VET Ll oF ojleds coo3ly Jlo ¢l 3857 5 o mslio aloee

Ny

4

JWad (Cupressus arizonica) § yus © 92 y3 fedo osddI il caila (4 53 S0 glis g (5, ladsh (4l 3

NLT 9 suldicul s 035t L ACQ § ACC iBla ol g L sudh

| ok 125
g3l ply
T oyl yiasl

B2 5 Lgr @lio g pele 09,5 (6 (ol
Ol el oISy ¢ o s oSt

e[}.n 0asly dels” 99 é)LMo 9 [agl.c 09; )lg)l;'wlr
Ql)il ‘Ql){)’ o Kisly “_;&A.Ab

éJLA 0dSisly dels 999 é.;L.Ao 9 fgl.c og)f )Lyfb'l.)r
QI).’.‘ ‘Ql){)’ o Kisly “_;&A.Ab

pmoradpour@ut.ac.ir

A RAVRLVAR R IR
VW il Gl

(o9 NVgame Sl o cull cws b Ko
‘L\.u‘ e mlwb JA[SA (EWP) = o0l (o

S92 Sl (297 0o cwdige leos gl 8 axng

1 Engineered Wood Products

LXVCCY

(29 O (gwdige L;Lmos)ﬂ)_é £3> (NLT) Tuo Lol 550 by G il
o) NLT il conle 4 angr b )by olgls Slasle 5,8 a8 s
@ 3o Ll ugby @ Ce g g anily Cogb) Cle 4 YU bles Jgaome
e Jolse g gyl 53 03)58 ol cblis ol e o & (St
2 ACQ § ACC (blis dlgo 13U Ghaghy cnl 53 hasy(oo o3 4 (5)905 5ol
Cupressus ) gyw 4355 10 gus odiad Jlasl s iy g (6)haSS lgs 5, Sloce
oy 90 (NLT) o b ond 0 slaa¥ )5 oslazwl » 4S5 L (arizonica
Sy dop ¥ ocbale b bls sl Jolowe 5l Y jla (ol Conl 48,5 1,8
Sl Bl s b oled )3 Bjlias (sl b3 3)90 )5 0le JBlas 4y oliws
bcwy @ o ol ooy b (5 S Q193’ dudﬁp}i A5 ool AWPA
a8 Wiloaly L guls a0y cillae pulus o (sla Jgo,d g NDS 5l
ok y90)l (SwlSe (slacaaglia p ogllael I ACQ 3 ACC bilas 3lge
JNLT cole lp sudgiome g 0 el jol cpod g 3)l6 Limgh opl
ROV SR E aslss dog gy &g 40 Sblas 3|9a o,g.l [FW &L.,.i}] slaaiss
Sl Yoleo b osd i iy Caoglie w265 Sloren &S Slodly lis guls
il ladiged o s cunslls do .l aidls 2935 (2,55 zuls ¢ NDS 5 o

Cw) 00 ol Sl Dges g oD

.NDS

doddio
4 ooz qhee R g Vg 4w S
5oy Jled sl el o Slasle adgl ool lge
LDV ag ilae wisgy (8 gz S5 51 45 e bl
Sloygo 5o b Slaxsle osle ol wlie (Jb> (pl
035 65,4 g Cenl oud (Slpds GhgSws ]
5 oad oy by as laaiss g kd oS sleary



o G 00io Jlasl (il Caaglie g (5,5l lg

dilosls ylas by cwyp V] cosl oais 5135 wo s V-
beos ogrinol] e Elgil 6 l0aSs g5 Cud s aS
Ao, Olss a5 eba il Ger Cugb, asy
Gee SIaS Oy ced)b als el oo Cusb,
Sugby wo)s Gl b Cwglie 285 cnl 5 0pdi o
).swjj.:b)}um[/\] Sl 00l iy
ol 38 5L s satms Jlasl (61085 olgs e b
5 5 Jol 4357 ) Fe )10 g cd )b oS (5 by
slacl iz [a] col oog ol b aw olaws L
A8 51 saims Jlasl 5 l0aSs g g Wlgi oo s Jlas!
5 oads asle by Jlasl Cuglie a5 (5 ebas il
g D9z 00,5 A A Camd AY A5G g Og> i
RIS NS Iyl el 0dgr yidiw Hlocys adly ass
L s 50 3ai Sz 5l yilie saims Jlasl (6,045 lss
L‘boMQJLaS‘ U"‘ QJS.LQ.C ] 00 (e oo)5—|J§
Sl Cuz & b 4 cod BUI  Sges Cgx o
a5 ol DVEN ] il sog yigp 0,05 oo )13 SUIL
Sblis oske ,bicos Wig o 9z sos sl b sl
sk @l &5 osbay 955 I8 5 ead ool
cbli> MDF 5 Cgz 00,5 au a5 ool ool ylis
Conglin L2alS cel ACC g AC bli> olge b oad
Slge pen a5 Cusl > jo pl 0gd pe oa ol
wloads @Y ass g,l0aS g Gl cely sblas
Y5l (SlSe olss gy 4 bsie b [10]
ool &S el sols les ACQ  sbli> oole L (GLT)
SlSe ol 9, » ol 3l blis ool
sole cal ol 5155 pimen [V 7] conl arilas GLT
il el ACQ-1900 5 Wolmanit-CX-8 bla>
oS os> sbosyglys o VY] cudl sus MOR casglie
Sudyl WS o et eS Cox Cunle Ll s ol
b bl 5l olewl b fe (g 0a5 g ol
Ol Ol a5 Wl o caws 4 (NDS) 9> (sleojles
Sbaiss gl cud b ol ol ez anals 5l Sk
oz sles a5 Jb sy VAL el snts [les S Sgm
Jlasl b Jeos b b wilgs oo Sblis slge b &Y
Sy OYole ol (o Lol fpl by bl S5e oauas

\\f/
5 I iRl DUl 5 el b Vgams g
boile Lol jolic (s 4 SeS olal b baazss
2 Gloans jo Ll g S eke (DB L S o9
MTP) x> g9z SVsame adsi @ gk 4z gl
i eslgls o Sl MTP oMlasl coul oni o>
@ a5 Cawl 5,5 ol b gz oad  wdige sloos gl )3
O g dYs8 Sl eoliul sl 4 cslie (3l e
o LY 0gi o (Bime e g cole caio 0wl
L WVgaxme Juls Slasle o &lojle ‘_gl.boo)sijé
sl gl glgil « CLTYGLTT asle YU Cuwlies
OSLALSLY PSL” LVL® usle (SCLY Szl
oy Jlail b oads Jate lY jolie oomen g
9 (NLT) Zee b ooads 5,0 sloay Jo asle  SGle
Sl ool OLTY o Looads 550 sl ojlwais
odaz (297 gl &5 Cenl IS ol 4 NLT sla il
Mg sln goges slnl) o g (Culo) ad (g5, 0t
0 50 S & e b Sl lojle sl
Il (v Jsis) wes
gyl sirml 9 e ) S b
ad 29z sbojle jo eolatul 8,90 slaoaias Jlas!
Slp ele olsie 4 me 6 l0dSs oy cud b [F]
Jolse 45 355 g0 i ys5 den b JLadl Cenglio s
Boc g yhd wainy Jlail swaie S alex 3l g0l
Al g Cugb ) aoyo (BU agly L L Cpm g S9a
5 G Nk oy 5 9z (law G £9ivosz
S5y g o ool gy 185 0] o)l (S o5z
Cowl ools lzs (Pinus sylvestris) JX> zI5 Gox
4 Cond 855 (nl 0oz Oler )3 e )08 Gy
S Saglio 1alS e ol ool e T Wb g
SLIL (ghlge Sz 50 5 000 T SLII 5 og0e g

' Mass Timber Products

2 Glued Laminated Timber

3 Cross Laminated Timber

4 Structural Composite Lumber

5 Laminated Veneer Lumber

¢ Parallel Strand Lumber

7 Laminated Strand Lumber

8 Oriented Strand Lumber

° Nail Laminated Timber

I Dowel Laminated Timber 0



VE-Y lasli ¥ ojled ozl Jlo el 85 5 s mulio aloea

< \\‘m/

NLT o oolatwl » A:\Sl; Loy o2 50 oo odid

sl 438,518 (o) 2 2590

Lngoo”TJ.é 50 oolatwl glp eads cblas K| S
Sede Slgi oo (297 ool Gk sl oad waige
ACC _bli> olge ;50 imoi cpl )5 9, cnl 5l il
Jlail (bl iy 5k 5 608 g cud b » ACQ

& b 297 519l JLailogaui g NLT Bl 51 (Soileds 5 - S5

‘SJQLG.) \)‘5.6 lJ O‘)‘Q’S olimlo Y e éal....o 9 ‘n9lc 05;
Lise 1o Sgeyl ladiges gLl 5l o aios gl
Canis 5l g 08,5 18 ole 90 Gae slp pEislej]
b Jolo el lndiges ubeSis 5 illis slyo
(Sl G e e A Gl slagges]
aw Glp SLIL Glae oy g (S SBASS Zunglie
)f;’}.oﬂ Oeisla Loy sals ¢ ACC ACQ Lo
o ly b pll oLl 5a5 sl WOLPERT

sl SPSS jl38la i 5l axd)S Jai o 1S5 0 a5
:\.«...»JLM Ls‘)" QS"‘Q 09“’)] )‘ 9 aoals J.J?u @
ats Vs i 5l (glae oo 51 solital Ly Silo
Al eolawl le:\.'yo)] sl 6‘)4 L"““"‘.‘.ﬂ J,«u )‘ 0

ol s bl suse slegsesl §l ales (V)
o oaﬁboa\ool‘i}i\" JS.;Z,)¢ Yy

g, 9 dlgo
Cupressus ) (slo i gy aigS 5 Limgh opl o
g Soas i 5l eas Jlaswl  @rizonica
Al eolawl u‘,e‘; oKisls @....Ja é.gl.:.a oaSlisle s
Sellay eads Jlasiwl gleaiges S lanl jehaie cpoy
g g l0,3) ole dws Do @ aylll ul g wsal o
g w9 Wl Sias ol glga o (ols e
BBl 0 Sgeyl ladiges ol ags wewl sal il
- ol 3o V\YEY  Joles Cosb, 4 yauw, B LeudS
s ACQ sblax dlge 5l badiges glodil (gl . iuls (g5lw
3l e sblas oole £45 90 ;2 3590 4o .ol colaiul ACC
A eolatwl weye ¥ ochale L sbles sy gl
hey 4 LN al b oad Sas Seejl sladiges
cbla> olfisle;l glasl jouliw 5l oolatul b Joko

[vY-1a] coliiuw! 5590 W0, laibw! 9 5305 £45 ) Jaoo

oalaiwl 8,90 o, lasliwl

o9l £

ASTM D1761-88

G 5 I0aSS Gl

ASTM D1761-88

ASTM F1575-03

G ke 0>

ASTM D5764-97a

o iRy

AWPA.- P5-00




c..n oMbJL@‘ ‘sub u,u).v wsl.a.n 9 6)‘;)@ 0‘53

yoglia VO g
yiosloa V(0 4l

o9 ol 50 ol oolisiw! o - ISl

{ - -

5'0}““ 2. lem
30 0cm

o —
S0cm b 4
<.0cm ~

pa

J0.0cm

Lhom

(o

09031 (5 Fne pband 4> 139031 ( il G030 3L S35 13031 (@ Fmn 551045 BlgF 903 (A ddigo3l 51 (grlos —¥ S
) oFassy

C97 )0 Fagkee TV 3585 Gas b lagns o laibisl 555l
VO Hlad b oae sl yis Fligw sl 0l easS
L ool oS )lg Oy s Al oolazw! Tue )Jas RV

A ad )5l s Fre odiss Jlasl (5,10a55 lgi lsis

010455 oyl7 (yga 1
5 Jailiasl U 3ollas Ladigas (5,045 3ls5 (w2 (6l
askie V0exBex0de olul 4 5 ASTM DYV$)
u.uLw‘ P o (g_.(L” Y ng) 2535 09) w).' (RxTxL)



VET Ll oF ojleds coo3ly Jlo ¢l 3857 5 o mslio aloee

M, =122 )

S=— D)

st OB AST (905

Sylbs] wlal 5 g TS Canglin Q}A)’T
Jlasl 5 ooliul S50 gese (gl,y ASTM D5764-97a
sl slhe (o ¥ JS8) 0 pbel bp b
dwbre gl oy Y mm/min g 38,1 ce
Al osliiul 5 Jge 8 5l (PEAST iS5
Py (N) o 2S5 25 Fe (N/Mm2)1 o as
4 by ye 5 4 Dr (MM)s T(MM)5 els 0> (595

F=—" )

odalive 5 gue (nil> (op b ogesl el 51 e
CanSs slade 4 axgi b)) 5l Jol> cusls slass
GO oYoles) NDS o oo ail,] a¥oles o (F JS&)

DAL s acilre (sb ils (i b s b (VY

Mode |,

Mode I

Mode I

5l Gy o903

Juail o ) Shos 5l L cgz il (b2 045
Juail 555 oyl o plonil (8 Jb pl s Fe i
(o JSl) ol plamil (Gl amio SH L) (ggee 90
e piae g Lol g gloil b alols 5zl e
SYolro 5l cole i b dsle (gl 09 e o O
A oolaiwl (Sl glade 4 4z g5 LNDS ;o 04250
s 9> Cnglio sl yiie ol ol el sl
P9y 4 9y 4595 (S oTAST Cunglia g Frne e
el 25

G o ponsd 92 (39051

Stewl bl cied ek 0> Canglie (yge]
ey (g ¥ JS—2) i sl ASTM F1575-03
Cnglin dlxe glym 0l pudas £ mmimin g 135 L
b osliinl o5 Jgo )8 5l e el v (Ao
s o edand A Coaglie Fyn (N/MM?) o] o a5
3 My (N.m) (alaie il Jgae S (MmP)
aSlbs Jsdb Spp (MM) (ks 0> (55,25 Py (N) ¢ sias
Lol Fero Jsbo D (MM) 4

F,=—2~ M)

—
Mode Il

_’
Mode Illg

_-.

Mode IV

[VAL (0 amivo ) (Ggpe 9 (39031 30 oSy (gloone —F S5



o G 00io Jlasl (il Caaglie g (5,5l lg

\M/

Z = % T ) dse ol o
Rq kol gae o Sas dl:ln oo
K,Dt F 8 sae o, Sada:ls s
“@+2R)R, M @ sazns Jlasl sz 111 e
e
=S o 1, @) b 3ae 53 (Sab g e U8 i : s e
2 Dt F..,

Z _ D— 2Fng1'EJ (\ .) Z — R €l Im (a)

R, V3(1+R) d

Dt.F
Z=_RS €s IS (?)

d

- JR, +2R?(1+R, +R? +RZR? =R (1+R,)

am
' @+R,)
2F,,(1+2R,)D?
K, =-1+ 2(1+R,) + F I QA
2F,,(2+R,)D?
Ky, =-1+ 20+R.) | 28) (")
Re 3Fem|m

WAA e 4 ACQ L ool jles sladige;l ;o e

S S FY V3| RS W) R R W R VAR PV
—ails |y Caaglie oy s ACC L oo jleus sladige;]
b yo gom o5aST Coglio oy yiion (590 YO +) Wl
FE YY) ol 0090 ACQ L o jlows sladige;] @
oSl L3 4 bape ol (@ eidee 2 o
Eo 610455 pl5 SBUII L (g5lse by Cunglin g0
0uds Jlogt sladisajl sy SBASS 5 (il Sin 5
ool LI Y Joam ;o als aige;l o bla> olge b
b ilsly 6l bydin b oS Jgor ol Gllas ol
Comnd B Slg as OBMGA oddlive w00l ul.?b.»‘
5 S L lse chp Caglie ge3l j0 (2,5
Sl nlply sl <[00 5l 3355 S oBaSS
0 slezel mhaw ;o gyl goe NS a5 8 F axS

Sobe )l 09>y ead oy o e duo )0

A8 D AN) (b ol B 59,8 20 50 o8

Cwoglio FES (MM) £)8 sac Cwbrs ts (MM) i
Cwoglio Fem (N/MM2)  c3 sac oo 5SS
Cenglie Fyb (N/MM2) Jlasl Lol giae o olSaSs
Cos RE(N/MM2) Zo s 0>
L ZMm32/4D sl VIV R oo Jlode .l

Loy Slpsd coypo 9 (mNbe polie ¥ Jgo )0
G 6,10855 lg3 (SBLIIL (s5lge B Caaglite (903l 4
Lo Lo sladigej] g o84S 5 (l> 5y b

el oadosloslis sall byji 3 G,JaL» lge
Silge Sy Cuglie o yidon d9d oo 020 4 jsbiles
s UBA Gy & sals sladigas] 4 by ye SLII L

SIS Gl Olie nyinn sl 089 @ e ke



VET Ll oF ojleds coo3ly Jlo ¢l 3857 5 o mslio aloee

\ \ﬁ/
DS 258 o0 osalive (il o 95 9 Ee )
3590 Sl i (pm o0 A0 slael mhaw j5 (5,10 gae

56 ACQ § ACC _ibli> olge b gy 4555 clsli
Coslie 9 SLI L ghlse by Cwglie sl e

-5 ij Q},o)" 5o ol ailas =\.§5§ O.g.‘ = 0154.353

9 JLail (il by (5950 Fo (510455 (3lg (SBLIIL (53190 b 2 Cengliio (s yg0 3T ol pusd it pb 9 (Silso prolile - Y Jgur

) oFass
o TS JUail (sl 5 8958 T (5,108 g SLIL 6ilgo by gl
Ccv _ cvVv g (59 9 CcVv & (5510455 ylg CcVv e 3 Ceoglin Lo
) ) ) (l) (N) 0 (N/mm?)
(N/mm?)
\Vid FY/IAY YAIY Yo Uy \YYV/# VF/f MNAA ACC
AN FEIVY ARTA% Y.r. YYIY \YaA VF/O /fA ACQ
YId fY/ieY fIf YfYY VFIO AY - N UOA sl

S TSS9 (le b (595 gime (510455 (g (BLII L (3190 by eoglilo (s yge;T (wils,lg &y gl Y Jgus

T 610455 lgd

SN 6ilgo (o cuoglite

I
3 ) 3 ) o
qj \;aj 3 G
- 5 oy 2 . 5 Y = e
()] 3‘ w 3\ ]
3, \ 3, ) 9
3 3 3 3
) ) ) ]
RS SR VARE R VY VAY/ R SR 10 SR SIS I S IVYY VEEE Y P95
FEAIY/A OYARBOIY VYVE VE/FQY 1L S PSC SRR
VYOSSYA/E \Y/ars VF Js
oy oSS JUail (sl 35 5 (59
I
3 . 3 ) ")
\;% \;ij 3 G
o w Re' w o 0 3 w = &
wn 3‘ w 3\ ]
3, \ 3, ) 9
3 3 3 3
) ) ) ]
JJEEY CJAYY /¥ £1a JJef YAQE VEAESAV/S  YA-A¥SVY Y P95 o
YA FYIY YAYANO YVAYAA- 1 ST YT SRR
Nl O-AYTEYY N f Js

oole a5 el ouls (5,138 ien o iegh [0 !
SR IS NI Vele QLTS
S5 Seiman 5 (L3l 5 iy o8 Lsk) Spig sl
—adl b aS el anilad ()8 Sige 3l gl £
ool e LYY gel sl Sloed yol> iagh sle

Sadiges bl SS9y G905l 9 e S 1085 Bl
sSlee ACQ § ACC _sbli> olgs by o clilis

odds syt S y305] 53, p bl oole £55 45l
oMo oS poblan sl oddosloplis B JSE o

oEaSS Cunglie 5 BLII L (s3lge by Cnglie 9 o0
3ACC GJ@LG}Q‘jALoM&LMJsﬂd);)QW
Cuaglia y HBli> Slge ol i 3l il Sl
G55 pl s BT Canglie g BUI L (slge by



o Ge o Jlail (ol By Seaglie 5 IS5 Ol

MDF wiile o5z sloojludiz cbilix Y-V F ()5
cel CCA 5 CA blas olge b gz 00,5 a5
Col (Jb o cplcwl odds g g )aSS g Lrals
Bl olse b Your atss cbli> jhagh ol ,0 a5
o 2 |y m 6)0a5 Glg cueglis ilEl CCA 5 CA
5ot ool @l lsS Wil e a5 [V0] ol asls

byl hagh

\Y/
S aisly las sgr ) valds diged A Cawd (g
Solosire D sblas slge b oo gluil slaaiges
ol e eSS g eesl 5o el sais svmlive
9 ¥F i a aall gladiged 4y S Cunglie 238l
ACQ 5 ACC L ouis clili> cladigas ,5 woys 58
eLdl ladiges ;o (lr iy s (RPNl 0o
Y ey @ sald dged 4 Cud ACQ 9 ACC L ous

A
A A W
FERD A ] A i 3
jr g "
g T %
s 3 A
Y
a; A '3—: 4
< ,
i 3
z " <
5 : T
; z .
ACC ACQ aaly AcC ACQ aals
(@ (J
Fo- 5 .
Foe B YAse B
. Yoo 5 W
Sw.| B
3 »: A _-3 VFee T
g Yoo 9 ..
S Wias 2 e 4
,_'L )
5 A q A
A R g
z
g LT 20
5 "..
Acc ACQ aaly = ACC ACQ
¥ £ anls
® (&

o5 4SS cungliio (o «BLII b (55190 0 Cungliio (I i3y cnl 30 (omyp 390 S (y903T (595 3 (Bl oolo £9i I -0 S
Bl G )b o S b (0 F (6510450 By adyb (T

9 ACC obla> oole L ouls glosl sladiges jo (g)lo
YIAY Glas b s 5 a0 Yoleo (pl g conl ails wall
o A5 50 1) s )l0a g sy FY/AY
oole b oad glil sladaigas jo Laileo,S oo i
ol il 1y Sladren 1 3 SG05 ¥ dolee sblas
4g5 )0 fe 9 g ovwed Jlal eSS g (o
olad NDS o oy &il)] dloles 31 oolazwl b 295 5w
5 & G ol doles cpl 3l eslaiul b cl ools

To 5519455 (lgF (S
S5 b s sl sladae o she
Gyl ol @l F Jeamx 0 A 5 baS
@l SYolae b fue (5,108 olgs yge;] ¢ omims Lie]
3 Gl a8F 18 aslie 0,50 Jguz cpl j0 ead
SYolae 5l Jool> bl b (6,085 (lgs (5051 O Jso
-0 a4 joblen Lol ool dslde ool &)

iS5 ol oeel b1y Slgten o ytiy O alole g



VET Ll oF ojleds coo3ly Jlo ¢l 3857 5 o mslio aloee

< m/
cerd bcs S Ay peie g e (Bl A5 A )0 my
I¥s] el 05,5 i 2o, YO 9 1Y (VY (glas

Sl Sy BB a2 VP g WY ol oo b e
6,585 lss NDS s sy &l alolas cpimman YO

T 610450 lgf (S iy Sy o0l oolaiwl oo —F Jgu

2o (N) o 65,1045 (ylg5 Alolro Jow
FLP-GTR-190[5] W=73.11p?DL )
JVANDS [ W= 98p°D Y
Rammer and Zelinca [Yf] W= 77.51p°D Y
Rammer et. al. [Y5] W= 42.8p%D f
Rammer et. al. [v#] W= 29.6p*%D b
Joo sl o 2o b e (6,10450 Oy oo (S 9 (22 I dmglio -0 Jgu
(N Jos 5l oolical b ooty s iy s () o5 ssalis ot o
I ¥ Y Y \
1192/95 1592/56 1757/93 1490/99 VFOMNY \YYVIF
2/82 -29/73 -43/2 -21/46 -35/07 [EESIRWRY ACC
1192/95 1592/56 1757/93 1490/99 1658/13 YA
0/15 -0/14 -0/26 -0/07 -18/61 [EESIRWRY ACQ
1192/95 1592/56 1757/93 1490/99 1658/13 N L
-42/02 -89/59 -109/28 -7715 -97/4 [IZESRW

Slodise;] sly CenSl de prdd 9> dolae ot
w asls 5 ACQ ACC _ibli> olge b snd Lo
‘uLo& ! 0092 M)O INTZS 9 ZO/IYAN £9/4Y w)a

aald digejl 10 dmien C85 09d oo abi>de a5 5b
a1l SYoleo yige Budad caumoylid a5 csl 009 yigo
sy 5 el odid Hles sledisS L NDS o ous
2 O Sl iegsy ;0 NDS o¥oles (cs i <80
o Cawsd 4 il bl Fowe g g odins Jlasl g,
5L 59 NDS OVoles dg o S8 a5 (6 sbay ol
9 o oy oS sl g oaims Jlail (> b0
Sl odls Jo)l38 a0 VO 9 V0 N i 4 poio
Slos> )5 fe oawas Jlasl o coeS ol Y7
Cowl 0ol (5135 Aoy YO U Ve sgu> 10 0als 2L

Iyvl

S G 9
wsle Jlail il (o )b gbesl pbml 5l
Gir b Doped CeSt el g 4 6l ead
> Lasl Jlasl Joxe g e jome (oo 5o 2di0d 03
56 Joe NDS o oads a1l SYolea 5l eolaw! b cusls
s b b5 ad Rl ead i ek o>
=l g 2 b dwslio ol duglie ool (5,505l
sl o bped v iy Joe Sl Jeol>
diged CanSls do a4y az g8 b ol ool &SI)1 £ g0
KONT IS IR R SR VCY || PTGV G IR VP ST FRey
5 Sad A goaims Jlasl gy JSKb s CanSls
Slood aw ;o (6l Gl we ol snys 28 gac
3O peo g5 50 CanSlh de ol (F SE) cl oslog,
s (Vo) 1S 5 20 igh 5l odwlcawsa mls

CB dgdi oo 00y £ Jad o LIye] ol oo saso



o G o Jlail (il Gy Seaglie 5 IS5 Ol

WY/
O DM a0 )0 9 82 o Jgo 3 5l 00l (Lot Gy bl 92 51 b (o225 pordndd > ) L dunlio -7 Jgurr
Gpbedoe b s

POU R CEU FRUVRE ) LES IRV CanSs do S Jo ) ' )
. ) . ) . . . . LJ}A)S )‘ odus o0y oddline L‘b)“'m
0l gy g 00 odlive 00D gm i 00 odwlice
(N) &= » (N)
“r£4/aY 1l 1l \ - OY/AF Yo ACC
+20/YA 1l 1l \-2Y/fY Yep. ACQ
+OY/AN 1l 1l VeYS/eY YYYy Qo

el 00l i Gl pebed 9o )b 4 Cd oal saslie plid o (b Sl og it cdies lid cutie e

W

1

o35 (@ (o dmbuo S50 39) ol g (58 guac )0 (Sad d g oasadd Jlail (g mes S i 15 Cansll o (A -F JS&
o Jlail (g mos o

L oles j0 aS sloojle ;o NLT 5l solatwl  ouS sl
Iy ool cblax slaaisd 5l solarwl b siws Cughb,
=45 Glgs aS wilesls lis bl yuiores Ojle oo pus
5 ACC bl olge b ooass cbla> gpw 4555 (5)lo
L g NDS 5 ous ail)l aoles L les oo |, ACQ
o a0 i o yiegh jo euls &Il SYslee
G933 S SBASS Sanglie (Dbl )3 35 (St
2 ke 2P 90 Ol a oS SUI L jlee iy
SR azg 050 0jlgen NLT ould cwaige ojlwsiz
5 ACC bla> olge b ooy gludl gy aigS 0,5 oo
dge a5 ol lad 0gr 5l 1 o> go,Sles (ACQ
NLT lojlu o, Slos jo oblax olge ol y0g Cuiie
Geo 0didd Jlasl ool oy )b Jess cud )b s cl
o ooygly @l b o93 Sles o @b

=

G b Je bl s oS s 5l b

5o oolaiul 5j50 slddisS (o Fwe ouips Jlasl il>
$9re Sl @97 slojle (bl 6l NLT cols
S e 5 A Bl gl ol 5o cnlpl sl
é‘}n lJ 9y 0l )Lo.u S =B Guo IS S¥-N) JLA.:‘
NLT o eslizsl » aSh L ACQ 5 ACC _obli>
SYolao b ol 5l Jolo @l 5 28,5 )15 () 9550
A ools lai mls wad awglie NDS 5 sud 4l
e 56 ACQ § ACC bilis slge b wg cbilas
Jlasl il i o Jas b s 5 o foeS ol
NLT colo jo sams Jlail L flaie 4 e oo
~a5g8 3l eolatwl aS cewl ol Silo el ol el anslas
gt Ailgi cod NLT ol o oals [lad lo



VET Ll oF ojleds coo3ly Jlo ¢l 3857 5 o mslio aloee

< W\"/
s )b 2hb lp sblas olge cpl boas gLl sl 30 bdiged CanSl de 0 NDS s ol &yl &¥olas
STUBLY Srad S8 5 1 o a5 09 s g5 51 (905 (0l
A o (£,8 gac o (Sad 4 5 oaws Jlal
&1 35l SY¥olre 5l edelcuwods uli aSil 4 axg5 b yuizren

gt Ciglee soinn g 5”" coles b ingss ol 00 &l.f..ibl Slodigas 15 ofga 5'5‘5 > 5l =S NDS

oo & e oSy aneds qulie oAl (5,5l g ol Ol ol o ACQ : f\CC Bl slye b
sl 0t ol (VF+ OFA [+ SV A) )5 "5 Sl g S 0SB g ) Ysle
&L

[1] Esteves, B., Nunes, L. and Pereira, H., 2011. Properties of furfurylated wood (Pinus pinaster). European
Journal of Wood and Wood Products, 69(4): 521-525.

[2] Harte, A.M., 2017. Mass timber—the emergence of a modern construction material. Journal of Structural
Integrity and Maintenance, 2(3):121-132.

[3] Council, B.S.L., Nail-Laminated Timber: US Design & Construction Guide. 1. 2018. 142p.

[4] Teng, Q., Que, Z., Li, Z. and Zhang X. 2018. Effect of installed angle on the withdrawal capacity of self-
tapping screws and nails; Proceedings of the World Conference of Timber Engineering. August 20-23.
Seoul, Korea.

[5] Ross, R.J. 2010. Wood handbook: wood as an engineering material. USDA Forest Service, Forest Products
Laboratory, General Technical Report FPL-GTR-190. 509 p.

[6] Kili¢, M., Burdurlu, E., Ilker, U.S.T.A., Berker, U.O. and Oduncu, P. 2007. Comparative analysis of the nail
and screw withdrawal resistances of fir (Abies Mill.), cherry (Prunus Avium L.), walnut (Juglans Regia L.)
and oak (Quercus L.) wood. Diizce Universitesi Orman Fakiiltesi Ormancilik Dergisi, 2(2): 61-75.

[7] Helinska-Raczkowska, L. 1993. Withdrawal Resistance of Nails from Juvenile Wood of Scots Pine. Sylwan,
137(9): 31-36.

[8] Yerman, L., Ottenhaus, L.M., Montoya, C. and Morrell, J.J. 2021. Effect of repeated wetting and drying on
withdrawal capacity and corrosion of nails in treated and untreated timber. Construction and Building
Materials, 284: 122878.

[9] Rammer, D.R. 2004. Review of end grain nail withdrawal research. US Department of Agriculture, Forest
Service, Forest Products Laboratory. 151.

[10] Chen, G., Zhang, E., Wu, D., Wang, C. and Zhou, T., 2022. Withdrawal behaviour of mechanical fasteners
on laminated bamboo lumber. Proceedings of the Institution of Civil Engineers-Structures and Buildings,
27: 1-11.

[11] Abdoli, F., Rashidi, M., Rostampour-Haftkhani, A., Layeghi, M. and Ebrahimi, G. 2022. Withdrawal
Performance of Nails and Screws in Cross-Laminated Timber (CLT) Made of Poplar (Populus alba) and Fir
(Abies alba). Polymers, 14(15): 3129.

[12] Abdoli, F., Rashidi, M., Rostampour-Haftkhani, A., Layeghi, M. and Ebrahimi, G. 2023. Effects of fastener
type, end distance, layer arrangement, and panel strength direction on lateral resistance of single shear lap
joints in cross-laminated timber (CLT). Case Studies in Construction Materials, 18, p.e01727.

[13] Dalvand, M., Pourtahmasi, K. and Ebrahimi, G. 2018. Investigation of the relations between screw diameter
and pilot hole diameter with withdrawal resistance in LVVL for establishing regression model. Iranian
Journal of Wood and Paper Industries, 8(4): 549-561. (In Persian).



o G 00io Jlasl (il Caaglie g (5,5l lg

\Tf/
[14] Maleki, S., Dalvand, M. and Gholamian, H. 2013. Determination of Screw and Nail Withdrawal Strengths
in Parallel and Perpendicular to Grain of some Hardwoods of Iran. Iranian Journal of Wood and Paper

Industries, 3(2):171-180. (In Persian).

[15] Tasgioglu, C., Ake¢ay, C., Yalgin, M. and Sahin, H.I. 2014. Effects of post-treatment with CA and CCA on
screw withdrawal resistance of wood based composites. Wood Research, 59(2): 343-350.

[16] Yang, T.H., Lin, C.H., Wang, S.Y. and Lin, F.C. 2012. Effects of ACQ preservative treatment on the
mechanical properties of hardwood glulam. European Journal of Wood and Wood Products, 70(5): 557-
564.

[17] Yildiz, U.C., Temiz, A., Gezer, E.D. and Yildiz, S. 2004. Effects of the wood preservatives on mechanical
properties of yellow pine (Pinus sylvestris L.) wood. Building and Environment, 39(9): 1071-1075.

[18] National design specification for wood construction: recommended practice for structural design, National
Forest Products Association, NDS, 2015.

[19] Standard test methods for small clear specimens of timber. American Society of Testing and Materials,
Annual Book of ASTM Standards, D 1761-88, 2003.

[20] Subcommittee, A.S.T.M., 2003. Standard test method for determining bending yield moment of nails.
American Society of Testing and Materials, Annual Book of ASTM Standards, F 1575-08.

[21] Subcommittee, A.S.T.M., 2003. Standard test method for determining bending yield moment of nails.
American Society of Testing and Materials, Annual Book of ASTM Standards, D 5764-97a.

[22] American Wood Protection Association Standards. Standard for waterborne preservatives, P5- 00, 2000.

[23] Rammer, D.R. and Zelinka, S.L. 2015. Withdrawal strength and bending yield strength of stainless-steel
nails. Journal of Structural Engineering, 141(5): 1-7.

[24] Rammer, D.R., Winistorfer, S.G. and Bender, D.A. 2001. Withdrawal strength of threaded nails. Journal of
structural engineering, 127(4): 442-449.

[25] Morris, H., Sinha, A. and Miyamoto, B.T. 2018. Lateral Connections and Withdrawal Capacity of Western
Juniper. Wood and Fiber Science, 50(1): 1-8.

[26] Taj, M.A., Kazemi Najafi, S. and Ebrahimi, G. 2009. Withdrawal and lateral resistance of wood screw in
beech, hornbeam and poplar. European Journal of Wood and Wood Products, 67(2): 135-140.

[27] Sinha, A., Gupta, R. and Nairn, J.A. 2011. Thermal degradation of lateral yield strength of nailed wood
connections. Journal of materials in civil engineering, 23(6): 812-822.



\,
Iranian Journal of Wood and Paper Industries, VVol. 14, No. 2, Summer 2023 125\

/

Withdrawal resistance and lateral shear strength of the nail connector in cypress
wood (Cupressus arizonica) treated with ACC and ACQ with emphasis on the use

in NLT

Abstract

Nail laminated timber (NLT) is one of the engineered wood
products which is widely used in construction. Due to the
structure of NLT, it has a high tendency to absorb moisture
and its moisture loss rate also is very low. Therefore, it is
necessary to protect it against humidity and degradation
agents. In this study, the effect of ACC and ACQ
preservatives on the performance of withdrawal resistance
and lateral strength of the nail fastener in cypress wood with
emphasis on the use in NLT was investigated. To treat the
layers, preservative solutions with a concentration of 2% were
used to achieve the minimum retention required for use with
ground contact according to AWPA requirements.
Withdrawal resistance and lateral strength of nail were
compared with NDS standard and vyield limit formulas,
respectively. Results showed that ACC and ACQ
preservatives had no adverse effects on the mechanical
resistance tested in this study, and thus there is no restriction
to use the treated wood for manufacturing NLT. Also, the
results showed that there is a good agreement between the
resistance predicted by the equations presented in NDS and
the experimental results. 11 failure mode was observed in the
treated and control samples.

Keywords: Withdrawal resistance, Lateral shear strength,
Nail laminated timber, Wood preservative, NDS.
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	توان نگهداری و مقاومت برش جانبی اتصال‌دهنده میخ در چوب سرو (Cupressus arizonica)  تیمار شده با مواد حفاظتی ACC  و ACQ با تأکید بر استفاده در NLT

