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The dowel bearing strength (embedding strength), along with the
connection geometry is one of the main parameters used for calculation
of the dowel-type connection resistance. This research was focused on
the effects of three moisture contents and seven rates of loading on the
embedding strength of jack pine (Pinus banksiana) wood. The loss of
resistance with increasing time to failure was compared to empirical
equations found from past research. Test results were correlated to the
adjustment factors used in the Canadian (CSA 0O86) and European (EN
1995) timber design codes. The strength adjustments in the CSA 086
were found satisfactory whereas those in Eurocode 5 appeared non-
conservative.

Duration of load, service conditions, embedding strength,
strength adjustment, timber design code.

INTRODUCTION

Duration of load (DOL) effects on wood strength in bending,
compression and torsion have been studied in the past under a constant
load or step ramp loading, under controlled rate of deformation or
controlled rate of loading. Wood (1951), Pearson (1972) and Gerhards
(1977) established DOL empirical equations from bending and
compression tests on small defect free specimens under various rates of
loading. These equations define the loss of strength using the stress
level (SL) and logarithm of time to rupture. The moisture content (MC) of
wood varies with service conditions, which also affects its mechanical
properties below the fibre saturation point. Rammer & Winistorfer (2001)
studied the effect of MC on the dowel bearing strength and proposed a
linear regression equation relating the two parameters. In the Canadian
timber design code (CSA 086), factors Kp and Kgr are used to adjust the
strength of fastenings for the DOL and service conditions, respectively.
In Eurocode 5 (EN 1995), the adjustment factor ko4 IS used to account
for both effects simultaneously. The objective of this research was to
study the influence of the rate of loading and MC on the dowel bearing
strength (embedding strength) of wood, which is one of the main
parameters used for calculation of the lateral resistance of dowel-type

connections.
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METHODOLOGY

Wood samples of 31x89x660 mm in size were cut from
unseasoned jack pine (Pinus banksiana) lumber and graded to attribute
an equal wood quality and density distribution to each test series
consisting of six specimens. Then the wood samples were conditioned to
achieve the following equilibrium MC levels: wet (> 24% MC), dry (12%
MC), and very dry (8%MC).

After the wood conditioning, test specimens were assembled with
bolts of 12.5-mm in diameter and 6-mm thick steel side plates at each
end (Figure 1) and tested until rupture using one of seven rates of
loading, which varied between 115 kN/min and 0.1N/min, in each
moisture condition. Tests that lasted longer than 10 min. were conducted
in a chamber with controlled temperature and humidity conditions to
maintain the target equilibrium MC. After the test, the actual MC and
density of each embedment zone were determined and the following
mechanical properties were calculated: elastic stiffness, proportional
limit, yield point, and maximum resistance.
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Fig. 1. Test specimen assembly.

RESULTS
Test results confirmed that the elastic stiffness and the embedding
strength of wood diminish with time under the load and in wet service
conditions. It was also observed that the strength of wood in very dry
condition (8% MC) reduced with time at a higher rate than in normal
condition (12% MC). To compare the test results with the empirical
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equations, the maximum resistance at 12 %MC and one minute to
rupture was adopted as a reference value. The average maximum
resistance of each test series was then divided by the reference value to
determine the loss of strength (stress level) for each rate of loading and
moisture condition. The stress levels (SL) for each test series are plotted
against the time to failure (t;, min.) and are compared with the empirical
equations in Figure 2. Test values at 12% MC appear to fit quite well the
Pearson’s (1972) equation:
SL =100 — 6.4 logyo t

The stress levels were also compared with the combined effect of
the adjustment factors Kp and Kse used in the Canadian design code
(CSA 086) for different DOL and service conditions of fastenings,
respectively. The Kp appeared satisfactory if based on 10-min. load
duration. The Ksr appeared accurate for the resistance reduction
between dry and wet conditions. Comparisons with Eurocode 5 (EN
1995) showed that k., Significantly underestimates the reduction of the
embedding strength in wet service conditions.
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Fig. 2. Empirical equations and test results.

CONCLUSIONS
Test results showed that the empirical equation by Pearson (1972)
predicted the stress levels of the dowel bearing strength for the dry
conditions in long term loading fairly well. The Canadian design code
adjustments for wet service conditions of fastenings (Ksg) and load
duration (Kp) may be considered satisfactory, whereas the Eurocode 5
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adjustment factor (kmogq) S€EMS tO UNderestimate the strength reduction in
wet service conditions.
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Hecywas npoyHocmb wWroHKU (8/10)KeHa MpPOYHOCMb), a makxe
2eoMempusi coeOUHeHUsI Aensiemcsi 0OHUM U3 eflagHbIX rapamempos,
ucrionb3yembix 0N pacdyema  COMNpPoOmMuBrieHuUss  coeOuHeHul
WIMNOHOYHO20 murna. 3mo uccriedosaHue 6bi10 cocpedomoyYeHo Ha
aghghekme mpex ypoesHel ernaxHocmu U CeMu ypOeHel Hagpy3Ku Ha
erioxeHuUe cun opesecuHbl cocHbl baHkca (Pinus banksiana). lTomepu
cornpomuesieHuUsi ¢ medyeHueM spemMeHuU 00 paspyuweHUs rno cpasHeHUto ¢
SMMUPUYECKUMU  ypaBHeHusimu  b6biiu  83mbl U3 MPOWI/IbIX
uccriedogaHul. Pesynbmambl ucribimaHul 6bi7lu  COOMHeceHbl C
rnonpasoYyHbIMU Ko3ghgpuyueHamu, ucronb3yembix 8 KaHadckux (CSA
086) u espornetuckum (EN 1995) peanameHmax rnpoekmuposaHuUusi.
lNonpasku rnpo4YyHocmu 8 CSA 086 6b11u MpU3HaHb!
yooeriemegopumersibHbIMU, mo20a Kak me, 4Ymo 8 Eepokod 5 okasasnuck
6e3 3arnaca rnpo4yHocmu.

lMpodomxkumenbHOCMb Haz2py3Ku, ycrio8usi 3Kcryamauyuu,
8JI0O)KeHHasi MPOYHOCMb, pe2ynupoeaHusi cusn, peasgaMeHm
npoekmupoesaHusi

Hecyuya wMiyHicmb wWroHKU (eKknadeHa MiIUHICmMb), a makox
geomempisi 3€OHaHHsA € OOHUM 3 207/108HUX rapamempie, WO
guKopucmosgyrombsCsi 0711 po3paxyHKy oropy 3€0HaHb WIMOHKO8020
murny. Lle OocnidxeHHs1 6yro 30cepeOdxXeHO Ha ehekmi mpboX pigHie
80s1020CMIi Mma ceMu pieHie HagaHMa)XXeHHs1 Ha 8Krla0eHHs cusl 0epesuHuU
cocHu baxkca (Pinus banksiana). Bmpamu ornopy 3 rnfuHoMm 4dacy 00
pPyUHYy8aHHS1 Y TOPIBHSHHI 3 eMMipUYHUMU PIBHSHHAMU 6yrnu e3smi 3
MUHYynux 0ocrioxeHb. Pe3ynbsmamu euripobyeaHe byrnu criegiOHeCeHi 3
rnonpasoYyHUMU KoegiuieHmamu, Wo 8UKopucmoesyrmaecsi 8 KaHalCbKUX
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(CSA 086) i esponeticekum (EN 1995) peenameHmax rpoekmygaHHS.
lNonpasku miuHocmi 6 CSA O86 b6ynu eu3sHaHi 3ado8ifibHUMU, moodi SK
mi, wWo 8 €8poko0 5 susisunucs 6e3 3anacy MiyHocmi.

Tpueanicmb HagaHMa)XkeHHsI, yMO8U eKcrslyamauii, ekradeHa
MiyHicmb, pea2ynroeaHHs1 cuJsl, peasiaMeHm npPoeKmyeaHHs

YK 630.6:630.83

TEOPETUYHI ACNEKTU BU3BHAYEHHA
EKOJNTOr0-EKOHOMIYHOI E®QEKTUBHOCTI KOMMJIEKCHOI
NEPEPOBKWU OEPEBUHU

0.0. ®epeHy, 3006yeay
P.A. KinHOpam, kaHOuGam eKOHOMIYHUX HayK
HauioHanbHuU nnicomexHivyHUU yHieepcumem YKpaiHu

Memoro Hayko8020 O0CriOKeHHS € rno2nubrieHHs meopemuyHuUXx i
HayKo80-MemOOUYHUX 0J10KeHb 8IOHOCHO OUIHKU €K0/1020-€KOHOMIYHOI
eghekmueHoCcmi  KOMMIEKCHOI nepepobku 0OepesuHU 8 IlicornusibHO-
0epesoobpobHOMYy 8UPObHUUMSI. Cumyauis 8 YkpaiHi
xapakmepusyembCcs mum, wo rnopsio 3 2/iuboKoH eKOHOMIYHOK KPU30H
8 J1ico3a2omieesibHOMY KOMII/IEKCI, ICHY€E Kpu3a eKosloaidyHa.

ExkonociyHa egekmueHicmb, €eKOHOMi4YHa egekmueHicmb,
KoMrneKcHa nepepobka, epesuHa, Kpu3a, ekosiozisauis.

Bu3HayeHHA peanbHOI eKOMnoro-eKOHOMIYHIN  eEeKTUBHOCTI —
Haa3BMYanMHO cknagHa npobnema. CouianbHi, MoparnbHi, €eKonoriyHi
Hacnigku LKoan, 3anofisHol rocrnogapcbKoto AISANBbHICTIO
HaBKOMULUHLOMY CepefoBULLY, He MigAarTbCs KifIbKICHOMY BUPAXEHHIO i
He MOXYTb ByTun BigoOpaXkeHi B eKOHOMIYHIN ouiHLi. Exonoro-ekoHOMIYHa
OUiHKa €e(EeKTMBHOCTI BUPOBHMUTBA XapakKTepusyeTbCsa TUM  LLOOO
6Ge3nocepeaHbO EKOHOMIYHOrO ed)ekTy [O0AaeTbCs MPOrHO30BaHWUM
TpmBanun eqeKkT, SKUW BpaxOBYE €EKOHOMIYHI Hacnigky Big 3MiHW
HaBKONULUHBbOIO cepeaoBuLLia B OCSHXKHOMY ManbyTHLOMY.

OgHMM i3 MOKa3HWKIB e(eKTUBHOCTI BUPOOHULTBA € €KOonoro-
eKOHOMiYHa eekTnBHOCTb (E) BUpOBHMUTBA, SKYy cnig BpaxoByBaTu (y
rpowoBOMY BMpa3si): 3aranbHUA ekoHOMIYHUK edekT (Eq); BapTicTb
BUKOPUCTaHUX npupoaHux pecypcie (P); nporHo3oBaHi 36uTkn Big
3abpygHEHHA HaBKOMULWHBOrO cepefoBulia, abo eKonoro-eKOHOMIYHY
wkoay (ELL); BapTicTb Npnpogo3axmcHux 3axogis (3).
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