SRR

VAR Ll ¥ oylad ool Jlo eyl 32 5 gm aylio aloea

P 0 g2 ) cadidialus a¥ oIS (60 IS ol 93 g3 ((SailSe - ale S A CMlJ:ﬁiS

#) . o

B o b Lo,
Y

O 9
QA ES N LRRVENe
Ol slredjslf g s ple Slados isy okl
«ligid ol «)auiS” &40 9 b i Clidiss dumwge
OIrl Ol «s59UES gy 9 el
ég['m 0aslsy dels 99 é:L.w 9 9919 09; )l.sail.il.) v
Olrl o9 cmpre o o8ty (b3 psle g (b
é.JL.A 0uSishy Jels 999 é.;L.Ao 9 fgl.c og)f bl ¥

ul).:l ‘)53 (e W)J olKiisly ‘L;'-Ll)) F#}@J@

(oS Jgtame
Reza.Hajihassani@gmail.com

VAN EIYF 1l ) g6
WANY /o035y Fu)b

& 5ks,50 Job el slp s - e by (S
aYolE Y] el snsasle wload swlas K05,
sloosle 5 bpletslo 51, Coz (camb 2la) Wl o
oolaiwls jgo (gloo yinS jabdy o alildS oled 4 29>
CelblB Jod 5l ol o b amie olss 1M 0S5 )8

oSy

g 5l erdaitle pYolS (Sl 5 (Suid el ey p (B ol Sl Sua
SHle = ole)S Hbu (S a0l b osdies ié (Populus deltoides) 50
oo Ol 3 g (3lwedpid Slles 5 (2le)S )b o ST 93 I (o5 )
9 0,3 ol ax > We g V0 Y ol 0 o e sb)S byl
5z Siloodydd Jlogd upe b plsl alds Fe g Ve (5Bl (lagle e
oy 9o Lo A Ve gy loj @S Ble @2V ey sled )3 pgio
FepVols colo lp Copd Copo (Sld cup) 2o £y Fr (5,08
Y5l (Slle 5 (S5 el )8 ool (gl (e 9 (1SS Sl
baY ad e elee g slad (SapiSly ol Gl alexjl oadasle
JB opdyge e b3 By Caglie y dli¥] Jodo (ool Cunglie
o j) ondasls pYolS SolSe 5 Sopd olss &S o ol mbs cd)S
@ ool p bl (I (SO0 —ole)S )l W13 L odd Jles pgio
b osd o clasy 5l ordaslo pYelS Lol SauiSly o of s olie
B S Al open b RIS (S — ol B (S 8
Eos 5] e PV ety 15 s e il s (Sl — oS
oz jl ordarilo glapYols (Sl (la Shg 23,5 oo (UISES —(5)9abge
—leyS B S5 e Pl 3 et oVl Jode 5 (oS Cuoglde
o ol 51 bpYel e b Ly Cunglio Lol fasl Il SolKe
A2 eVl (Sl g (Suid el (B dge Sl @bt Wb oo talS
Adlen (alo)S )b (oS 5 W01,

Sei oSy s Sl —alesS 5o oS ot 2V 534S 563l
NEORIRENEETR

doddio
0 85 odd it 5wt (297 S008I (S
gl SLJTOtto Hetzer Lawgs bg,l 1o pias 5,8 byl

29 sbaY )l Jpame opl [N wsl o aYolS 00,8
SYlasl 5l eolaiul Lo 28l Slpg> o a5 cdldony


mailto:Reza.Hajihassani@gmail.com

YIS G0 p)l5 ol SlSe - ale S s Dol T

Yl 5 oo (i LSl o ) aslhae DS
Jobss Cagh; ((FoiSly 5 (FundS oo a5 Jo
ooz @by GRIBl s (Soslse 4 Cwglie l33l S
P9 0l elpen 4 YL (o B 4 Caglie g 0T KT,
5 P aglie aile £ SOl sla Sy alivbe
4 (S Swglie a5 ol g wbe a5 he
Cashy Ol ol B SR 5 297 455 el Uiy,
[a] 3,10 Jled ylm 4z 0 g le) hmas] gz asl
A0l Olgies ISt Gul oges Bk n sl W
2L plse (Sl Dol alex sl (Sal sla i)
Sges oolatwl lagy T b oS 5

Pl Gl Czandls Gl o el e
ilwodpid anlp widuce dpe ) w9z S
wmilo Gl sl P3e sloms (Mol g, o o9z
cox ol s ilwes, s Vo] wslbe o>
B0 yiS |y e Sloogar G g e g Sow
5 O pere aiile (S wils b plaaiss ol 1Y
5500 (o 1IN asb s conlin o 2y en pgio
S Bl (2555 g (ngh Semylanze jlaiags slaby,
polie oad (STyte (292 Slye adg )3 slosb IS
oSy by osr ol B SE cow asls
Sl ol ar oS wilioe (S oo 5 Cusb; ool
Dy avl col sasasbs Sk - ob)S
VPOV 50l pleS o3lol Sl 0 gz 455 sba,
s Vol sgico (Sojslon e Jelge 4 plie 525 5
sla Sy (srled Glagrs e L K Sk
W DY) wb o Gl onds oSTie o> (SuilKe
S g Srglie (S - alo S b9, 4 (53lupS e
by S Gladis sl ohagt g o3l (RIBN) sz
DY N sl o conlio by poro aisle o5 ateusls

—beS B sl Sl esliiul &j558 (M5 ek
5 b Sl B 2Yol8 wg 0SSl
095 Sewd 4 nlply el senle sz Slaydgae
Pl Nlgiee war Gy, ol 0 e kb
Aol adl oer w4 1) Jeame p 0,Sles
ke (Sl —ale)S Jlu e 5o Koo lea
S Pl Wlgiee LS g (a9l e Ll

Tf\’/
Cuoglis bl adgs w05 alizes J2l 5 YL (b
SLl S plyear 1) pYsl5 wooldlggd o Shes 5 YL
5 Sl Glaojsn 5 (S slaosle slp 5
Joolt Iv] col asle S g )bs sloojle Koo
sele Doz Slausguzs 5 cules 5l (S shls Y
T S T N 0]
5 o lgle andl Sy ope Jelse Ly
olyed & 5 ) g (SEBe Slocins (S g (Soslse
oolawl b aS el ool g 3l sl JLo jo 1) o ls
Nl 1y slgs ol sl Fig o ol saxin sla s, 5l
S8 abell L sles )5 Gl 1) gl s ooged
Bl 13 eolauwls ;g0 Wi, oo IS A eST axl)|
5 b oS Sl ol slagts, 5l S
Slaos dhost $3lshusSd VLS oS aiTd
B alez3,50 O 5dgjoem 5l el 929 ) podgyaee
Slog 4 Vb o)l ax e 0 Ol S)le 40T o
(68 oyl 4 abex L g 9B 00 b padgyee
ST sloseal JoSas 5 b 4525 5 bojlshe on wiile
o lsss b b sl 4y ool ol ales
OFan b g | laag Sle L Jobe
lotSly (pasgynn glags) ol o ead LS
ol o Il ses e il 1) g anm o olsy e
5 S0 w4 baye e Gas oleS S,
o [0 5105 3925 by T plagdl 5 sleosds Slge 250
Sl wdsi g Jobaoon il slaog S i Lol
Sloog,T GalS 5 laglsl can sy o St
o Bloy onl 5dgy0mn 00,5 o JouSg,000
Seehh o po do B lasy Slogise (sl o)lsio
[Pl slesioe s 1) Gola g jsbly Sl usVS
Oz ed Hekeson load Fie Setul sl g
S Bl (S e R Gl ke
Al Jsb 50 OB i oS 5o B-0-4 YLl
IV il oz i malS Lol s oL
Ol czge (eadigiluil) ead lslug (K
23,5 o ol e gladiged jo CuSl 4 Cwglae
@ odd Hlowd sz Caaglie caldpdol LS iz ee
(2o S Jlews cplpln JA] sas o aulidl 1) O i



VAR Ll ¥ oylad ool Jlo eyl 32 5 gm aylio aloea

LYY

/
o g 9 dlge
BeexBexOe slal b g9z sbddiges lal o
4 g 445 (Populus deltoides) ngo oz 5l o due
B S jeabse Ol o Jlews 5l k3 cele Y Gowe
IR Gl STy 0gy0 o eadad bbb e
3l F sl a0 Ve g 1O+ Y slales jo g oadosls

Bad jles aids Fog Ve Bule slagle; Sae

(O s

3 wsilwesid anlyd asl S pal 3 1) cenlin
wile be)S L e 5l AL (SOs slaars
4 pge 09z (§ilwedpid g Lo (o) agh (0l
5 Sl —abeS b oS5 el s
SlThs bl ol 5l sy w5 cole Gl o)
on s oxdbatle gl (SS9 (Sund
o> jleadaizle b, 0 cons b LgLaag;}_{j
Sl —2le )5 B (oS 5 el by, 4 et jles

il e

pywo @z 2oy b jlead gl iyl 595y - Sl

6,5 Cugby 4 b aiad ools 13 ol )8 il ax o £
Sdiges gam a8 o aiwy (210 sgux) Lo ,ge
2 BBl )5 5l ooliul b oads jlags g walis
99 b Ao Vo a4y g ol 5 il ax 0 VP sles

adgl Coles a4 s oy £ g T 50,08 mhau
D] was o823 dokg/em?

ﬁyjlfﬂdébdlﬁdf@}dgd.?ﬁbdbﬁwl)o

S 0 laysie b az gl b g 09 Lio g0 Seb £ olass
OB S 50 b g YIS el gl endans S
Sols T+ olaws ggammo;s lod ;o sl J1,55 0 slass
w88 18 oS e s ot g adS pge oo
YL Cosb; Jdo 4 g ilwenyad anld gl iy
Cagb, 5B oslo 1,5 0T glga yo 1) oy ol dadiges
‘SLAQ BEE) 09." J}‘O )\) MA.I},A )99 39...\.: awls Lbui

(€) (55 i s 36 93 3 5l o s aolins o(B) L+ g (@) 7.5+ 53 pid g Syt g 3 ey Aigod ol —F S

Srreez Slboe 5l J G (1 JS2) w05 03,55
2 oVlail (18,5 158 og 4y azgi b @ YslS Sl
w29y 2 T USS Gelal o e lisie Slalad (VoIS

Bl (g5lweslel g 5Lige

olul jo g ol Coloy ol cades s Dledad

2 s G pYolS ol gln Slsyee Job

4 pladlaxs 7 055l gboass ) ooliiul by aey al> 1o
Sy olabsd g9, s0ges g4 5 iSOVl sl



YIS G0 p)l5 ol SlSe - ale S s Dol T

Y ff/

80 cm

=
5cm =

EQ
;-

5cm

Sl i yo bay oz g (o o9 -F JSh

() lod gl an) e Jalge a4y azgi b pYolS
5 (53lwos,28 o po mhan 95 5 () E ke Gloj o 93
wolpo b osals 5 sald) sels jooes ¢ LS5 0
oLl o (0 JSK8) ab asle (ae o £ g Fe Sojus
2 oddand ladised (Sl 5 (b sla Sy
5 ASTM D 905-03 ASTM D 143-09 s luitiw! ol
b VA aAav] s s 18 Jbs,ls,90 1SO 8375
5 oolitul b js (Slse 5 (S slaoyge)] 5l Jols
sl olegl o Jolate ol SLS 5L 7,1

W8S 13 Jlodigds o 9590

o oYelS Cll Gl colaiuly gl s

e 9 ML-S18 oS b o (50) 0ol b (ca5ugs
B Yoo g/m? 1 G pas Jlake 5 (HA-418 0S' L Lio,le
Sy o 25 Yol oad 5lge 5 (Siomr slaay
A lesas oA NMM2 Led L al5,5 S 0e
L ocales,s D8] was sols 13 e los 5 el
e o3 ey Slp iz (38 o Shy 4 4y
59 ole G B a4y am Jolye plol s o) S
o Susby g VOEYC lao) alfaleil Lulys
S sledolin e b asas eols 1,3 (L2010
VO fgamme,s 00,5 oS 5.5 (Post curring) e

S5 (o1l ks iyl b b ok slond yigive g 5l et slap¥ oIS I laiges —0 S



VAR Ll ¥ oylad ool Jlo eyl 32 5 gm aylio aloea

\ Yfé/
W0 gl o1, (53,88 cuys 5 6,88k oy i ale)s
B2 oo slis as 0 49

o oly iblg 4 i 4o ) ojleds Jgao
B s sleo blie g Jiiwwe OS5 (SS

PY oS (Sl 9 (S b Sluogas p by Jiliio g S 51 sl (F oodianulone 55lie) (uils sl 325 -) Jaur

Cwoglio _ _
Jaske Coglic  gudlas  ( Saadsly  Suwisly
37 o , ol wd -

s
pia] pen ay  wlao el ol TR &

AANIAESS VY/AVY e UYOA s YIANAO % VE/FY Qs AN B AVARAE S Y CC) ok )5 bu s sl

«IYYA NS «/+\Y¥Y NS ANY A s IAYSES Ve P A YAIAFY sese ARVAZN S \ (a2,85) 5,8k ol

</\#Y NS MEAY s \YIVEF s FIVY -« s FIVEAs \YE/EE A YE/IYY O \ (30,8) (Sopid oy

oley # ol Lol sles
‘_g)lfJ.SLc

YIYEY s ARAEIN </b-# NS Y/rFase IINAE TS AVARRES

& g_-,-.‘.L")f )léz.g )Lw.; ‘_cho
SO oy

</##\ NS Y/-aYy ns +/¥a% ns «/-YA NS Y/YAY NS

oy 6,8k oo
S0 pd

</-¥\ NS ARSI YIYA- NS «[++\ NS </V-¥Y NS

ooy # ol ol sles
S8 gy # 5,50k

YIYEY s Y/VY¥ NS Y/#AY NS SAYA RN ARIAN AT </YY-NS Y

IR L RO (N W PE= WY PR W) (UL B UEL O e,
RCw A} SV IRNNK JSONPIIK SRR OV SRS B
hale Wlgs o 55 Gbygl (b ©f Wbz 60550
2 Bl G 23l YIS O Qi mals s 5
Sl 5 les,h ek Vol T izl
Sdiges ;o auils lade a5 wil co (So,u8 oo

S seS pbS e oS anld Lol e
SlleaY (35,88 ol Gl oel cass 4y +/Aglem?
3 9z oobe maldl Ciads o «F SD) Cawl 0ays S
Fete 3 95 ol wdr Gl ces il oz
5 oalolul 7,8 9 > ol ( SoiSly 31, as
L sledigad 5l jiay 78 (30,08 oo b slodises

b oo Gl O

pYelS Ol Qi Y-
Sleadaisle slp¥elS O Gix ol oy p
oo Ll 45 ol ol snd e 5 aals sladigas
Olme (2 o )8l ey 9 2le)S JBu e
Ol Gl o (o588 o Gl 5 Ol Qi
PO (¢ S5 cwl eo S lapYels Ol G
R e sl gl pSesz b Sl o
iz Olie a5 psbas wilioe Sl wiz e 2ol
2 ead e slaaiges 5l codaisle slas¥elS
O 00,08 4y axgi b 2o ol )8 ol a0 Ve gles
soals sladiges | casasle slapYsls 5l 1aS dagy
oais Jlael lap] (55, » g)lad diSgn o5 wilos
Ol 2 5Bl plojy b 4 BIK L iz e o
Obey &5 93,5 oo aine £ SS )3 @YSS O Ol
@l B6 Ol Qi plie a8 0 5 g Bk
5 oS g yded (glnog,S i 4S5l by i el 4l



YIS G0 p)l5 ol SlSe - ale S s Dol T

A4

N

VY. [OSeie 42,0) ol ol slasd gled

(47, 8) 5 5 ails by

) 57 e s

(e 50 i oy ) bl
L]

-
—

(1) ceelu PA ol i

(e 50 i g ) bl

(hFe 50 g g ) 8L

Ve V8. Y-

Yoo ¥. f. 5.

YIS el FA 0T iz pp (5958 16 3 )5 lo 3o e o )5 5 sl slod il -5 U

Sloaiges sl oataisl lap¥sls 5l Simly (>l 5o
Eao90 pl &S wil o (Soid ol Hlea L ovals
Cosby ol Gals 0 oloS B jles pSedz b
Oz (Y USE) amo o las | eled SoaSTy 4
5o pYelS elad SoaSly p (Soid oo ),_,T_,
~aY (Fop88 o ys Gl b aS aas e olis VS
aS ool a8l o33l sYelS eleds SaniSly ol o
iy g plp pz 50 29z edle Gab iy Lo @
m00,i8 jled Cdds jo allige s pdyeiS il
2 ele (ppee (Sord cope il sl
3 SaiSly Gl el g g pyoiS Gl

ablge (Fo88 b,

lwly 50 Soisly) clad Soisly Y-Y
pY oS (owlow g (S 08
2 Sl - obS bu anlp oSS wls
YA (Sopid slivl) o (FaiSly) sbed (Fuasly
~diges )l eadaitle slapYelS Ol o (5, gabse el
los il b as wisls las ouds jles 5 vals sla
S9SNy ol B8k ploy 5 (2leS B e
Sliee (5558 o Gl L g alS Y eles
AT U8 whoe I YIS eled (Sapasly
SuiSly )b Gl 5 2beS b e sles
e 5 cud o Sl WV cels FA _clus
laaiges §| eataile sbe¥sls Lsled Suisl,
Sl - ol 5 B oS 5 jles anT Lead jles

(31,5 giilos 22580 ale ¥ L8y Lo 5o

(ards) 5 Bk ooy

(D) 52,28 cu b

(18+ 5320 oy p3) aald

19

I

~
+

L

(1F+ 52 pd i d)

(1) cablos PA oolads S
- -
.
b
e

& sals & oall

(e 5 pind i ) LY

(e 58 pied s i) bl

We Ve VY-

Y. ¥ .  F.

A (53508 Glimsly 3 (FanidSg) (oelad (FurdiSly pr (50585 o 30 9 5B o) o loyF Hb sl slod T Y IS
pY ol celn



VA Ll oF ojleds (ool Jlo (ol pl 315 5 gz alio alors

atiges o5 4 (s3led Sl 55 S iul 4 a5
1A 00,5 o gym G 45 Slopls o b gleS >
sladigas 3l codaizle slapYsls (5 p0,LS slKa o
Syt 00be e 1P F00i8 oo b ooddos il
L oalion pid sladiges 5l oadaislu slapYelS 4 cus
olplo e Bdo b ailoy UFe (Sojud coyo
bisl) ;5 (FaiSTly 585 9 biged (5)9absd 5|
e Oygoh 55 aises (Cwld) slao)lS (53,08

il als Y5l plon (SurtSTy liee 5 0ol o

JERE E U P S T ONC SOt ERM Y Y o6

Aoy smle,S 5o slows sles Lalzdl L oas wisls ojlas
olos (FoiSly Gl (Fop88 a5 s 8L
SoeiSly gals (A JS8) ab o als pYlS
ooy 5 wbe)S Sl led slod (Rl L aYolS las
Loy B 5 sl con sdgy0ne Jdo 4 g Bule
Ll Y] ssb o oSy oun slaog,S ol aSsl
Ole GRIFH L pYelS pules (SapiSly rals
oS ail oo Clepplay oo e el lbaY o 08

(01,8 il a5 y3) 2o o5 Jlos jloud glod (i, 80} 5l adle e ) (1) 50y i i
FJ
& oLy & saly & saly
=
a a
[ Y - W A s

(LFs 5o il ey 3)

] °
(LFe 50 pld o ) aalls
[ el =

.

(1) el FA gunlan (o5
-

(g, o s L
e 0 pld i ) el

P T A aml
(P 50 pld ) bl

e V8. Y-

f. F.ooo5.

-¥ Gl faz Y'Y pYelS Colu FA (pwlon (SundSTly » (53588 <o pb 5 555wk o (2 loyS ;b o slos 15T -A i
OWlliS — (6y94bel sas > ;I w (Delamination) oY o5 ol

30 Sy el a8l ol by ol las ol daayy
wl B b ond L gladised jl endaisls glasYsls
ol oY (5,25 oy Gl b oS L
ploul a5 o, oo Sl 4 ol 4l alS laY ol
Slnl s 1Fe (59,08 cupo b gluos il e
iyd g g9 B Rl s n)y sbewsl g bS5
oz g (SlSe oYLl byl 5 o 5y Do
Yl o beaY ad laa e (IS (5 ek 00 5 o0
Load ol Lol ladiged 5l eadaizle slo
Aol ohw 0 sy P9 Fr (Soj08 Gulyd
calpo b sals clodiges 5l cadaisle lapYyls
Slew gleo il (A USS) all o asline So,u8
Sl s s a4 Bl gl 5 2bS b
5 Cusb, @iz Sl e by Blo bt

2 Sl — ol S Ju anlp by @l

“Sogtbst 4z 93 5l e pYSS slaa ad
52l )3 G)eabst Celu VF Lold a5 1> 52) (uilsias
olis (Vo ¥E OYC slas b sl 4o oulsiis cels Y
Ve slaay ob)S o sl sles iuli8l L as aisls
pYalS laas¥ o las ol ol 3 il a0 V0
bS By e leo 5l boase g audl oyl Sl
IS8) el andl pals of 5 cole ax 0 VY. 4 VO
Sl el 5 s Baile ooy I Bk A
[SUREIW VSRS N ST V) U I KC SN JUos
SrSolr p Cute Jlghls oleyS )b jlens S jsboas
S5 (A JS) cnl o0y pYel5 slaasy ol as
SlepYsls o o cud o 4 S5 L ars
SOpid o po il b ossals sladiges l cadaisle



YIS G0 p)l5 ol SlSe - ale S s Dol T

Yf/\/
o el (Sle - gle)S u anTd bead L Bl Ghn sl (RelS amys 5 (Saessly

b slay Hud lae 1A vl 38,5 oo (SamiSly oaay
Slaigel ;o Hailis —(g,0abse slaas > o pYolS

Ae [P tls azys) pila 3 gy jlewd elad (4, 8a) 5 il o 00 B0 pind g

(LF 50 pid g ) 2l (1Fe 50 pid g pd) sl (1§ 5 pd g pud) Ll
o o o
A\ a L] a

(e 50 P i) sl

(1 S50 p o s pd) aalls (e 50 p i i) sl

(1) basy ool

Ve V8- Y-

—534boé g3 a5 2 i s pY oS A (yud laa (55 58S cu 0 5 &)Wl (o loyF Hl Hlew slos il -4 Ul

Sl b e Ll wass e GalS pies
08 5 0,5 oy L L sl ity o 55 o
a0 g ok 0oy Job (RalS 58 5 (S o
Sldee 36 DY) 005 0 st Cuglie als
S Sunglie pr (F3,88 oy Gl g 55les 2
SlpYals o as was o plas Ve JSKG jo lepYelS
bS5 anTd boad Lo sladiges 5l eabaisle
RS RN ST U IRWER
5 Vb s 4 S 03,8 oVl Lhos e

Iy-] Aol oo andls lae

dopmrill Jgdo 5 (phed Cuoglia Y-F
pY ol (o
SIS FARNe i (5 NC PN [ e
I oeasasle slbaYslS tes Caglie » SolKe
Ol boas wsls las eal jlewd g wald sladiges
3l )F il a0 V0 VY. 5l Sl )T e jles sles
a0 Ve Gles yo g aidl yili8l Sail sies Cwglas
S pzes (00 U8 aboe gl o5 il
Vo SE e pYolS (phed Cuglia (58l Gl
Suaglie Glime ) B aile Gloy Gl L a5 ams oo Glas



VA Ll oF ojleds (ool Jlo (ol pl 315 5 gz alio alors
“YfQ

{4z, 800 g 5 ile ey

18 il 42y8) oale 5 5l Lo sl
sl anls asly

(15 50 2B s i)
°

-
.
L

]
eV )

(F S50 i g i)

(1F+ S50 i g i)

(1Fe S50 pid g )

t;":"'“é' C.«..ns'.in (MPa)

T2 Y- ¥- ¥ 5.

P (ohuns Cungliio (50 2 g 3 3 S HE e o 2o 5 slond (slod 5 -1 Y

Jode oy £ooa T gl ba¥ (Soud oy
oildl s 4 as b e ol apYelS a Yl

2 Sle ol S jlbu anlp Sl e @l
sl lid 50 eadaisle slapYels anc ¥l Jouw

~dgad l eadaisle slapYelS (o Ll tall o aiiudls
D o u*“‘f" ‘u;.’.L")f S M‘f’ Loosd s sl
REPINCIUNE JENCIY Y RUPEC ORI VT
Seuss 5 LAY das y olel Jds @ vy e
ms0 Sabo alS Ay g osx Sl oSS

sl

Jsse e 2bo)S By jled gles (l8l L oS
iz 50 (V) JS8) Wb o tol3l aYelS aiuYl
Aozl s ooy 5L Ly bl YU ole,F Ly sles 4o
Sl S vl 30,5 s0 0dSS 5 0y X
Jsre Soogilear L5 el Csxr el
30 a8 was o plid VY JSE b o (il 53l !
Gl g siluen i Jas plol b aals sladiges

(31,5 s 42,9) gale 5 5l slasd gled

(4T,88) gl aile ryla

VEeon )

Veoo!

Aiwasw! J9de (MPa)

AARRRN ™
(F e 50y g pd) wal
Yiews
& aly & Ly
Voo

(F e 50y g pd) wal

(1Fe 50 pid cy pd) anld

Ve 18- VY-

PY oS il Jgio 3 (53 32 b 9 55wl (o o2 loy5 b o glod 5T -1) Ui



YIS G0 p)l5 ol SlSe - ale S s Dol T

Jos bl IS jsbay vals sbodiges 5l oasaisle slo
L LSM")" w3l.fbo w‘)ﬂ‘ [EPSew) L:amY 6)Luoo).m$
L Ll 00,8 oo ancudls 23, YU Jdo & pYelS >
Olime doys Fooa Foosl oY (o ud oo ilidl
ol 52 O JS8) wbioe pRall (Sl (S ol
SCnSs o3l 4 i e L uls S Logas
97 O 58 ez b3 LBy Cwglie gesl yo b
ol a8 sl pggae Gl ol g sl oolidl glas!
3 SeS glbcass obxl e ((Sopi8 oy
Ay e slagis Gl g oexr (s sl
Py Coglie alS Solesys 9 (ch i Gos pE 0l
3l B b oosd e sladiges 5l sadaisle slapYslS
Saiges 5l sadasln glpYels 5l saS oS by

Tb/
'o‘)f’lf D Ls sw)a C«nglﬁ.n Y-0
Caglin Gl 2l Lo jles glos ol b as
i (Y K9 wbioe Gl ez b3 Loy
o b i Caglie (90;] sladiges jl sdslasoa
Sl Cor Ceond jo bewSs soles a5 wols las
Ol W a5 pl &S w4l j0 &g el ool
Jdoa ob)S e s les malidl Loas el
il 8IS (s3lshor 0y0nd; s dna Sl e
m (o0 00SD 9 0 gz LSl 5 (S a5l et
5 S 5 bl caw gilwon,id Jos plxl 1) gl
A 5,0 g g u_i;).s Shole o S slcass
O oS 4 ymie Culed)d 5 ez (S Cwglie ralS
YIS 5o eized 00,5 o0 ey b3 LDy Cueglie

(a7 il az,2) oike 55 sl jlowd (5Led

(az,8a) 5 ik mlaj

Yoy

| ] L]
(Fe 5o pod cu pd) anll

(F S0 pid g pd) anld

A5 B i g i) anll

i TR

t.f"‘:’ﬁ C.«..ng'.in (N/mmz)
=

5]

e s
o
;

(LFe S0 pid g 3) ol

L]
(hF S0 pid Cu pd) anld
(e 50 pid i) ol

e V8. Y-

PYSS oy s by Cangliio 2 (53508 o 30 9 6o ylo o2lo S Sl Hloud slos T 1Y U

hp Saglie a5 5 (e Jode Gl (e
Loyls as aiols las g opl gl 005 e >
G oely Sl — gl S b S5 anl ey
Sl 5 (b sl Shs b Jyame 0] o
oley WS tle a0 V0 ol S Jlu sles 5p

Wb 1 (Foyi8 oo gando Ve 5, Buk

WYolS cole jo AT Wl glas mls S gbay
Wy oo (SEe —2le)F )b (oS5 Jles 5,8
(wlad (FaaSly 5 ol Qi Glie Al co
oY pudlaz oliee Aol (ulos (SoniSly rals
Coaglie Rl puillas - 5abse slaas iz o



VAR Ll ¥ oylad ool Jlo eyl 32 5 gm aylio aloea

< \Y;M/

&b

[1] Andre, A., 2006. Fibres for Strengthening of Timber Structures, Research Report, Forest and Wood Product

Research and Development Corporation, Australia, 3; 1-91.

[2] Yang, T.H., Wang, S.Y., Tsai, M.J,, and Lin, C.Y., 2009. The Charring Depth and Charring rate of Glued
Laminated Timber After a Standard Fire Exposure Test. Building and Environment, 44: 231-236.

[3] Smith, I., Foliente, G., Nguyen, M., and Syme, M., 2005. Capacities of Dowel-Type Fastener Joints in
Australian Pine. Journal of Materials in Civil Engineering. ASCE, 17(6): 664—75.

[4] Liu, S., 2008. A kinetic Model on Autocatalytic Reactions in Woody Biomass Hydrolysis. Journal of
Biobased Materials and Bioenergy., 2: 135-147.

[5] Garrote, G., Dominguez, H., and Parajo, J.C., 1999. Hydrothermal Processing of Lignocellulosic Materials,
Holz als Roh- und Werkstoff, 57: 191-202.

[6] Lam, P.S., 2011. Steam Explosion of Biomass to Produce Durable Pellet, Ph.D. Dissertation, The University

of British Columbia, Vancouver, Canada.

[7] Assor, C., Placet, V., Chabbert, B., Habrant, A., Lapierre, C., Pollet, B., and Perre, P., 2009. Concomitant
Changes in Viscoelasticity Properties and Amorphous Polymers During the Hydrothermal Treatment of
Hardwood and Softwood. Journal of Agricultural and Food Chemistry, 57: 6830-6837.

[8] Biswas, A.K., Yang, W., and Blasiak, W., 2011. Steam Pretreatment of Salix to Upgrade Biomass Fuel for
Wood Pellet Production. Fuel Processing Technology., 92: 1711-1717.

[9] Mitchell, P.H., 1988. Irreversible Property Changes of Small Loblolly Pine Specimens Heated in Air,
Nitrogen, or Oxygen. Wood and Fiber Science, 20(3): 320-55.

[10] Stamm, A.J., 1964. Wood and Cellulose Science, New York: Ronald Press, p. 549.

[11] Gong, M., Lamason, C., and Li, L., 2010. Interactive Effect of Surface Densification and Post-Heat-
Treatment on Aspen Wood, Journal of Materials Processing Technology., 210: 293-296.

[12] Mohebby, B., Sharifnia-Dizboni, H., and Kazemi-Najafi, S., 2009. Combined Hydro-Thermo-Mechanical
Modification (CHTM) as an Innovation in Mechanical Wood Modification, In: Proceeding of 4th European
Conference on Wood Modification (ECWM4), Stockholm, Sweden, 353-360.

[13] Navi, P., and Heger, F., 2004. Combined Densification and Thermo-Hydro-Mechanical Processing of
Wood, MRS Bull, 29: 332-336.

[14] Tjeerdsma, B.F., and Militz H., 2005. Chemical Changes in Hydrothermal Treated Wood. FTIR Analysis of
Combined Hydro Thermal and Dry Heat-Treated Wood. Holz als Roh- und Werkstoff, 63 (2): 102-111.


https://ascelibrary.org/journal/jmcee7

YIS G0 p)l5 ol SlSe - ale S s Dol T

TAT/
[15] Khademi, L., and Mohebby B., 2011. Bioresistance of Poplar Wood Compressed by Combined Hydro-

Thermo-Mechanical Wood Madification (CHTM): Soft-Rot and Brown-Rot. International Biodeterioration
& Biodegradation , 65: 866-870.

[16] Ohnesorge, D., Richter, K., and Becker, G., 2010. Influence of Wood Properties and Bonding Parameters on
Bond Durability of European Beech Glulams, Annals of Forest Science, 67 (6): 601.

[17] Standard Methods of Testing Small Clear Specimens of Timber. American Society for Testing of Materials,
ASTM D 143-09, 2014.

[18] Standard Test Methods for Strength Properties of Adhesives Bond in Shear by Compression Loading.
American Society for Testing of Materials, ASTM D 905-03, 2003.

[19] Timber Structures- Glued Laminated Timber -Test Methods for Determination of Physical and Mechanical
Properties, 2: 15. SO 8375. 2009.

[20] Blomberg, J., 2005. Elastic Strain at Semi-lsostatic Compression of Scots Pine (Pinus sylvestris). Journal of
Wood Science., 51: 401-404.



N\

Iranian Journal of Wood and Paper Industries, VVol. 11, No. 2, Summer 2020 \

253%

/

The effect of hygro-thermo-mechanical modification on the applied properties of
glulam made from poplar

Abstract

The objective of this study was to investigate the physical and
mechanical properties of glulam made from compressed
poplar wood (Populus deltoides) by technique of Combined
Hygro-Thermo-Mechanical Treatment (CHTMT) which is
combination of two techniques of hygrothermal treatment and
densification of wood. The poplar wood blocks were initially
treated hygrothermally at temperatures of 130, 150, and
170°C for holding times of 20 and 40 minutes. Afterwards,
the densification process was carried out under a hot press (at
160°C for 20 minutes) at two levels of compression set, i.e.
40 and 60 percent based on the blocks thickness (radial
direction). For production of glulam, the blocks were jointed
together by finger joint and polyurethane resin. The produced
glulam were physically and mechanically tested for its water
absorption, radial and tangential swelling, delamination,
bending strength, modulus of elasticity and shear strength.
Results revealed that physical and mechanical properties of
glulam were enhanced due to the CHTMT treatment.
According to the results, water absorption and radial swelling
of glulam were increased due to the CHTMT, significantly.
Moreover, this treatment reduced the delamination of samples
after soaking- drying cycles. It was also found that the
CHTMT could significantly enhance mechanical properties of
glulam such as bending strength and bending modulus of the
elasticity; but decreases shear strength of glue line. Generally,
results showed positive effects of CHTMT in glulam
production.

Keywords: Glulam, Combined Hygro-Thermo-Mechanical
Treatment (CHTMT), Physical and Mechanical Properties,
Compression set.
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