of the three practices. Bend
fitting is utilized to get coefficients from test information that
client supplies for the material. Bend fitting includes
contrasting the test information with certain nonlinear
material models incorporated with ANSYS. With this element,
client can think about trial information versus ANSYS-
determined information for various nonlinear models. In light
of these examinations, client chooses which material model to
use during arrangement.

SeismoStruct

SeismoStructis a Finite Element bundle fit for foreseeing the
enormous uprooting conduct of room outlines under static or
dynamic stacking. SeismoStruct empowers the client to
perform seven unique kinds of investigation: dynamic and
static time-history, ordinary and versatile sucker, gradual
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powerful examination, eigenvalue, and non-variable static
stacking.

Material model accessible are: steel, solid, fiber fortified
polymer (FRP) and shape memory compound (SMA). By
utilizing these material kinds, the client can make a boundless
number of various materials, used to characterize the cross-
segments of auxiliary individuals.

SeismoStruct considers both geometric nonlinearities and
material inelasticity. Genuine auxiliary conduct is intrinsically
nonlinear, described by non-corresponding variety of
removals with stacking, especially within the sight of
enormous relocations or material nonlinearities. The spread
of inelasticity along the part length and over the area
profundity is expressly displayed in SeismoStruct taking into
consideration precise estimation of harm amassing.

Appropriated inelasticity components are getting generally
utilized in tremor building applications. In SeismoStruct, use
is made of the supposed fiber way to deal with speak to the
cross-area conduct, where every fiber is related with a
uniaxial stress-strain relationship; the sectional pressure
strain condition of shaft segment components is then
acquired through the incorporation of the nonlinear uniaxial
stress-strain reaction of the individual filaments (commonly
300-400) in which the segment has been partitioned.

Huge removals/turns and enormous autonomous
disfigurements comparative with the casing component's
harmony (otherwise called P-Delta impacts) are considered
in SeismoStruct, through the work of an all-out co-rotational
definition dependent on a precise depiction of the kinematic
changes related with huge relocations and three-dimensional
revolutions of the bar section part.

Numerous highlights of SeismoStruct make itan uncommonly
easy to understand and useful programming bundle. It has a
Wizard office which helps in making of edge building models.
The Wizard office empowers the client to make
ordinary/unpredictable 2D or 3D outline models and run a
wide range of examinations on the fly. The entire procedure
takes close to a couple of moments.

In this section, several prototype structures were provided,
and the nonlinear seismic performance of these structures
served as benchmark to provide recommendations on the
design procedure (e.g., which load sharing parameter k
should be adopted). The prototype structure con-figuration
mainly consisted of two parameters, one was building height
and the other was the lateral wall-to-frame stiffness ratio.
The building heights chosen were 3-story, 6-story, and 9-
story. The lateral wall-to-frame stiffness ratio, A, was an
important parameter affecting the load resisting behavior of
the LLRS, where A is defined as.

A= kwood-'iksrsal

Where Kuwood is the lateral stiffness of the infill wood shear
wall and can be determined as 0.4Ppeak/ in fill, where Ppeak
(kN) is the peak load resisted by the infill wood shear wall on
the backbone curve; and in fill (mm) is the Ilateral

displacement of the infill wall at 0.4Ppeak. Then, k-‘" teel isthe
elastic lateral stiffness of the steel moment-resisting frame
and can be determined by frame analysis or finite element
model-ing. Previous studies revealed that for practical
designs of the steel-timber hybrid LLRS, A normally ranged
from 1.0 to 3.0. A had a significant influence on the wall-frame
load sharing mechanism, energy dissipation capacity, and
ductility of the LLRS. If LLRS adopted a large A, the infill wood
shear wall tended to resist a large portion of the lateral load.
Accordingly, the ductility of the LLRS was likely to decrease
due to the stiffness and strength degradation of the infill
wood shear wall. In this study, three different lateral stiffness
ratios (i.e, A = 1:1, 2:1, and 3:1) were considered for each
building height, resulting in nine prototype structure designs.

Indistinguishable floor plans were embraced for all model
structures, as appeared in Fig. 4, which likewise gives the
rises of LLRSs. The story stature was taken as 3.3 m. The floor
live burden was taken as 2.5 kN/m?2 for places of business,
and 0.5 kN/m2 was taken as the rooftop live burden. The
dead loads for the floors and rooftops were 4.0 kN/m2 and
1.8 kN/m2, respectively. Mellow carbon auxiliary steel
Q235B, with a yielding quality of 235 MPa and modulus of
versatility of 206 GPa, was utilized for the steel outline
individuals. For each building tallness, the steel outline
individuals were estimated by fundamental necessities in
Chinese Code for Design of Steel Structures (CCDSS) [15] and
Chinese Code for Seismic Design of Buildings (CCSDB) [16],
and the sidelong solidness in every story gave by the steel
second opposing casing was gotten from alimited component
based weakling investigation. The segments of steel
individuals are summed up in Table 1. The solidness of the
infill wood shear divider in every story was resolved by the
parallel firmness proportion A, which approached 1.0, 2.0, or
3.0. At that point, the infill wood shear divider was planned
by the arrangements in the Chinese Code for Design of
Timber Structures (CCDTS) [17]. In particular, the solidness
of the light casing wood shear divider was structured as A
times the firmness of the steel outline, and the necessary
firmness of the light edge wood shear divider was
fundamentally accomplished by altering the formats of
sheathing-to-encircling nailed connections, for example,
utilizing littler nail separating for stiffer dividers. As
mentioned previously, the firmness of the wood shear divider
can be determined as the secant solidness relating to the 40%
of a definitive burden opposing limit. For the model
structures, the encircling of the wood shear dividers was
manufactured with 2 x 6 measurement amble (i.e.,, 38 mm x
140 mm cross area) with a dispersing of 305 mm be-tween
neighboring individuals, and 12d regular nails, which are
affirmed to ASTM F1667 [18], with 82 mm length and 3.8 mm
width were utilized as sheathing-to-confining clasp. Other
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plan data of the light casing wood shear dividers for the
model structures are recorded in Table 2. Darted associations
were utilized to interface the infill wood shear divider to the
steel outline. As per Li et al. [19], these catapulted
associations were intended to have adequate solidness and
quality with the goal that the shear power could be viably
moved among steel and wood, permitting the steel outline
and the infill wood divider to oppose horizontal burdens as a
double framework.

LLRS

L > 1
< S48

Steel moment
resisting frame

Wood shear wall
] »

s (v

|i8m

A ® © 5

Case 1 : Elevation (3-storey)

) © D

Case 2 : Elevation (6-storey)

| 3 JEET {
) ® © )

Case 3 : Elevation (9-storey)

Configuration of the prototype of the structure

Building | Story Column Beam Beam
height | no. (external) (internal)
H-
H-250 x 250 H-
L1 wox1a PPO175% 7 1504100x6x9
x 11
3-St 2 | H-200 350xl—1[-75x 7 H-
-Storey x200x8x 12 <11 150x100x6x9
H_
H-200 x H-
3 200x 8x 12 P20 1757 150%100x6x9
x 11
12,3 | H-300x 350xP11_75x 7 H-
" 1300x12x12 <11 150x100x6%x9
H-
6-Storey H-250x H-
45 1 250x 9x 14 350:11715" 7 150x100x6x9
6 H-250 x 250 H-250 x H-
x9x14 |175x7x11|150x100x6x9

H-300%x300
x 15 x 15

H-350x H-

123 175x7x11 | 150x100x6x9

H-250%250
x 14 x 14

H-350x H-

45,6 175%x7x11 | 150x100x6%x9

9-Storey

H-200%x200
x12x12

H-350x H-

7,8 175x7x11 | 150x100x6x9

H-200%x200
x12x12

H-320x H-
150x6.5x9 | 150x100x6%x9

Seismic information

As per CCSDB, a high seismic zone with structure force VIII
was expected for this investigation. The dirt condition was
chosen as type II, with a normal shear wave speed of the
upper 30 m of the site profile (Vs30) between 280 m/s and
480 m/s, speaking to a thick soil or solid soil condition.
Dangerous authentic seismic tremor re-lines, a large portion
of which have comparable soil conditions as the accepted site,
were chosen from the Pacific Earthquake Engineering
Research Center's Next Generation Attenuation (NGA)
database.

In CCSDB [16], the 50-year exceedance probabilities for the
earth-shudders considered in the 10, LS and CP limit states
were 63%, 10% and 2%, as per the normal return time of 50,
475, and 2475 years, separately. The plan range, concerning
the con-sidered seismic forces and soil condition, were
resolved utilizing the point by point arrangements in CCSDB
[16]. The level otherworldly increasing speeds relating to the
10, LS, and CP risk levels were 0.16 g, 0.45 g, and 0.90 g,
individually. As recorded in Table 4, the major time of the
flexible model structures went from 0.487 s to 1.408 s. To
catch the auxiliary reactions over the whole scope of periods,
the verifiable tremor excitations were coordinated to the plan
range with the period go from 0.2Tmin to 1.5Tmax, where
Tmin and Tmax were, respectively, the littlest and biggest
periods among the nine model structures. In this, the lower
bound caught the higher methods of the versatile structure,
and the upper bound caught the nonlinear reaction of the
structure, when yielding and solidness debasement happens.
The product bundle SeismoMatch [29] was utilized to lead
the coordinating utilizing the wavelet calculation proposed
by Hancock et al. [30]. The coordinating standards were that
the range of each ground movement with 5% damping ought
to be in every case near the structure range over the periods
going from 0.2Tmin to 1.5Tmax; in any case, 10%-15% fitting
mistake was worthy. Also, the normal range of the set-up of
ground movements ought to be over the plan range over the
coordinating extent. To make a seismic reaction database for
the proposed basic framework, nonlinear time-history
examinations were performed at three ghostly speeding up
(Sa)levels (i.e, 0.16 g,0.45 g,and 0.90 g), which compared to
the 10, LS, and CP peril levels.
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4. RESULT AND DISCUSSION
3-Story (A=2.0)
Loading sharing between steel frame and wood shear wall. 00
The lateral load distribution between the steel frame and CRRAY
. . 0.50
wood shear wall is represented by a load sharing parameter
K, which is calculated by Eq. (11) 040

k= an-nd 0.20 cp
- Ls
annd' + Vsseei 0.10

0.00
0.00 0.50 1.00 1.50 2.00
Vh/vy

Where Vwood is the sidelong burden opposed by the infill
wood shear divider, and Vsteel is the parallel burden opposed
by the steel outline. To explore the variation of k regarding
the 10, LS, and CP execution levels, the lateral load opposed
by the infill wood shear divider and that opposed by the steel 3-Story (A=3.0)

outline were recorded with nonlinear time-history A

examinations. Both the all out base shear and parallel - o

firmness proportion, A, had critical effect on the size of k. Fig. .

7.3 shows the heap sharing boundary x for every model

structure. The even pivot speaks to the proportion as Vb/Vy. . —
Here, Vb is the base shear of the structure comparing to the RSy s
most extreme between story float state under a particular 0.20 @
tremor excitation and can be straightforwardly acquired from 0.10

the time-history investigation, and Vy is the yield base shear

of the structure got from a weakling analysister. In Fig. 11, 020 100 e 200

one information point speaks to the outcome from one time- o

history examination. Strikingly, the connection among k and

Vb/Vy follows a comparable pattern in each of the nine model

structures. k nearly remained con-stant when Vb/Vy was 6-Story (A=1.0)

littler than 1.0, and k began to diminish when the base shear 045

was bigger than Vy. Subsequently, Eq. (12) is proposed to 040 0%3?'

. . . 0.35
estimate the estimation of k: o

0.25

};f[};—I_ 1] -0l * 020 o 10
{ y/(y +1) — 025 x (V,/V, —1.0) — 0.1 015 -

0.10

cP
0.05

Above condition is plotted as a bilinear line in Fig. 7.3. The 0.00

proposed condition gave a sensible estimation of the divider

outline load sharing instrument, and for most cases, it spoke

to a normal estimation of x from the set-up of tremor
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Figure 7.3 Load sharing parameter x in steel-timber
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hybrid LLRS

Non-structural damage

Seismic tremor initiated non-basic harm is likewise viewed as
a significant presentation pointer, particularly for execution
based plan. The harm state rules for float delicate and
speeding up touchy non-auxiliary segments are determined
in tremor misfortune estimation approach (HAZUS-MH MR5)
[31]. Harm to float touchy non-basic segments (e.g., full-
stature drywall allotments) is fundamentally an element of
between story float, while for increasing speed delicate
segments (e.g, mechanical gear), harm is ordinarily a
component of the floor quickening. Table 8 professional vides
the middle pinnacle between story float proportions and
pinnacle floor accelerations as execution rules for non-basic
harm as per Ref. [31]. Four non-basic harm states are
considered: slight, moderate, broad, and complete. Nitty
gritty descriptions of the harm states for different non-
auxiliary segments can be found in Ref. [31]. Slight harm can
be considered completely operational, which is normal for
the 10 execution level. Be that as it may, the LS execution level
might be related with moderate to extensive non-auxiliary
harm, and the CP execution level might be associated with
broad to try and complete non-basic harm.

Fig. 7.4 exhibits the middle pinnacle between story floats of
the proto-type structures. For float touchy non-basic parts,
slightharm is normal under the seismic excitation relating to
10 execution level for practically all model structures, while
moderate to broad harm of non-auxiliary segments is normal
for most cases under both LS and CP execution levels, which
gives between story float running from 0.76% to 2.07%. Be
that as it may, broad to finish harm of non-basic segments is
normal for four cases (i.e., 3-story working with A equivalent
to 1.0 and 2.0 under CP, 6-story working with A equivalent to
1.0 under CP, and 9-story working with A equivalent to 1.0
under CP).

35
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&
5 25
e
g 2
8 15
E
Bl 1 — = T
=
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0
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Figure 7.4 Inter-story drift response of the prototype

structures

Fig. 7.5 shows the pinnacle floor increasing speeds of the
model structures. The pinnacle floor increasing speeds of all
model structures under the seismic excitation relating to the
10 execution level were not exactly the presentation measure
for slight harm states (i.e., 0.4 g), showing next to no harm for
quickening touchy non-auxiliary parts under the 10 execution
level. Moderate harm of non-auxiliary segments was normal
for all model structures under the LS execution level, while
broad harm of non-basic parts was normal under the CP
execution level. For non-basic parts, the float initiated harm
was huger than the quickening incited harm, particularly
under the CP execution level. This was principally because of
the firmness corruption of the infill wood shear divider,
which expanded the time of the structure, further
diminishing the increasing speed reaction.
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CONCLUSIONS

A steel-lumber cross breed fabricating made of steel second
opposing edges and pre-assembled infill wood shear dividers
to oppose later loads for multi-story structures has been
proposed. This paper presents a seismic presentation
appraisal for these half breed structures. The presentation
based seismic plan destinations under the 10, LS, and CP
execution levels were talked about and characterized. Nine
model structures with three structure stature levels (i.e., 3-
story, 6-story, and 9-story) and different infill divider
arrangements were planned. The infill arrangements were
structured dependent on the sidelong infill-to-outline
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solidness proportion, A. FE models were created for the steel-
wood half and half structures, and thorough nonlinear time-
history examinations were directed to explore the seismic
conduct of the model structures.

The parallel firmness proportion, A, urgently affected the key
period of the structure. By and large, when A expanded from
1.0 to 2.0, and the time of the model structure diminished
further by 15.0% when A expanded from 2.0 to 3.0. The
likelihood of disappointment, concerning a predefined risk
level, was assessed on the CDF given the exhibition model.
True to form, as A expanded, the shear divider top dislodging
diminished. The outcomes exhibited that the float focuses for
the LS performance level didn't control the plan of the LLRS
of the steel-lumber half and half structure. In this manner,
the presentation based plan of the proposed steel-wood half
and half basic framework ought to be centered around
measuring the steel and lumber individuals to have adequate
flexible firmness under the 10 execution level and keeping up
a sensible measure of post-yielding quality and solidness
under the CP execution level. The post-yield conduct was
firmly identified with the sidelong divider outline load
sharing instrument in the half and half structure. A heap
sharing boundary was characterized to depict the horizontal
power dispersion among the casing and the infill divider, and
arecipe was proposed by fitting the time-history diagnostic
outcomes to evaluate the heap sharing boundary.

Non-basic harm was additionally considered in the
presentation assessment. It is noticed that float incited harm
on non-auxiliary elements was more noteworthy than the
speeding up instigated harm, particularly under the CP
execution level. In addition, the most extreme residual floats
from each nonlinear time-history investigation were
removed, and the normal leftover float under every
exhibition level was report-ed. The outcomes showed that
for half and half model structures, the affirm age leftover
float was adequate under both 10 and LS execution levels. Be
that as it may, exorbitant leftover float was watched for
model structures with A equivalent to 1.0 or 2.0 under the CP
execution level. On the off chance that stiffer infill wood
shear dividers were received, (for example, A equivalent to
3.0), the lingering floats of the structure under CP execution
level could be altogether diminished to an increasingly
adequate level.

This investigation gave bits of knowledge and proposals to
execution based seismic plan of a steel-lumber half breed
basic framework, and the outcomes from the time-history
examinations can fill in as a specialized reason for assessing
the post-yielding conduct of the steel-wood cross breed
structure, considering the nonlinear divider outline load
sharing impact.

Future Scope

1. Cost analysis of the steel timber hybrid structure
should be analyzed.

2. Analysis of fully timber structure and compare with
fully steel structure.

3. Push over analysis of the timber steel hybrid
structure should be done.
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