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IMPACT OF ENVIRONMENT ON TIMBER STRUCTURES ,
DURAMHEN 971, THE CASE OF GUADELOUPE (FWI)

BOIS

Paul Quistin®, Eric Fournely?, Jear-Mikhaél Bargy?, Luc Cador®, Thierry Lamadon?,
Laurence Romana

ABSTRACT: Woodenhouse is a traditional mode of construction in@agibbean Islanc. The buildins have to resist
to multiple situations: earthquakes and hurricazes the mosimpressive Nevertheless, humidity and temperat
conduct to asever climate for these constructions. The impédhese environmental conditions is the aim of
paper. Eurocode 5 defindise requirements for serviceability and ultimatailistates foiEuropeartimber structures.
The impact of environment can defined by two parameters. One is about durabilitgsiderationsthe other one is
about impact of environment on mechanical chareties. The first one, employment class, ‘hazard classes of
biological attack on theuttability of wooc and wood-based produdssdefined in EN 335 and is not in the scope of
study. The service classes and their impact orutieeand the mechanical chaeristics of woodand wood-based
materials are defined in EN 1995%. Their definition is based on tmoisture contendf wood or onthe temperature
and the relative humidity of the surrounding; these conditions are the onstsidied in this paper. A 18 mor
experimental campaign is described and justiiThe use of Mété&rance meteorological data is repd. First results
are discussed in terms pbssibility of use fc different wood and wood based materials regardipgogaosed map fc

Guadeloupe Island.

KEYWORDS: Temperature, relative humid, Service classespft wood, hard wood, moisture cont

INTRODUCTION
Regarding Eurocode standard dedicated to tir
structures, French west indies islas are often
considered as a service class 3 afth® most sever
environmental conditions)rhis decision is based the
sever climateof Caribbean islands for one part, |
mainly fora lack of information on the real local clim
and its consequences on timber elements of bud.
Caribbean island climate is characterized by a leghl
of air humidity and high temperates. Nevertheless ve
few information on impact on timber, soft woods
hard tropical woods, are availabl&.Europeanproject,
Synergile-Bois Duramhen971:BD97is devoted to th
study of environmental effectsn timber structures i
Guadeloupe island and a French natiomproject,
PACTE-Bois Duramhen97@oposes the same approi
for Martinique islad. The aim of these two progrs is
to build a reliable data base in order to proposeap
with different serwie class zones (SC2 & SC3) if it
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possible. The work presented here is only relate
Guadeloupe island. The chosen strate based on:

- the identification of available meteorological d¢

- the choice of different buildings or "sites< 100),

- a 18 month measurement period (temperature
relative humidity ofsurroundint air on the sites, and the
measuremendf moisture content o= 240 elements~(
500 faces),

- a continuous analysis dhta and measuremer

This paper wil present successively the specificity
subtropical situation of French Caribbean islanthe
chosen strategyvalidation of measuremel and first
results.

2 SPECIFIC SITUATION OF FRENCH

CARIBBEAN ISLANDS
Guadeloupe (16-17°N, 682°W) is composed of a main
island with two parts and few smallest islanThe
climate is a subtropical marine one with a wet fatod
and a slightly dryer one. Buildings are mostly kechin
zones withthe lower altitude. European sofiood and
tropical hard wood are used for these constructi
Figure 1 presents these islandshe climate zones
determined by French Neteorological Institute
“Météo France” are namellétéo France Zone: (MFZ).
The local meteorological measurement equipment
(MF)are also locatedon this figure. Standard year
statistics for temperature are given for exampldigure
2 for “Le MouleLauréal” MF.
Meteorological equipment for environmental param
records are illustrated on figur-a.
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Figure 1. Guadeloupe meteorological zones and location of
studied buildings

For BD97project, various buildings have been chosen.
The results obtained on these studied building are
defined as site measurements results (SMR). Sorte of
(SMR) are also plotted on figure 1.
Chosen parameters for these buildings are:

- Location in the different ZMF

- Proximity or not with MF

- Proximity or not with urban zone

- Altitude and gradient of altitude

- Soft wood and tropical hard wood elements

- Similitude or not between buildings

Some buildings or timber elements taken into actoun
these study are presented in figure 3-b.The cressos

of these elements on site varies from 33x97 to
15150 mm?2. The studied timber elements are sheltereds,
wood beams. The structure illustrated in the rilght
picture of figure 3-b is a bus stop which is a dtdized
tropical wood structure implanted in all the Guadgle
Island; a same timber structure with a same specieg
(AngelimVermelho), in different sites, is an intstiag
parameter for our study.

A listing of wood species communly used is created,; Figure 3: Examples of MF equipment and examples of
table 1 give an idea of these species. The origisott buildings SMR

wood is mainly Europe and the major part of tropica
wood comes from South America (French Guyana and
Brazil). In order to complete this list, a species
identification work is integrated in this projec®ome
mechanical, physical (dry densiy, moisture

Table 1: Wood species most usual in Guadeloupe Island for
buildings

contentMC) test are also performed. category Species Density

(kg/m®)




Soft Pin(Pinug 520
wood Douglas 530
Méleze 600

Epicéa 460

Tropical Jatobaflymeneasp 900
hard Cumaru Dipterixsp 1100
wood  AngélimVermelho DiniziaExcelsa 1000
Basralocus@ycoryniaguiannengi 800

3 METHODOLOGY OF THE STUDY

The study is separated in three main phases: ttee da
acquistion, data analysis and finally the servitass
zones determination [1]. Figure 4 gives an overvaw
this methodology and folowing sections give prexmisi
on the objectives of each step and substep[2] [3].

Homogeneous climate zone identification
Météo France zones Site Measurement Result zones
(MF2) (SMR)
Choice of measured sites
Distribution // MFZ Soft wood // hard wood
Choice of reference MF stations

Access to a complete set Distance MF station
of data // measured sites

Data acquisition

Steady and non-steady-state regimes definition and
identification (HR% & T°C of surrounding air)
MFZ SMR MFZ & SMR
data analysis (step 1) dataanalysis (step2) comparison (step 3)
3 month window 3 month window Daily window

Moisture content measurements

Soft wood (step 4) hard wood (step 5)
3 month window 3 month window

Data analysis

Homogeneous environmental zones for timber structures
Step 1 Step 2 Step 3 Step 4

Conclusion and projections

Conclusion on a widest Projections on
window (10 years) with zones without
MF data MF data

Service class zones

Figure 4: Experimental methodology

3.1 DATA ACQUISTION

The acquistion of data is based on two sources:

- the set of measurement given by Meteo France®sat
(principaly Relative HumiditldR% and temperatugof
surrounding air, some other parameters are availaii
not studied here),

- measurements on sites of the same parameter@snd
wood moisture content.

Some of the sites are chosen to be very close tg§l&4B
than 800 m) in order to compakR% and 6 coming
from MF measurements a®D971 records.

In order to cover all these sites, regarding theatin
and the financial envelop of thBD971 project, the
choice is made to investigate each site twice atmon
during 13 months with a manual measurement
equipement. This equipment is presented on figure 5

Merlin EVO SM25

Scanningdepth: 40 mm
Min.wood thickness: 25 mm
Density range: 175 -1075 kg/m?
Humidity resolution: 0,1%
Temperatureresolution: 0,5 °C
Humidity range: wood, 2 —30%

FLUKE 971
Temperature range and accuracy
-20 to 60 °C
$0.5°Con0to45°C
+1.0°Con-20to 0°C, 45 to 60 °C
resolution:  0.1°C

Relative humidity range & accuracy

T air, 2-99% | 7755 95 9 RH
egﬁzg’f‘tﬂ% “C— +60°C(0,5°C)| 25 %RH (10t0 90 % RH) @23 °C
. i 0, 0 °,
opeeating: 0t~ agec | £5.0%RH (<10, 90 % RH) @23 °C

Resolution: 0.1% RH

compensation: :
P Response time: 60 seconds max.

automatically

Figure5: Measurement equipment for HR%and MC

3.2 DATA ANALYSIS

The Data analysis is divided in few steps. The step
consist to determine the wood moisture content
regarding HR% and &°C of air) obtained by MF. The
aim of step 2 is the same regardirtiR% and &C
obtained by measurments on sites. The moistureenbnt
is calculated with the equilibrium moisture content
diagram integrated in NF EN1995-1.1/NA [8]; this
diagram is reported in figure 6. Step 3 is devdtethe
comparison and the compatibility (or consistency) o
these two approaches.
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Figure 6: Equilibrium Moisture Content EMC of wood [8]

In steps 4 and 5, wood moisture content, respdgtie
soft woods and hard woods, are measured on sits an
analysed.

Finally, The results of these different steps odysare
compared and synthetised in order to obtain



homogeneous environmental parameter zones for timbeFor temperature and relative humidity of air, the

constructions. calibration is performed by comparison between M#& a
BD971 sets of data for close sites and MF stations
3.3 SERVICE CLASS ZONES (distance less than 800 m and difference of akitlads

than 30 m). Figure 8 gives an example of this
comparison. Figure 8-a presents the raw resultsieso

investigated. MF data covers a large period, fesades ~ €Sults £26/03 and=25/07) give temperature above the
but they are limited to the number of MF available MF maximum value for the day. If we take into acebu

station. BD971 data covers a narow period (12 menth the period of BD971 measurements (AM or PM), a
for the different sites) but a wide area with agér corrected value of temperature (difference of ayera
number of sites and buildings. They integrate MF and BD971 values) can be defined. This correctio

environmental data but also Moisture Content. for this example is -3.6 °C. Corrected resultsgotted

To complete these measurements, two other maioracti  ©ON figure 8-b. BD971 values of temperature arectiyri
are conducted: included between minimum and maximum MF

- one site is equiped with three monitoring sensors {€mperatures and they are above average temperatur
(HR%,8 °C, MC) for 10 months when BD971 measurements are performed post

- specimens of wood are sawn on sites and studied f _Tﬁrldlem,l%ndt.blow;‘or AM r?easurej. lative humlidi
species analysis and physical parameters deteiioninat ese calibrations (temperature and relative hu)idi

on one hand and for the other hand, specimens ardvill be finalized at the end of the program with thie

placed in an environmental test chamber to havedata'
adsorption-desorption caracterisics of these wood t .
valid (or not) the equilibrium moisture content (EM ~,, Temperature(Q 8-a
diagram presented in figure 6. This EMC diagram is -

mainly related to soft wood. Figure 7 gives an .
illustration of the complementarity of these . 4 . : :
investigations. ] ; ; t
MF data BD971 data 263 ' I

This stage is the final objectif of the project.drder to
have a wide set of data, different axis of inforioatare

t
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Figure 7: Complementarity of investigations 4263 26/3 15/4 55 25/5 146 47 2477

Figure 8: Example of temperature measured by MF and

4 FIRST RESULTS BD971 during 6 months for G079 & MF015 LeRaizetAer
(distance~ 800 m# altitude 30 m) - 8-a row results - 8-b

4.1 DATA ACQUISITION RESULTS values after calibration

4.1.1 Measurement equipment calibration 4.1.2 Measurement results

measured  with ~ Temperature ~ Humidity =~ meter tnis project and can influence the final result.
FLUKE 971. Moisture content, capacity non destueti  \ye noted five principal parameters:

measurement, is obtained by a MERLIN EVO SM 25. «  Wood species
The calibration of Fluke apparatus is obtained by
comparison with MF values and MF Pattern ships. The
calibration of Merlin Apparatus is based on comgani
between Merlin values and direct MC measurement on
specimens sawn on few sites [4].

e Maritime location : influence of the sea wind
Mountains location and valley back ground
(forest and river)

Coating of elements: painting or not

* Massiveness of elements measured



One of the main parameteafecting our resultss the
location of the site: mountain or maritime envirgm.
We based our study on the “bus stépfated in differen
sites andmade with same timber structure and sps
(Angelim Vermelho).

BOISDURAMHEN 971
o Sites Bus stop -maritime location
m Sites Bus stop - mountain location
o Sites Bus stop - common location

Figure 9: Locations of some studi&ites Bus st¢
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Figure 10: Experimental measureddard wood moisture
content for Bus stop sitésf. fig 9 for locations

The Bus stopites located on Mountains or valley be
ground are wetter than the® located in commc
location. As shown on figure 10, for hard wooche
consequences of maritime wirdb not drive to lowe
MC than for common location.

4.2 DATA ANALYSIS

For each MFZ, wod moisture content
calculated (EMC) -Equilibrium Moisture Conter— and
measured (MC) — instantaneol®isture Conten. A
month average value is firstly considered; figull
gives an example of results for MRZand MFZ 2. In
MFZ 4, the cost is oriented on AtlanticOcean, the
altitude varies in a wide scale; MFZis the one where
quite different values of MC are obtair [5] (figure 12);
all these parameters can explain the differentiobtt
values. The MFZ 4n this area should be septed in
two or three homogeneousnvironmental paramet
zones. Actually twelve month of measurements
available only for sitesand final results needs tl
complete results to conclude [6].

25 T T T T
EMC (%) MFZ 2
20 20 % |
[ e 12 %
10| ** 3 MF [ |
* ¥ . + -+ 3 Sites of measurements on Soft wood
w4 Stations
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Figure 11: Experimental alculated and measured wo
moisture content for stations and sites in N2and MFZ7
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Figure 12 Experimental Calculated and measured w
moisture content for stations and sites in MF

4.3 SERVICE CLASS ZONES

In order to define service classes, all the reswdt
shown for example on figures 11 and 12 are anal
now. The average values of MC and the differe
between the minimum and the maximum during one
are t&en into account. First results can llustrated on
figure 13. The altitude is an important parametach as
forest environment. The biggest zone identified



service class 3 is the principal mountain of tHand.
The smallest, corresponds to an area with brittld a
significant variations of altitude; the bottoms\aflleys
are particularly wet and wood MC is higher thamiher
zones.

(1]
(2]

Légende

P Zone Yalley back ground
# Zone Mountain and Farest

(3]

(4]
(5]

i BOIS DURAMHEN 971

Service class 3
Fartial and provisional results for singular zones
M (To be confirmed)

(6]

[7]
(8]

Figure 13 First proposal for geographic zones to be clasdifie
as Service Class 3

5 CONCLUSIONS

The results obtained by the different approachbs, t
comparison of measurements, the calibration of
measurement equipments conduct to a wide data base
and give interesting projections. On most of the MF
stations and the different sites, the calculatedl an
measured moisture content values fit well insiddR.

In this case, service class zone might be cleafinedd.

In other zone(s), the service class determinative lto

be more detailed and deepened in order to propose a
more precise map. The variation of MC during tharye
should be determinant for that. The work presehie

will be continued until the end of 2018. Parametarsh

as Wind could be taken in account and its influecee

be more or less important regarding softwood or
hardwood. Equilibrium Moisture content diagram ddou

be also modified for hardwood; the actual test on
environmental chamber might produce this kind of
information. It will be also completed by a similaork

for Martinique island.
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