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Abstract

The paper presents a work analysis of wooden beam®rced with glued composite
bands from the top and resin inclusions, taking etcount the rheology of materials.
The paper presents numerical model of the multinsteoeam work including
rheological phenomena described by linear equatiohsviscoelasticity. For the
construction of this model one used MES SIMULIA ABAIS environment in which
were prepared its own procedures containing rhémbgnodels. The calculation results
were compared with the literature data. One ha® @onanalysis of the advisability of
the use of CFRP reinforcements bands in termseaflogical phenomena.

Keywords: ABAQUS, CFRP, wood, resin inclusion, carsipes, layered structures,
MES, crawling, rheology, strengthening

1. INTRODUCTION

An important problem in the restoration and strbeging of wooden beams,
especially in historic buildings, is to maintaineth authenticity. To preserve
valuable pieces of wood, especially the polychramsculptured, which, due to
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their high historical and aesthetic values, carbeteplaced, new methods of
restoration and strengthening are required. Metlimdsiaintaining appearance
and dimensions and not interfering architecturakigle with reinforcing
elements [6].

With the help to solve these difficult problems @new structural materials in
the form of bands of various types of composited adhesives based on
various kinds of synthetic resins [1].

Method which preserves the original dimensions l@stbrical value of wooden
beams is to paste in the milled deep channels, thantop of the wood, fibre-
composite bands combined with a reinforced elenssiig glue. Due to the
large size of the channels associated with teclgicdb considerations and a
small thickness of produced bands one obtains ya théck glue line, de facto
resin inclusion, which can also play an importanérgythening role in special
cases even on their own, without the band [6].

Pasting bands inside cross-section and from abowvemly solves the problems
of preservation but it is also beneficial for sgtnreasons. Limited is the
possibility of delaminating at the meeting point tife band - wood, a
substantial part of the element cross-section wudex bridging, which
automatically eliminates the influence of defeatsthe wood. There are also
important issues of fire resistance. The availalegearch shows that hiding
bands inside the section increases the strengtheotested beams of glued
laminated timber during fire attempts by 44% corepao the beams reinforced
with external reinforcement [2].

The article presents an analysis of wooden bearfisctiens reinforced with
glued CFRP bands from the top, made of carbon fibrtierms of rheological
phenomena. Rheology problems have so far beenooked, one focused
mainly on calculating load capacity and stiffnessréases with short-term load.
Indeed, in this type of strengthening these in@edsend to be significant, but
the rheological phenomena may change this imagey Hne also a cause of
substantial redistribution of stresses within thdtimaterial section.

This article is only preliminary and fact-findinlumerical calculations were
made based on the results presented in the woflenf2[5]. One has also not
dealt with work issues of the element before refifay and the impact of
rheological phenomena occurring at this stage. Hi@blem is especially
important with respect to the reinforcing of theraént having a long history of
load. The authors hope to introduce discussionugh sproblems in future
publications.
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2. MATERIALSAND RHEOLOGICAL MODEL

Wood properties strongly dependent on its anatdmicactions. In the case of
beam decisive is the direction along the fibresastt parameters were adopted
in accordance with the values given in [2]. To sijthen the wood was used
CFRP band Sika CarboDur S1512. While to the contioinaf wood with band
one used adhesive composition based on epoxy Egsitian E57 and hardener
Z1. The elastic parameters were summarized in Thble

Table 1. Elastic parameters of used materials

Material materials constan the numerical valtie
E; 7800 MPa
E, 800 MPa
E; 800 MPa
Vs 0,4
WOOD \ZE 0,025
Voq 0,4
Gy 600 MPa
Gi3 600 MPa
Go3 600 MPa
BAND E 165 GPa
CFRP Sika CarboDur S1512 \% 0,25
E 2430 MPa
GLUE v 025

To describe the rheology of wood and glue one ambfive-parameter
rheological model shown in Fig. 1. It is assumeat the CFRP band does not
show rheological properties, which requires furtsteidy and confirmation.

E E,

L L
h n,
Fig. 1. Five-parameter rheological model
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Relaxation function takes the fornt of
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ParameterE and n of this model was calculated using the resultshefir

research samples of each of these materials andhéiieod of least squares.
These issues will be developed in the work [5].

3. RESULTS

The work considers one way to strengthen, in tlupgsed specific literature.

Analyzed way of introducing composite strengthenioghe work structure is

particularly useful in places where the three ste$aof the timber are exposed
and we expect them to remain intact. In the aforgioeed paper [2], the

authors carried out experimental studies and nwalegnalysis in the elastic
field for such beams, as well as for several othays to strengthen and for
beam made of solid wood. In the cited example, riexan elastic analysis
induced by momentary load we also analyze the dgicdl properties of

reinforced structural element. Static beam schentkethe cross-section with
dimensions are shown in Figure 2, and material degasummarized in Table 1.
The used composite band has a length equal tetigeH of the beam, the width
of 150 mm and a thickness of 1.2 mm.
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Fig. 2. Static scheme of analyzed structural elérttep) and a reinforced beam section
(bottom). Dimensions are given in millimetres

Numerical model was prepared on the basis of ME&gib system and
independently written in FORTRAN procedure UMAT @uslefined
MATerial) containing the relationship between stresd deformation for five-
parameter rheological model in the form of Jacolgtah) [4]:

Ao

C=—-.

aAe
To build the Jacobian (5.1) one used a centraleuifftial operator and
differential equation model of constitutive fiverpeneter model (5.2):

Pol+pb+p, =0y lE+qE+q[E. (3.2)

(3.1)

Each beam element (wood, glue, and band) was neaddal a separate part
(PART). The individual parts (PART) were combinesing the TIE function.
Cubic finite element C3D8R and comparatively C3D20Bre applied. The
implemented numerical model is consistent with #@msumptions of the
mechanics of layered structures presented in thiksy8] and [5].

3.1. Analysiswith momentary loads
Numerical analysis in the range of momentary loads carried out for force F
of 30 kN. The calculations were made for both selmbd beam (dimensions
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the same as reinforced beam), as well as reinfobszins. The maximum
deflection of the beam in the middle of the sparoamed to 18.5 mm (solid
beam) and 12.2 mm (reinforced beam)

Fig. 3. Distribution of deflections in the beamsofid wood F=30 kN, x,=18,5 mm

Fig. 4. Distribution of deflections in the reinfet beam F=30 kN, 44,=12,2 mm
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Fig. 5. Stress distribution in the direction of tieam axis at a load of F = 30 kN.
The cross-section in the middle of the beam span

3.2. Analysiswith long-term loads

The results of calculations with long-term load$ween 0 - 100 days of the

load operation as a function of the rheologicalad#fon increases as compared

to the immediate deflection were shown in Figure 6

In this figure were presented two rheological fimts of deflection

increments:

1. The function for unreinforced beam made of solidodabtained from
experimental studies presented in [5]

2. The function for reinforced beam by Fig. 2, obtdinkom numerical
calculations carried out in the ABAQUS.

The results clearly show an exceptionally bendfieféect on strengthening of

wooden beams glued from the top using compositéidand resin inclusions.
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After 100 days of operation the total load deflestare only 106% of initial
deflections of the reinforced beam and up to 137%ital deflections of the
unreinforced beam. In the long run, these diffeesnmay become even much
deeper.
140,00
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130,00

125,00

120,00

—+—unreinforced beam

115,00 (experimental studies)

—reinforced beam

110,00 (numerical calculations)

105,00
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0 10 20 30 40 50 60 70 80 90 100

time (days)

Fig. 6. The relationship of rheological deflectigrswths with time for reinforced
beams (experimental studies) and reinforced (nwalecalculations)

4. CONCLUSIONS

Performed numerical work allowed one to draw tHe®¥ang conclusions:

1. Strengthening the wooden beams with composites &fuce the
rheological increases of deflections (in conducteculations 106%
of initial reinforced beam deflections and up to%3of initial deflections
of the unreinforced beam).

2. Five-parameter rheological model is sufficient escribe the rheology of
the used materials.

3. The adopted numerical model of beam work, takint iaccount the
rheology can be used to solve a wide class of systeom beams with
attached reinforcement to the typical sandwich@ndposite structures.

In the course of further development one shoul@ fako account the issue of
work of reinforced component, which at the timestengthening already has
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a long history of load, as well as the ability efief and re-load of greater value
than the original.

An important problem is the redistribution of sges between the individual
layers resulting from the different rheological pecties of the used materials.
It is also associated with widely understood optation of the design of this
type of reinforcements.

Technological considerations also play an importatg, particularly quality of
the glued joint. All its discontinuities may havesmgnificant impact on the
operation of the entire system.
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RENOWACJA | WZMACNIANIE DREWNIANYCH BELEK TASMAMI CFRP
Z UWZGLEDNIENIEM ZJAWISK REOLOGICZNYCH

Streszczenie

W referacie zaprezentowano analizoracy drewnianych belek wzmocnionych
wklejonymi od gory témami kompozytowymi i inkluzjami zywicznymi

z uwzgkdnieniem reologii materiatdw. Przedstawiono modeteryczny pracy belki
wielomateriatowe] obejmuagy zjawiska reologiczne opisane réwnaniami liniowej
lepkospezystasci. Zaproponowano pecioparametrowy model reologiczny opisujacy
zachowanie drewna i kleju. Do budowy modelu numemggo wykorzystano
srodowisko MES SIMULIA ABAQUS, w ktérym przygotowane#asne procedury
zawierajce model reologiczny, napisane wzyku FORTRAN. Wyniki obliczé
poréwnano z danymi literaturowymi. Dokonano analimglowdgci stosowania
wzmocnié tasmami CFRP w aspekcie zjawisk reologicznych. Stwierd bardzo
korzystny wplyw tego typu wzmocnienia na wddoreologicznych przyrostow ugf,
ktére s 0 wiele mniejsze w przypadku belek wzmocnionychpevdwnaniu do belek
litych.

Stowa kluczowe:  ABAQUS, CFRP, drewno, inkluzjaywiczna, kompozyty,
konstrukcje warstwowe, MES, petzanie, reologia, wenianie
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