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Motivation: Creep coefficients

» Creep dependent on

> time (— "normal creep”)
> moisture variations (— " mechano-sorptive creep”)

> Influence of creep in the ULS, e.g.

Schanzlin

> load capacity of columns,
> composite systems, e.g. timber-concrete-composite

> user modification in order to re-ensure serviceability
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Motivation: Creep coefficients

» Creep dependent on

> time (— "normal creep”)
> moisture variations (— " mechano-sorptive creep”)

> Influence of creep in the ULS

> consideration in the design by creep coefficients

> large variability of values given in the standards

> more detailed prediction by use of rheological models taken from literature
Toratti [51]

Hanhijarvi [22]

Becker [2]

Martensson [38]
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Comparison of the evaluated creep coefficients
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Figure: Comparison of the evaluated creep coefficients
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Figure: Comparison of the evaluated creep coefficients

— quantitative as well as qualitative differences
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One possible reason for the differences
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Figure:

— Models valid in the validated period of time

— Which models should be used for the prediction of 50 years?

— Required duration of tests = 50 years
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Modified model

» Existing roof structures — effective creep coefficient
> measurement of the existing deflection
> loading of the elements for the determination of the integral stiffness of the beam
> evaluation of the elastic deflection using the dead load and the integral stiffness

Wmeasured — Welastic,evaluated ( EJIoading)

w =

Welastic,evaluated ( EJIoading )
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Modified model

» Existing roof structures — effective creep coefficient
» Difference between measurement and evaluation with the models

average creep coefficient
measurements 2.3
evaluation by models ~08-~ 1.8
~~
Toratti [51]
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Modified model

» Existing roof structures — effective creep coefficient
> Difference between measurement and evaluation with the models
> Assumption: Differences caused by normal creep since
> Mechano-sorptive creep limit of tests data according to Muszynski et al. [42]
Creep limit comparable to ms-creep of the model B according to Toratti [51]

> No decrease of the creep coefficient with increasing diameter
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Modified model

» Existing roof structures — effective creep coefficient

> Difference between measurement and evaluation with the models
» Assumption: Differences caused by normal creep since

> Mechano-sorptive creep limit of tests data according to Muszynski et al. [42]
Creep limit comparable to ms-creep of the model B according to Toratti [51]
> No decrease of the creep coefficient with increasing diameter

— Modification of the normal creep

5 b J3 Ja Js Js Jee

T1 T2 T3 T4 T5 T6 c

Original values

element | 1| 2 | 3 | 4 | 5 | 6

Ti 0.01 0.1 1 10 100 5000
J; 0.0686 | -0.0056 | 0.0716 | 0.0404 | 0.2073 0.5503
Modified values

element | 1 | 2 | 3 | 4 | 5 | 6

Ti 0.01 0.1 1 10 193.23 11078.51
J; 0.0686 | -0.0056 | 0.0716 | 0.0409 | 0.2201 1.8052
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Modified model

Creep coefficient
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Figure: Comparison of the modified model B according to Toratti [51] to the measured creep coefficients
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Modified model

Creep coefficient
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Figure: Comparison of the modified model B according to Toratti [51] to the measured creep coefficients

acceptable differences between modified model and measurements
hardly differences between the model B and modified model B within the first 10 years
— validation of model B for t< 10 years transferable to modified model

> additional verification to measurements in the region of Loffingen,
Breisgau-Hochschwarzwald, Baden-Wiirttemberg
altitude above sea level ~ 800 m

Schanzlin / Fragiacomo (U. o. Stuttgart & Sassari)
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Climate

» modified model B applicable if climate is comparable to the climate in the regions of
Tibingen and Breisgau-Hochschwarzwald.
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Figure: Accumulated relative humidity and accumulated snow height in the region of Tiibingen and
Breisgau-Hochschwarzwald
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Open questions, part |

> How to define a comparable climate?
> How to approximate the surrounding conditions?
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> daily fluctuation or annual fluctuation
> — set of Fourier-series?
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Open questions, part

> How to define a comparable climate?

» How to approximate the surrounding conditions?

» Limits of application of the modified model?

Test by Mohager [39] | Measurements || Tests by Hoyle et al. [28]
Accu. moisture ~ 20 >> 20 0.5
duration 1200 days =~ 18250 days 1000 days
nominal stress 10N/mm? ~ 1-2 N/mm? 13.2N/mm?
creep coefficient ~3 ~ 2.3 ~ 0.7

> lower duration, lower moisture accumulation but higher stress level — higher creep coefficient (?)

> no general tendency

= How to improve the mo

Schanzlin / Fragiacomo (U. o. Stuttgart & Sassari)

dified model B?

Creep parallel to grain

Trondheim, COST E55 WG 2 7/14



Proposal: Development of yet another rheological model (YaRM)

Hypothesis: Boyd [4]'s explanatory model for creep and mechano-sorptive creep is valid and
modified respectively.

> cell-wall: microfibrils & interlayered gel

> shrinkage/swelling only of the interlayered gel

> creep of microfibril and gel

> only consideration of layer S, of the cell-wall

microfibril

viscose gel

(a) microfibrils

S

(b) creep and mechano-sorptive creep

Schanzlin / Fragiacomo (U. o. Stuttgart & Sassari) Creep parallel to grain Trondheim, COST E55 WG 2 8 /14



Structural system

> unknown parameters:

> length L and breadth b

> inclination of the microfibril «

> stiffness of the microfibril EAf, and the gel Ege resp.
> external parameters:

»> MoE parallel to the grain

> Poisson’s ratio

> ratio €1 (Au)/g||(Au)

— 5 unknown parameters but 3 boundary conditions

— length and breadth are chosen, other parameters evaluated based on the values given in
Neuhaus [43] in dependence on the moisture content

Schanzlin / Fragiacomo (U. o. Stuttgart & Sassari) Creep parallel to grain Trondheim, COST E55 WG 2 9/14
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Creep deformation
> assumed dependence of the creep strain on the stress level
ear(t) = % -cosh(m-o)-a-t°
> rheological model of the microfibril & the gel

5 b 5 Jg Js Jo

F F
<— —

T1 T2 73 T4 75 T6
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Comparison of the model in constant climate to the model according to
Hanhijarvi [22]
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Figure: Creep coefficients of axially loaded elements given by Hanhijarvi [22] and evaluated by YaRM

— acceptable differences between model according to Hanhijarvi [22] and YaRM
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Variable climate
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Figure: Comparison between the tests according to Toratti [51] (see Hanhijarvi [22]) and the results of YaRM

— acceptable differences between test results and YaRM
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Internal stresses and forces
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Figure: Stresses in the components of the model

— Mechano-sorptive creep = reaction of the cell-wall on moisture induced eigenstresses(?)
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BESSSS———.
Open questions, part Il

— Mechano-sorptive creep = reaction of the cell-wall on moisture induced eigenstresses(?)

> Theory also valid for other test configurations?
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Open questions, part |l

— Mechano-sorptive creep = reaction of the cell-wall on moisture induced eigenstresses(?)

> Theory also valid for other test configurations?

> Influence of the neglect of the stresses perpendicular to grain due to swelling/shrinkage

i Fshrinkage TeSP. Fswelling

Fload

i Fshrinkage TeSP- Fswelling
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Open questions, part |l

— Mechano-sorptive creep = reaction of the cell-wall on moisture induced eigenstresses(?)

> Theory also valid for other test configurations?

> Influence of the neglect of the stresses perpendicular to grain due to swelling/shrinkage

> Up-to-now only consideration of the layer S, of the cell wall, assuming the microfibrils being
parallel to the grain

i Fshrinkage
S1 and S3

Fload Fload
< _
S

i Fshrinkage
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Open questions, part |l

— Mechano-sorptive creep = reaction of the cell-wall on moisture induced eigenstresses(?)

>

> Influence of the neglect of the stresses perpendicular to grain due to swelling/shrinkage

Theory also valid for other test configurations?

> Up-to-now only consideration of the layer S, of the cell wall, assuming the microfibrils being
parallel to the grain

Influence of the drying procedure

Creep coefficient and
average moisture content, resp.
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Open questions, part |l

— Mechano-sorptive creep = reaction of the cell-wall on moisture induced eigenstresses(?)

> Theory also valid for other test configurations?
> Influence of the neglect of the stresses perpendicular to grain due to swelling/shrinkage

> Up-to-now only consideration of the layer S, of the cell wall, assuming the microfibrils being
parallel to the grain

> Influence of the drying procedure
> ecr = f(cosh(c))
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