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ABSTRCT

Computer modelling is essential for designing and analysing mid- and high-rise buildings, as well as long-span structures.
However, practising engineers are relatively unfamiliar with the modelling of timber structures, and researchers often
lack resources for advanced modelling of timber systems. Moreover, the wood design features available in some
structural analysis software packages are usually unsuitable for modelling complex or hybrid timber structures. This
limitation hinders the broader application and development of timber construction, particularly as timber structures
increasingly require performance demonstration or equivalency through computer modelling, regardless of whether
prescriptive or performance-based design methods are used. This Modelling Guide for Design of Glulam Structures was
developed to help practitioners become acquainted with the modelling of glulam structures in China.
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FESCHR P I B AT AR REIESE, W I TPURBh, M0l 17 (f)2() A& H 7 28 & A A 3
R, FUOVEATRILU B ZE R AR N, s E R B b P AE AN PAR N DI /oK. M RR
BOTIAEOKRE, VIEEE VIE (NF) RERF R A S, DU KR EO0 K FEHESR A i) S8,
o ARG B E RN IS s 3, PRI IR e R 75 B AT R TR B v I iR AR . X T X
RSP, I SCHERL TR DA P8 51 R AE G2 B RN D@ R U, B LRI AT, 245
FE (O REAT (25 N R B 2 R 2 TR PR FF— 8O, XA B DLIE N

(7 Lok SCHEMEZR (R 1 L LA = A T2 (0 5 s R R, X S8 S5k R Z R B OREF 30°%1 60°
Ik ffo AEATRE, X AISCERNIR B LURA) a5 (M EHUR . Ak, MEZLIIRPE TR EE Al S DL 220,
MR — R R Gt BURHA BRI A R SRR SR B, I H B RE SR 25 22
TR MU T FER SRRSO Ra e, (BRI AT 3T 2 B 2 (BT I o

FPInnovations FEAT 1 — ZRF1 A 35 i i 5 (1 S4B R AR A B (2] JERERT R G AE e VE R AR 1
For (6], LRGRISCHEERE SO R N M [22] . ol T8 TR REBLUH BRI XT T RS M iR 45 1
AR B R E R, RIEHESR K AR 26 L AT AN e SR FIONL A A A8 SR (R AL XM 3%
82 HE % 38 1 AR T 350N K [ 5 3 e FLAL A2 N R 5 i L 88 P I vy T e AR X 4k
fRIAT RESRIE o

HRIH, HEARONRS £ Bk FAEMEREARERE . BRI & BB T B RS RO L 1, AT e
ROARMN TR 1. AR SRR BRI R, 7T AR Ik A A S AT A
I G -4k HE R AR 2 2 (23]

BRB ) SZF#HEZE

B B T RER BT BRI B AL, R SCEEHEZR A M SCHE T DA BRB 14X, DASEHLEE S
PERREEAERL (K 18) o BRB FE Al HE MU PRI 2L, I KRR IR HARAGPF 13008, IF HAE
HORH RS R AT A e, JXF BRB R S4B AN R, 8 A AR R T I R B 2R 1Y
HAxER sy, MGG 2250730, BRB RISCHEAME AR BLE RAGTE,  UOASCHE A58 AN
FERT UV FA R . Ak, BRB R 122 AT N AR S A BEAT AR E o b ot T SR R AE
HMAETERE /7, BRB R SCHEHMEZLAE NS K [ S SOV (24 A B R LR VB IE R B, i
NP . BRB ORI SCIEMEZRAEARE M R AR AN, P #I R BRB MY HHARH il Bl o
AL, WA LSRR ORI AL A 458 BRB W ACHESKR, 4 20 fra(25].

(b) - S
B 20. (a) KE &% BRB, (b) R IEEL AR A[25]

Project No. 301016358 27 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — S & AR LEMIEI A 4718 info@fpinnovations.ca
Pt STHEHESR

ol SCHHESE (8] 19) FEMZEM PSS 1w RIEERRZ RALAS T B B VR £ (26, 27]. 7E 1R
O SCEMESE R, SCHER TR I8 I B E A BT DA bR AR 0 A s Al S B, R T
R —A DB . XMHER AR S8 I 2 X /N BRI B D) S it IR OR FERC R RE &, X/
BRI . FERHIBCT b, O SCEEAEZR LR SR AESUNT BRB RISCHAESLRE T2
JFITRAOREHE. B 19 (o) B T MEAREEABAERAF R O SCEMER. B 19 (D)
RREEF R EERER, 5 19 BthSHE AR, HEREA LR

i oCo SCHFHEEAE AUARAME B8 S HE S50 B BB S A, RN ORI o 70 M A R At FR R & .
SR, AT DA REAE TR G HELE S P S5 40 v s FH O SCIEAE SR, A B BT A I 2 XA 1
K 19 (b) A1 (o) P &R 58 7% . Bruneau 25 AT FT (181K, RS EEID K
AEMEPERTEL . T H, RS R R m S A ), AT A S A R R
R, Rk, SREE SR X R L E .

FE Rl CoR SCHHEZE R, RSP By B i SRR T OO RE B B ORI, AR (L SCHERE 2R R
ERA LN RS ISR ANSENE . T HABSS R T GERRAFDIAMORE . T8 AT AIIERD
WS PEREBCE BN, DAAE M i B P DR R R

AR IR T SRS SN A 2L RSP A . AR SO AU IR RO R SCHEREZEAT BRB A S
FERESRIOMATLL, (B A — 20 Tt T A SR O HE R AR ST 45

3.2.2 BRTTRI

HEZR SR A5 R (¥ A PR TR LB D, BIBSHAERR (8] 21a) FIEESEALRR (8] 21b, o) [21].
PR AR A3 M7 2R B O RSO T ANKF- 5, A s 45 A4 i S B e R B R SO 4% . T 1
AR I A R . TS R R B TR IR IE SR, B HT R AT 22 P T8 R 7531
BT R . B BRI 2R s R e . X T RISCIE AR, EdE— N0 SCHE AT A i i
e, ATLMEA RS REHE (B 21b) s MEE-Mrgt s ondl (B 21c) SR SRER R
VT I R B R s T BT A B T A R R D A i S T R ) AR T R AR Y
AT, RIS E o R SCER A O REEIRAEAE T o DLE IR R (A 7 Al S e
b T A%

(a) (b) (c)
B 21 RAUREE: (a) RIRATARE, (b) R MFRCERELSATRE, F(b) B E-HIR BT HESITIER
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SireE R 16, 2118w, HTEA A GMEMEE, BB RMRAL 1 HESL SO 2540 (1) NI B A0 2
A, HHS2IEFRRAT R —KZ/ER, MTARAL 1 HEZE 524 55 8 1) 58 B A ZE 1% .
Bruneau %5[18]. MacRae %5 [28]. MacRae[29]F1 Wada %5 [30] X 4NAE 2L S 45/ Tt A5 e T
BMAILEE. Kk, BHATHEZSZ 3 M A gy, Bz ES AR (B 21b,¢) . X
R AT DA THHEQEAEAS [A] /5 BE I AE MRS S v A 00, AT AT LA B30 H D 1 SE B vk MR B B 75 IO A
FHIEE . X THI8 M ek A w0 RSP it BEAEBA A BT DL — AN B AR 77 58

SCEE A AERE R SRS B BE vh e SRR . R Hr B T REEAE A AL, Rl
SRBEARXT R IZE R, BB Y] S AR = Ay SR AL B A 0/ g e TR etk 23 A U
BRE T AERERSIONIRS, ATDARMEE AR AR AOSER, WIRER B IIEE AT P-a BN, L
AR 3 Wt AR T VA AL A P 2R A M AT RIS A5, R i S R fR I — 2 ik
PR SCEEIIMRHE AN LTS AR M2 BT iR N TR 1) 5 B8 1 it 28 s [l [m] i A Dy
FRLRAPESA B AR o DI S O R W B R M R AR R, B e AR (R () J AR . AR, X T
HA SR (B 4 x 5 A 65 ZKKMIET, K 22) HISCHEBLEET IR S5 RAEW], S8 b
TEZEHTZARER (BFEAMBERZRN 205 7 BEARKZREAKY. — BRI A
FEH R —MEER R R, ERINIE RIS 7 INBERNRTE TR, SBOXEER KRR, EHEK
NUSHIERR . M5 NSO, WE RO SRIER”, BUE AR T IR R AR AR AL .
B 23 IR T SRR A R SCHE TR S0 e R K S50 B . DR RN SCHE ST A 1B (B . Dy T S TR
MR = ANHAFRIAT 9, LA S R A Lok 5 B oA SR SR AR RO RE o B SE AR 5
THEBAREIER A LG, X S AN i B4 P 1 T o 2 s (o] [l B EAT TR 88, SR 1R A [0 iy 22
K TR e G . dLEE W B RS QR A SR AL RS B o tn] DU
JH 38 M J T A RN ST, L iy 2R D STHE NI, T 580 8 s A D A i 00 432
WA R A A, BIRfs .

B 22. HEE R AR A AR SIENR
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200 200 .
Glulam - 65 mm Rivets Glylam - 65 mm Rivets
150 Weak Connection — ! ! 150 Strong Connection }
Test 10 A Test 10
100 t 100 . .
g™ g™
i 0 v 0
S S 50
100 100
150 <150
200 -200 : : : !
40 -30 -20 -10 0 10 20 30 40 40 30 20 10 0 10 20 30 40
(a ) Displacement [mm)] ( b) Displacement [mm]
200
- Glulam Glulam - 65 mm Rivets
150 + 30 x 152 x 1200 mm 150 Brace Response —1-
SP 201-EX Test 10 4=
100 - + 100 i =
{ h b
— 50 = 50 i
§' é 7 1 ;;—
Q- 0 ==
: 3
50 50 .l‘..- 3
-100 -100 =t I .,'
150 - 1850 A
-200 . . -200
40 30 20 10 0 10 20 0 40 40 30 -20 -10 0 10 20 30 40
(C) Displacement [mm] (d ) Displacement [mm)

B 23. REASEHIPEERAFEIELZ: (a) 5, (b)5BERE (o) EMWMH () =F4LE

SRS B SEA R, BRB ST T, AT LU A S A 2 ME BAR e k3 5%, Bk
W F A RN STAR N I o e AR B A AR A A AT ) 982 577 it A 25030 % ) LA BRB
3 P S G P R AT [32] 0 WA ) A TR Y 2 LAHERA H 2 AT N

FER NI PR e i e (A R o, B R DR S R R SR IR AR 22, filtn, X m] DU 7
AN JE AL IR B2 070, R SR SR 5 B M PR AR Y i _E RSB

3.3 MIZRFIHE L

MEERG I WA KT WIZRFIHE S R AR BA R o PRI, AR50 WIS A AT RS, T 0 HL 45 4y
ITVELHR T I8

3.3.1 M8

R R A A (glulam) A RHBAAIEAI 5, WM¥RERM (VD . SRS
A, FIZEEES (Haunch) S8 BB &AM (P 242) sifghs (P 2ab) i AP H AR AL
SO, AR (B 2400 . TETDARRNIZE S RV MIRTIR R, WIS 2SR T RER O E AR
A TIBTL, B3, A5 I (8 282> AR (B 240 FIZLRE 5 SHlE—
B BEHECE A T KB L 1.
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B o

2 B B> B A 2>
(@) (b) (c)
A 24. =5 NIZRH9RHBI: a) B SHFEERAIRIZE, b) B HEIEIEMBEFAINIZE, c) BRIENIZE

—System line  -seeee- Thrust line

(h)

B 25. REXRBENRIRNAFZLUREHNIDHENTE THHENE (BIRERNTXMYL) @ a®F
THIFBABAIRIZE, b) HHIEEMAAIRNIZR, o BERIR, RNERTHRABESEANROEReMIEL

W2 —fRie T =B EL. KZ BN =AM, e Sk, IERIFSREIL 40 K. REMREEN
FIREMIVTRR A P AR BB S BN SR SR A NITE 5, 5 o V4 M) 16 il 3G A iz fid 72
NP = BCE 2 E sy, B NI . 35Sk nT DU A S5 4 P S AR RN AL
Bo WIPEBSK BT EE R RN T Z, R S . 75— Jr T, SO NI SR Ak 3
I3 LU L) =B WIZR I FR 2> BE N, RIEEE 5y Trigfin. W IEOL T, XA SRR RIS B L s kT
ZEZAIS . RIS, RTRIAISRE th — AN BB R R, AN (Bl T 140, Dl
A ES AT EE R o

3.3.2 HLE

I 2RO A AR A0 A RO DA 08 A TRt i,
S L0 ELAT AR P 5 TR 6 T KBS M, A I 0 15T B A
i, DL BRI H R L

P AN RS R AT RE . TE MBI L MG, B HEEHA A SN2,
DR 0 5 e 4 25 AE KT E A A AN T RET o B LA, LT AR RS T A G I HE 2. T,
BERG LR F R ML IR . X T MR RES L /1 = 0.15, JUVILLANEE 1 LR ARAEH AR
o PRI, SEFEE AT LAE— @R BRI . T Dl Retk 75 B2 g N S RE I g1 4, AT EA
RV T 7 BB TS, W& 26 Fon. EIRXAMEOLT, HERE EAE H SO/ SO A i E —
MLALAH, PR SRRIKT R 7.
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——r————
—— ==

/
B 26, BHR BAEA TRIRS NN, HHERNT

L SR AL T T R A B, A 27 P, JKCP ] U A 7 sRERALE FIREE (i
FAAE) - BN HIE R sl H ) GRS L ) 5 BE I R T 5 BOAR A R D
Chnlel 28 fls) o J8H, Z/KCPHEBORECEIRN A PERE R R, BRI R EAE. N
TRARACEHE D), BERR S NN T S FE ) 0.15. ST IR s HIE, XA T4 30°11 3¢
FEML . I8, ARBEPERELLHTEE Y 0.14 < f/1<0.30.

WLl sl et

*";:f":-—_—_::::
. \ H

T'l-".r Tv,

B 27 EMET EEENETREM

B 28. X ER WBE WA T EAH (bR N EE

WRIEAF oA, BEEERID N =FhRA. =B, RO R, WKl 29 fis. Bk
TR E L, DA AN R B 774 AR L BERUROIN I B A2 S5 A ) R AR 2K
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i (d%r",’—---“‘.xﬁ

B 29. =M AVAGHER AL (a) =8 (b) AR (o) TRt

i3 IS H 5 PSR R S LA T a0 (Rt . MR B B ) ik, BRI L 45
PR R, JEE S RTIA 70 K. PHEBUIELD W JCBBE H I TR E KIS, XL
PRESHGIE H 75 2 0) N = ARy BUE 2 By BEAT G Aia f, RS AR DR EAINITEESAE k. 1
REPHRE R, FUERIPEEEIFAE I, HBARBAE . K30 R 7 — Ml H 3 Nl
MEERE.

B

E30. EATXESHEERNKEARE LIS R EZ(EE: Rubner Holzbau, A F)

FERZHCEDLS , PIBORTC B EE M T BT M 28 e Pl BP0 %5 W S8 32 oh PR B 1R B
W — ML THRE SR, 35— T Rk BB Bl )3 LLs% 2 18] B BE B 7= A — A 03,
LAAIRIH B0 i 2 AL RO 25 R 18T 31 JROR 1 F BT BT SR BE R BT P JRE N B M R . 1] 32
JEoR T IR AR SR IL SRR AR B 0, AR T 100 REGPIELTMTZEAN 14 KR S5 R 2L
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(b)

B 31. (I TME B E N ABTR, RARMBRMIRBEEE 70 K), (b) LT MEDRHZMAETE,
RTEHIARH (B K 32 K)

& 32. INEARFIA R THEEBE: (a) MREHIREUEEE 100 X); (b) RIZRHTZRHLES E 14 XK);
() Bt BELRT

FRA — L3 HUMYE, WK VS Eurocode 1-3 [331AINEE KARUE CSA $6:19 [34], Wit 2% FEE
(drifted) FHEM DA, WAL LN =Moo mm . XK E4SE# b
PRI EER, THEEREENEN T . ARB BG5S b R4 ABENLE AT I HE R &
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IR, T ELWEA A FRET S DL T AR AR 25 B B 28 2R 4R s B RO BT 2 152
ROAZ U AR AL, I S B, il 33 s

5

Load on ¥ span(left)

Load on “ span(right)

Load on % span(left) Load on % span(right)

Envelope of moments

B 33. = RHMNEER: FRUBRINOANHREET D6 (L); FEESHEEE%(T)

TRAEAE R RS AR M SE I B a2 2 (8] 34a) FTe i Htse e, Jmid ik A 58 KN /)
(s K n] DL 2 ek D el KRS A M SRR g o B 34 b S 1 AT AT 2R 07 S AE SR 0 2
o BRI IR AL

//-\‘.
1/(

e H——
R i

N
N

A \ NS

J B o — 7
<28
M&” Gt

(a) T )
H 34 = QESRANREEAGER. () BEABENEREENE; (b) 85 TR EHLH

i 2 MAE AR T 2R TE 34 b g5, SR, IXEER H RN I R AR B Lk .
BRI RS2 RE PR L T i s RN B, (R R SR S SO SR T A 3 i A
PR R 751 S 1 77 P AN AR A A — AR sk f o GEE 2 S380. B 35 R T 75 A e
(Nassjo) B =BMr4LHE, B HE NZM 75 KIS .
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A 35. 7E RSN ET B (NEssjo) & A 9 = S 32 (& $244E: Soren Hakanlind)

3.3.3 #f %%t

HWE, EFEERRRE T HARA RN R = SR, O T PRI IR AT ST, A7 4E
TR TREEEEL. RSS20 18 36 Feft 7 =Mt SR KR 8t

|
|
| ! |
: 2 | 1 2 | i 2 |
1=30-100 m ; h=I/50-1/30 ; /2010 [=30-100 m : h=I/50-I/30 : f2I7  I=50-120 m : h=I/40-I/20 : /2I/8
(a) (b) (c)
B 36. —FHt KB MWD RIT: () BERHE, (b) Z8#,; (o) #13E# (Z%. WEALKR)
SRR GPH A STKCE R e . T AEER R, DR S A AT AN S SRR AN ) SI TR

B ANERE AN AT UL AR (R B2 M0 . BEAh, B S8 AL B 8%, IXTRIAL 1 kA 2
o fETIRAFAARZIEOLT, SORALIIKT A 7 AT BUER AR AT RS

P 0 25 BRSO (RS BT, T LS04 LB 36)
3.3.4 T2 B EANEE R

HH, PEBONETAN, TR 250 R8I T P AT I A i i A [, X LR 2R A A
ENEE,

3.3.4.1 F@ESNEH

PR — AP A 5, D2t e s (il 37a Bos) , R TEE Tk AR . A
PRt T AT Bl s e i, — R = Fh 7V k7 I IR FRE DL R AR . B —Fh, AR AR A AL T L [
FEIEFE . SR, X AT REXMELASEEN, I H TS — AN IR SRR BT (b0, JCHGEXT TR B g ok
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Yo BT, [ E LR T B A AR AT B R ORARE BE A K . B =, B LIRS
RENTPAARABISIE S . BEI, SUBSHIRC R ImI UK ASCHE, Biibg5i s (ni 37b o) .

(b)

B 37. MR TIRTHEEFI (a) HEMNEMEGEE), (b) FERREMR X EENHEN
e

SR AN S R AE R U5 18] 32 AT AR N o5 — A B Rl R R e e ke (R, P Akt .
HI T AKI P 3 LEBAREG, B LURAN AT Be 2 A4, Uk 38 Fom .

B 38. #ta9#EE (P E SN IE

A TR A [ W E AT L B AR R T A e o S XU, ik A 4 N AT 14 58 R B b SCHE &
GUSATZ IR HEEES . R RAS B, Glanfs Tz (R R R AR, mT DLysb B B e i i )
Jalsro ARG SCHEA T EEEIRN, BUSEER W IR AR %8 S T X T
Lo P AN E  OESAG B T IRSRA T RAE Bt R Y, SCERZ MR (& 38 iR
B a) AR Ui o S BT R A SR, 8 A S IR 2 R i
Jort b XSz, RIS 52 A7 2SR R X R A R S A7 R A, BB A S8 s LA
Bilbge z i) o R, Rl TArani gt (RIBIIARE S5 HRT 6 BIHh) |, il H R
PRRAREAT SO K39 /4L T MR o THATISHE T
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Tension rod
with turn-buckle

B 39. —EE IS ARHUAE 1B (B $23E: Rubner Holzbau): #EEY RIS (Z) I & T E(FH)

3.3.42 YHERAEH
KPP W e, BRIESETIABOA TN KPR 25, 5 WJC 1 32 XAk Bt a5 # a2 R A A
XK o BETAR S I AR I N AKCPAZ RS, RO RS i, I lE] 4017

B 40. MM =R AL BT E A JE dh AR [35]

X PTEN = 8, FRP B R DURR IR T BN e = 1.25s, JLAf s R — ik (K50 K
JEo JEE, X gy MR A K EEEON R (BRSO A a5 R KO ST RAE
SE AT J3 P PRI S5 A

BT A J P8 0,30 7 599 8 e o i 497 00 2 4 20970 25 8 i 237 T DA
B GRS ME) — RIS AT . 1 TM ] R B o S TR VAT 48, S8 T
KA RGO THT . N T 218 W0 T P 5 5 A O R A s K 7, i 6 B
TR L B T, 32 PR 73 7 e TS o A 0 K L R Bt CRSPAT T AT
Y7 RO 3 B 5 B R B2 .2 LE B TR
HEAR 2 o 20 W7 5 I B N, T DA 25 44 1 B 7
E-1

N, =1"—, [1]
b, B4 R HIB LT P2 HRE; Lo A8 AL CHUBSSSD BHR (CAEA L
T 2 TV RO o 318 1 Kl 2 45 6 5 P 0 B ) 7T 45
LT AT R
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(1) BATRIES ot RIEBECEMRIHRIERAES, et —ampihm /. 1A
EEA T HUES R 0.20 3] 0.25 2 [4].

(2) BHATERAMEE T ARIREUE B TR S AT R M R i RS A A
Ja i R A CRFAL(ED 5 XL RECS AR, RoREBUEM B AN, 2R TR
SRR, TR T 5 iR BRI E AR, RAAE AR R 1 B R G 7 5
CBIA A ) Bt o IR/ O

(3) THEBARKIE M R H: Kb IR (1) P45 2010 % 7 )3 DL IR Hh R 4. TOR SR AT DAL
NJE AT (N (Rl 7

(4) W EBAE MR JE AR L RAEHEDER (3D BiE B0 dh A, A8 22 a0k i B 1y
5 20 S AR e

B e B, T AT SR R 8 AR R TR 00 T, Al JRSG sl i 25 i (33
ARTEMAEH) , Bt rdi2

o % o)

o kS
Hrb,  om BUHEEAARIE MR, o BRI A RGN 71; fo 225 SR EE; fo RIMSUTE 48
SREE; kTGRSR JE i RS N R R @ TR At A R, 8 SORRHIE R4 5 S
(Nra) S JEMITE. (Ne) Z LU TR SBIHITE, nERINFRHAE Eurocode 5, 25 H T k 5 Are
Z B 14256 % R [15]

AL NE LA AT AT e i fr 85 R IALRS , 1675 e SEBR &5 5 ERAR LT R 0 2 CRIJLART
F) o AT AR R AL 7SRRI N DS, AT EMH k R (B, @5
HEEME N RED o Bk, Wit SR AR REET (RS ) o EXMIEL,
J B XU DA SR oM, FTbUE B R k=1. JE%, JULMRZE (WILRGREED ATEURK A E Hl
1B, B 41 fs,  BOE AT DS R 25 8 g i 0L T P AR AR TR T AR o TS A A 1 B 1) B 2
K2 1/400[15], HHA | AN R 2 E ) (k) FEE, BUE SR N5 R 52 R &
(K 41)

(a) (b)

A a1 (BOMALE 5) [1SPHEFAIHRIGERME: () SMEHAE TR RN MBI, (b) 5E 2
R MEIE AR (BUEHER) AR
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3.4 HIZREH

B 42 BoR 7 =AU OHT R, MR s AN B AN EL (BORIEZ) MR
=M ITHI AR . X =ML RIeR LA E R . X 30 KULERIESEE, AMrAGEH £ —Ma
Drifff Ty % HIZREUHROREE— B0 5 & 12 0K, WL BRI 1.2 & 2.4 K, BUKIEAR
AN, . BE, R LE B, EEREMT A B ER R TR . v 1 SRBLA BT
5, My 2RI Ta] B N BE 2 5 P (VG N T 4

=3mto80m AhT=112 =20mto60m Rl =108 =30mm100m  &i=18
a= w7 c=EmtolZm e=14%0 307 c=Smto 12m c= 5m ta12m
Il-order
m PN A%
o b h —F .l"l Y
v : LINN I,
. e [ v ‘1 f
1 t i .
! (a) J (b) - (e)

& 42. =F R EHI R LB LR T (c F51B4RHI SR E]3E)
IR RS ESR MR B 5 SR AP R, 1 AT RGANERR AL AR R IR Sy Rk,
LU ST SRR e S G AT AT E,  DAEMBHRE AR T2 Z MRS — D EE T, LUR
FESKILIX — H AR — Le 255750«
RERERSE, POV MNER R &5t
8t G 52 52T AR AT L 4
T G AE ST 8 I KR 2
e RUE A5 520 Z 18] 1) e/ N f il e — s VE R N, 38 D 45°410°,
FET) HUR T HE 2 M My S0 W B2 5, R Tl BOMT P T LAz . 9 A I i &
A= B A P Kk 30 0K TRIA 3.5 KR IUMT AL
3.4.1 & H WRIHTARET
NI T R LTS,
3.4.11 FATEHMIAR
AP 30 KA RS A ARG AT e LB BME LS, U, 3R] AT M S AR
JEAT LR BOEF ARHE K, K4t @ ERE e WXE. BTl R N5 W hkr

ke (LE 43) .
| | 12 NNV VV VN
o St

=

(a) - (b) (©)
H 3. ERHENAT: () FX (MARZE) . (b) BRBR (WEEZH) M (0 FeR (MEmxs
FERSH)

Project No. 301016358 40 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — S & AR LEMIEI A 4718 info@fpinnovations.ca

RHIEAT 32 IR AR 32 LA AIC 5 A2 BEAT AN SZ AT 2 18] RS A S R B o, RO BT DA L 7 32 7
RAL AT SRR B 0 A LR AE R IR & 5 R A il o B hr Ry RS D0 A2 7T DAE |
SEAL VB SR, DA EHT SR A O IR T A SRR Z TRV 2, XA 1 MT 2RISR ¥, RO 2RI E
AT T SR AT i 125 A 2 PR B B 1 U AR AR o SPAT SAMT AR R A T, KM T
HE FEAEZ AR g (NS ME0 02— ol

3.4.1.2 Y EMTLE

o (] BRI T M SR A2 =T 48 (K 44a) , EHPRERI R (B iz A ETiRha, HA
—RASZACFHE T BIAT o BT B IEH, IXMRRIR T Je 4 M 28 Bk AR ORI S H, R,
B R AT R I K T AT S AMT Y (] 44 b)) o ARMT AR = T B A i e i
3:12 (14°) , XA LA =0 B At RGOS . B 44 b AT ¢ FoRT 2R 1T
KRBT A HIYEIE A=A SRR, SRR S T s A NS S 3. AR HE,
TR B T A X R R

i,

[a) N (&) () ____:__:..;;:::1;¥-§;:::::;-.::______
o b R Vi e Vi M iy
s .: i3 ._‘ :: ":_,,%-:_‘.;- i .j 1:::,“___?".. | Vil If o LY R] >\ I

B 44. SURHTZREITRBI: (a) WRMN=RMZR, (b) HFEEAFHIDUEMTER, (o BEHR (FE)

3.4.1.3 SaztfrZRAICAIZE

SRR EENR, SiEHTZERDEITEE (B 45) #RSHEFR TR, SR 2ent, 7
YEIE I BAEH T, MR s S A& JUE AT A AN 8, BEAF AN S22 770 TEAXFR 17 3%
ERTT, FEARRASZ PSRN E . K, FEFFRISZAF ) e e A B 2, HRAR ARG M
WA EERE, IR AR SZ ) S s e A A R SR, T SLBriil &% &, %4 E
WK LR BE T A 7 (Bl B . AN SRR AT AE 5 52T 2R R E T 22 0 T 5% .

LN * wYAVAVAY
PLAVATATAVAV NG 2 N\
(a) (b) (c)

453 IHTARRCHHTRAT : (2) AT TIRIS LA (b) HOETRISHAR: (0 SR
3.4.2 st

R, ST TR TRAR U . AN, % 5T 38 KU 7 Rt
oA R N . A3 T = A PR T R

FE) A A AT 1 228 396 L S AT R R IR A o, KIS P2 AT R A1 w3 s R T R b A A
R N TR R RRERE ST, TR 2 PR, XA T A T A AT R AN
XA . & 46 R A2 1992 SFFESR G B /R 3 (¥ SRR UL 5 32 2 U 7K F 25 4 v 1) B 520725 i

Project No. 301016358 41 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — BX & R ZE M8 47155 info@fpinnovations.ca

AT SISO 70 oK, MPRTR SRRSO s 7000 TR, BT IAER R, MR L
A KIRIPHER T 238 VTR OE 2 B L e R .

e
=
4 = .l

L‘V Wt

& 46. (£B) L3z T RS AR (FEMERT AP EAT FERNELN~EE

M 2R AN AE P (1)~ THT P 25 gt X0 P R %o A 1 2y B R /N o IR, 1 A (2 R /)
FIAT LAY, AHRIHE, AT DAE E T AL BT M AR LR P Bz, T AT DA M 22 34T A N i
BHER T W RSEAT R E A 28 @ G 177, 38 5k BETE 2 A 1E 2 R R N T HE T 2R
NI e (1 47)

a7 RO EEEmmENNMEERSHREEZILTEHE

NI, SZATIE R AL 5 R (R AT, i R DU R R A, R — Iz 47 281 1
Hb o FEMT IRV T PN B B (B T B A A T O S R AR BT AR, JEH T
SERLRT S N2 RS T R R AL A7 AR T SR AR R BRI AR . BT, BER
FLARE, H120 et rBCE 1 AU S R AR S TR 60% % 80%, fE NS KNE36]F, I
75%. SERAINIT KAEHER CGEEFIPHI KRR N607:8H (4, 24]) S REMIHT 21 B4R RO A
R R o 25 FEAKA A 2 THI7E RN PR R A RS, AR B PR SEE A 2006 2 AE KR R A2 6053 B I
(U ESUDVESapsR

Project No. 301016358 42 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — S & AR LEMIEI A 4718 info@fpinnovations.ca

3.4.3 FEAMF A E AN ST HE

S REEA M BRI S ot [, B (N RS . AEBOTE T SRS AR A R S A Gl
FEMTERIN _E52) W, R 2% RS- A M- T A0 e it A RS o — IR, M A (14 e ot P ABE
STTT E E, R P AN R IR A ERES s P IS N, R SR R (R R (] 48) .

= e
- ;T-;‘,"Q '/7%; == \\ N
bl T 1 77/ \ I\ X 1 In-plane
/ .' \ \ \ H
[/ ///\. / \. \ \\i buckling
(a) AN \‘/ 4

1 _a out, 1 | |

Out-of-plane
buckling -
type A

() ete==
\.

2]

(c) oo Apur,2 4

A 48. IR EREHKETH: (a) HIRHZEE, (b) RA A RIENFEMABVHITROBIRE, () RABE
XENEMEBHIENFRE

><| | buckiing-
/ B type B

L e

|
Y . /[ Qut-of-plane

/ N\

20 R SAE R EEAS LIS, P AP i R AT RE 2 FUARYE & 48 b AT ¢ BSE K. W2 IXHE, K
SCHEAR A0 55 B R A ) PR T AR TR W] A BE A 3t F0 e A

3.4.4 HIZRHEUEAR N

HARIIMTZRNZ A — MRS RS, B AR DR B W, w8 RN RS R
o SR, XAE SR BUEARS M. G, R RALE, ERE S E R B
W, JEH B TIERAR AR, SR A, HLAh, MR Lok R sl R S, A
FEEAETEOL T S AT A e Bt MERROMT AT ML ALY B PR e s 3 (1 49) .

N KNk

AN

B 49 ETEIHTRIREY : IEAT MR A T MENHEE

Project No. 301016358 43 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — S & AR LEMIEI A 4718 info@fpinnovations.ca

SR, BUA SRR RO S S AT PR WU B IO A SR AR W o (RIS, IR CAnEAr S840 £ Y i
KD FEAXIHT RN JIFIEFE R RN A BB o R, FEX AR FROIR S TR M7 23k 47 7
BriS, AL 2R (] 500 w]3RA3 26 #ERf I 45

Ld ddddd Lbd Ld ddd L

B 50.3R A& SR 3% AT A P i SR ARAT RO HT2RAR B

Kl 50 Ars AR A T RERF 2 Ia) J7. AR, RTREM (UFRIAMED O FZE BRI I AE P
NI S EREAT e e — S . B RE BIX B TS 4E, R TE T A, B 7B RS A R AT f
0] J7 8 IN%) 10% % 15%.

B 517 ) ] AR R0 T A M SRR A AR BRARES , BEAT SRR ARSI & . o Hr ik 5
HIPEE R 2R — A4 € AT BB R M, DA IR AN W RE B A2 o X T A B AR 1 1
TRl ZARBTREON L1 E 1.2, TN A, ZRBTREN 1.00 T S HERGHLAL SEMT
ZRINBREE, AT CALERRAT PRSI -T 32 S A R (Rl SO0 HT 2R A B A 25 il MIEE ST RS RO

kUC

/")
./3// ; V\ E-A E-A* /\-\
/ {
L e ) £ / /23\" S
Kic /

A S1HTERBEAT 7 5 AR FRARZS T A9 T REAR B

ERRNPFE R 2 IGINGEE, 8 TR R ml, ATATPLE AARBRARES T iR (B 500
RIS AT SR FH S5 OB T AR A% (BREE RO IRBED) (LI 5D

A*:(L+ E_,_E J 3]
A a-k,. a-k,

Horbr, A* ZIEF SRR A R EBIN A E R ET IRERE CHT T80 75
[ 5 a RMEAFEAMUPANTT R EE S ke RMEAT S N aX L AIERENF R kue 2 IEFTS
AR AR T RS NI

Project No. 301016358 44 of 74



MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — [R& A LEH1E D415

D

web.fpinnovations.ca
info@fpinnovations.ca

3.5 BN

SIS B A L 0 R A A A, SRR T O T RS RS i (37]. AR
FES BUUFA € R, Wal e RAMREE. AR08 i, fr
FAE AR ERTI S T A L ZHE IR ST,

AR BTG E ANPAREPR ST (W 52) o PRIRE TR ZF8E, &% WA =T,
=M ST JUBRRFE T RS TR S T

(d)

/

N
4@@1"\

o
7

2057
A

)

PZRRRN
1 AAVAV AN\

()

(f)

B 52 ARMEWHER: (a) BIREW, (b) EHEHEM, () ZmMETTH, (d) NLERFT, (e) HRE

T, (f) MEEH

Project No. 301016358

45 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — BX & R ZE M8 47155 info@fpinnovations.ca

3.5.1 IR ETN

Wik s3f s, MRS TS A — AN A = MRS R R G RIS R EHES, Bt 1A
AR b, Tt GEE R M) EARE. #mHES (W) WTH#t
()3 R B S AR AR S o T RUAER, Bt ARG L B m) BB

Compression ring

Arch rib

Diagaonal
hraeing

B 53. REM RS E

FERPRE TR, SUEF B NIMEPTSERS e REh (R4 L. SRR 2 2
J g AHAEANES i AEIE R . XA S TS B A HE . SRR BT 5, B RIER &
JEIA T RE R KA. B 54 BoR TREARMEBERRE —MEFWH. Z4aE - MRS, "5

[

109 K, & 33 K.

| AP

B 54.53 K F 2 & A FE(E A B2 Rubner Holzbau $21): (a) ETRAF (b) i T EE

Project No. 301016358 46 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — iR& K £5 1918 S 17157 info@fpinnovations.ca

W, PR S TR S8 2 (B 4 e AR 2 8 7)o 0 SRAS SR AN HE 2 8] (1032 432t R AR 2 flt ) 7,
MU R S5, HE2ANREMEABRAT. W EaS R —BMPR ST, BT
AP AR Z IR S5, g o, K 55 BoR T — N EANUANEFRPMRET, Bk
RPN EEAE &, BN Hiv Hav Hs F Hao

ompression ring

Archrib

B 55. L& AR AT AR BT

3.5.2 PR ETR

wn Eprig, PR ST H WA A i H a8, =mMa. I, AR MpIR% .

o JETEHEZI (K 52[b]) & HIAEE TR LW, Ml T B, JR AU RT3
TR . EIEEA ERVPRE TRIEEAL, RN 70 k.

o Z[AMKEETN (& 52[c)) i BBk ESFL =M Fmd k. Higntrkm, RIEE
AERS BRI, XA BEAR G > Oy, R AR U S TR 2275 .

o JUBHFET (& 52[d]D H G.R. FlEAFRL . SRS TGS ES S TG, HAF%
TR RIS Bl LR, 8 R—AE RN AN\, 55
e, BRI A PR R Gk s 7 LRI .

o FRET (K 52[e)) A M THE A ZPRAX AR ALK, F o BT BRI
g 5 a0 s VIR . XK= AR K 52(e) Ptk . 7E7KTI B s st
SER T R R

o MPRET (K& 52D 2l HIRE-E 8L B, b= A, i 12
AR 20 ANHIF 30 5534, Uil 56(a) s BN AT LA 73 N SE /NI T, R )5 PR X
SE/NY R ARERIE, B T Ak . G5 R E 56 (b) B & BT A I ERIE B S .

(a) ll (b)

& 56. PURTTRAYEAK: (a) E=+THE; (b) EEIAIEFIRK

Project No. 301016358 47 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — BX & R ZE M8 47155 info@fpinnovations.ca

R, AR R AR ] 0 A E AR AN K S T Fe 8 T A o 3¢ HE A AT X 8 R A A 2l
REPCRE T WERFTAMFR RS, —BORUL, RSN S2 2], E kb AR SR AL )
STER. & 57 Son & 2015 G748 E A o4 e i i o RR = T 1 —A4>. &
METREALN 143 K, SN 46 K. XL S THAE @i i 12 H o 7 78 [ PR 5 TR 75 2275 ol
RRIE N TP, IXORKFRAR T H A

Lhainoirg

() ot
B 57. = & Fil 75 7k 38 76 B9 I F MR = 17 (F2 Rubner Holzbau 124): (a) ANPRE R, (b) EZER MRS TR
g, MR () TRAT

TR RGN, JCHZE S TS M Pl 2 o0 B AOME A . AW A A i DL A 3 AR 4 Bl A 5
EREE BN TR M. B, EEFLAURAAIR R IERN L, AR RR . AT
fAtLlE 57b FrR S THAESIERE, UM TRIRIER 3. X8k (& 57 o HAAR R {ii
RHE BURET H i, Bk F T B I R b = 5 TR (R ol B 7 A (R S AR R8T

3.5.3 BRI R LA =

ARG TR LU AR S T, BRI LR RLIRE T, AR, A& S5, (HE i RCR IR,
FERPIR AR GE T, RIS TR 22 G PR R S5 R o

AT, KREIBEZE R, PRSI =FAE L a) FrFE i b) %5
sUE R o) BAAE . EARE TN, WA R, A A i — A s . i
R E AR S OB, 1Y s AT R AR MBI AT 3. AN, 5 A 2 18] 7 ZBOR
EE, DIRAE ISR P (3 A SN T R R IR s 20, AT AR 1 4% e ot £ RSz o R
B o R A X T ) e AL o PRER S TR e i A A BRI D 52 LT R B 52
AR K. B, dn RAJIRERIE L0 D/300 (Hih D NETHEAR) , 5 R i 2t m ih o vt 5

Project No. 301016358 48 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — S & AR LEMIEI A 4718 info@fpinnovations.ca

(IR IR I AT B L, ST B BT BE = PR MR A 40%. £ 704 b =5 B BRI 11 I 1 3 P 5 v 2
FINFFIEES AR . XA R Je o — BB LS AL & . — ok, S AL E R
RAR BT s GRBE PTRE RS J LA SEA RS R VEAL 5, th T RE 2 B IR AR A

IIMTIE LR IR, o WA 2 BB A RPN T ) S TR B B I (8] A HERZ T e 4. X2
BT ST BEAX AR . AR S IO SN, WA 52 7 5 KA 0 b v 280 J A o T
Dol 55 THL TS AR 358 73 3 R P 0 R 77 A B J R 0 R o I ST AR S8 17 28 T B i 52
M, i P 2B Ay I e A PR B T i o ANE, 052 S 50 it Y 288 Ay /) 368 5 AN L A e s 2 5
3/ B o i AR Rt B A4 ) A'F T B b1 B B (0 55 T A 370 e

AR 25 T AR S B U OB K, B RS FE R
3.6 mREM

3.6.1 —AR[A)AANARRTT

EMBR AT, EERE RGURE HAE CHRLRAFE) SUH, FLEA 2 i R 1
(38). WCAREEHGN LT, BATETEAER MR F LI, I E0E HR BB AR R B
CEIFFIRIG “EATBREH” )

TEAR A S £ WA, Rt BTSRRI S T30 T
FERCHEIL T, RTURA 28 KIETG . W 58 () B, MREIRIGTRERE (6
o R OO S0 D 7 A T KR ) RO 02 B B 0 — AW CE O, R A 1 R
TS RIOT ARG TR, SURATRRE RN, . 1 58 () B T — e Bt
SRETRLE R 775, ITTRIE TR ATRR A BRI A RE MR, BERONETZ AN, a)
SR TR B s b) Heb ELAT A 25 RS AR RO CDFTBIRE /D (39, 400 o) (I XUF
/145 SR LA SR s 3R o) BT UL ) T EL 440K 40 5 R R B R K.

N
LI S v

ES8.RREMSAM: (£) BEEEM (&) TRAMBRATE

DAIRME AR EM B SR ARG —BOEME (b) R, W& 58 CA) Frx. XFMEHAEH #2501
GG XN R GUE PN, HATHRFIE SR ARL, (225 NI AN 2, XL
ARG E 2 LT . BIEEA N L8840, Kl B2 mBEa R ER, JtHl2

Project No. 301016358 49 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — S & AR LEMIEI A 4718 info@fpinnovations.ca

MR EGERE 2 IR/ (/T 0.15) [41]. XS0 AR R S sk (UK Afa g8 ei i)
N HEER R T80 %R, FEEN R SR Z . A, N N E T DL SR
ISYSEERF
o /D IAESTRRE Sk N IBEE s
o [RIRTA BN IR E IR B
o /b EATRIEUE LT AT, IR P A AR T . AEIRFRE R, N R AR E
WP, FEIE RGO AL . AL, BATLHE BN S KA i RS, JCH
FETE AN 7K AT 3T
] 59 SRR IS R IR 2 4t ok Figshdty, HRAEE 58 RN (b), %K Figsh
O R GBAE AR —50, wI YR Ay o K R R T 25 46 25 il X AT IS R0 R, WA it
9 130 x 266 mm, [H]FEZ)A4 800 mm. JETHHH /N KES RGN (L1=45m M L2=55m) .
W HEE 2 28 0.11,

Curved glulam 40 mm plywood
elements 130x266 in 2 layers.__
b v}

CHH,_EE

& 59. MEXKREANSHAK LEFFuis: () KITRE; (b) #E; () ETEEEE

Kl 58 H) R (a) LA DAN FH BIARE REE K b EXFENLT, 48 A2 2 i ) R A i A
o, EEAR) o SR REEE G, VI EEAES R A ENRERELE, FEAEREE
HINWRME (RE#EE) . XFERKGHINTIRIB LN, B o g iRk &
ZAtE . T FRARAN K B s 0 I KR AU, 2 7 IR e A (1) K R e T
HE B0 Z T 7k A BB R G = A TK 77, 7B 9820 32 B b A0 R A 30 B 58
Kl 60 SR 2 BRI EE = N AR I T B TR MY . R TR 56 1800 =K. JBJEA 390 = KM IE
TG REL . HEEA NI 20 K8 1.7 K, Kk TEE SBERLLA N 0.12. BT

Project No. 301016358 50 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — BX & R ZE M8 47155 info@fpinnovations.ca

TR BB AR — 2. O 78R T NI EE FHRIH KR B i Tt /0, ARFE I 58 A (1 2
(a), TERETH LA 7 —E A

H 60. 83 F EZ MBI TR (H Wilfried Dechau $2{#)

3.6.2 MM B REM N FIT AR EESE

3.6.2.1 FEFEL

N A FE RS E 2 1) ) L R R SR RS2 AT N B . BEE % LLAE RN, KP4
Ko XEURE N SRR E K, AR HEE . Mk, FEELBAK, AP,
HH AR AT B RRTT . ST MNT R, T LI 2 5 IR sh R A
Mo T AT KRR, 5K 13 25 Lb ] 58 2375 R BRI AT 18 FIBAR IR SR . )2 55 45 44 18
W ANAFAE X RS A M ), DR T AR S A R N TR . SR I B G iR 545 R b AT s LR
SEOTRRRIE b, DRI, 3k K IR B L T e B M A AR AR AR . X AT RE S K AE R IR
FERIRG AR . A, KM N EEESR SN A S E. S TRESEWN S, AR
N 3 BT 5 LGB AE 0.10 31 0.12 2 18], WXt AAT KRR S, TR — 2%, R A4TIE
MO R Ik, R R & AT REXE LLEAT . R EERME, SRUIARMAALEL, B &2 h i
N AR AT R TS LLE BN, —RAE 0.015 KA. AR, TEESLLEUN, SERd Rt
K o ARMAEE Gy A& AT RIH 7, Fenl 2 i AN v 8 e A7 7E 4%, I R KRR T 4544 1
I

3.6.2.2 TEhNIE

U2 3.6.2.0 FRTIR, 75 A FEE P48 T 2 B ALK A8 5 A AN o AR Ay T X 5 S PR AN R 128 (1 U
Peo BREEAESIERGR T BREM MR .. H25 i NIEIRIRN , SHEMKNTRE LTS EE 2R
BRDYEAF . BRI REB RGNS dh NI S5, HFERAB SRS, A, X4
NI ARG 8, Bt RER F RE = A A B EE HL B AR AN 2o R OB AR

Project No. 301016358 51 0of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — S & AR LEMIEI A 4718 info@fpinnovations.ca

3.6.3 BRGEMBENTEXEHH

ARBREMTERIEE RN, XEQETTRERINNTRIFERLTER, ©TNERRSE
—ETHMNENEMG. BICTXAMELATELED . =/ (FEMNER) DR EELS HE
LRERNER, BAENTEENN, REXA=M (FEMRETR) 2if.

4 KEMFHIRE
4.1 AH R F-Ri A R

A 3% 1) S VR AL R FL AT AR S M AN = 2 ISR 45 2R (B 61D o RMF NI BT 98 2 i = 2
SUEJT AT A HhA (LD L f2E (R FIYIE (T o ARM ISR ) -RAE 5 R
B TR T SO A B 7 AN SRR (R, RAEsBIYD o Wil 62 Frow, X sz e
DISHERIEOARRE s B 7J-RiAR 5 F Il W R VB SR MESC &, BRSO HERGE s X 52 R4 AE T 0
ARHE, BEDJ-RiAR IR FIEH e ARLRIE R, AR O I S R

Tangentiol

Luomgitudizal
L |

B 6l AMM=HNH P BMEXHETE

Normal Stress | Shear Stress |
Troiwt
\
Y ;
\ Tero 0T 0710 |-
\ Trat
- 3 v
Trox @ OToTL \ !
Epo OF €7 Lo \.étmin .. Strain
o Loy L

(L = Np)ogoi 0 (1 = Ny )@y

/._';‘____,,/ d0sas: OF Crar: Flastic phase
5 ; ek mm===a= - Slrain soltening
f/ /7 (1= Vi) ——————S5train hardening
| o’ OLoc ————~Dlastic flow
3 NG 0 Nplppe 000 T TTT— Sevond hardening

B 62. AMEIRBFN-HETH

Project No. 301016358 52 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — S & AR LEMIEI A 4718 info@fpinnovations.ca

TE: 01072 i-77 18] AT 52 E [MPa); 0y, r Moo ¢ A2 -7 ) O HTRL O AT 58 E [MPa); oy, /2 i+ T LI ET )
58 S [MPa]; N Al 52 Bl 22 41146 A1 AR e I T R 258 0 2 PAT AR BUT AL AR AT AR TR B AE,; e Mlemo A2 T
BSOS 17 S A5 HI46 — IR BE A N4

ik 62 o, T AMA S BA K FFIERR R, AT RE I TS0y A e . i
IR AR B R S 0 A OB Ak B I8 BT R R S AR R AR A IR, ANIE & R 730
TUAKE (772247 AR e — 8B TN FUNARBIMRIT K T & T E A, 4 Wood®[3]41
Wood*[17]. ¥, MRHERh AT HR s rE R . R BEHEN . MERETE IR e fE Bt . 28
Ve BN i AR A A A AR AR 3 B TR SUR SER TR A . AN, RS R B 28R
B TESAMELR, ATECRAANE R B R F R A o Bildn, R BNy, ey
P 2H RSP AS SR G A2 DA 8 AR KPR O BR B AN J 2304 SR, 75 BORERE ) AR A
PIFE T A I, 5 EEAE AR vh N S B2 HE U o B R0 I SR AT N B, T 5 AR i
B b 5 R U il BEALAT R (Eaxit) o I RREE MR B TR RE Bt IR B ¥, R
P — R HE PR B A MILRAEUR A, A2 R 75 18 58 7 AR AR AT BB AT

Bt e = BOK R R E R IR O S SRAT M IR — b el AT 2 %, S5 AR R A 2 th AT BOR IR 0%
MR BT T — BT R R A TV . etk N AT R A AT TR BT B, H
B 2. BTt AR BCARA SUE I I B, BUE AL B R . AEIRXFMEOL S, A A&
T (I A A AR 1) 368 AT BR TG 3P S RAb  r FA TE o e (1 A A A 2R T LATIEINN785 E F) 2R e
o BIER TR RIS AR AR, TSR AL S AT SR M A 45 ROR SRR it . T Bl A
B, AT AR AR (R 9 5 L A g PR AN R RE 1R AUREAT W TEANPP A o (ELATS 5 ) P R B 24 A
RS

4.2 REEH 71-B AR

B 6387 1 AEARM A B IR BRAT (1 SR B0 . R (0 BURIE B4 (1) ARZk
PEAT J9: (2) TSI AR B (3) AR MR sis (4) WIRE BB A R AR BUR 88 i B4 (5)
RO BB ORI Aa s [El A R K BRI RERARRL:  (6) 20— DNINBAEM S, 5 30 h [ U A X 42 78
(BRIHRD 5 (7) EERINBAGIANS, MR T 50T (8) BN T HISEEZ T FE: (i)
M B R A SEVE AR SRR R A AR S H A R s T

1.5

Load [kN)

-1.5
Slig [mm)

B 63. $TF MR- T D dh k(42

Project No. 301016358 53 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — iR& K £5 1918 S 17157 info@fpinnovations.ca

4.2.1 BZRE%

AR MER S HT (pushover) H, &5 A4 B AK 52 T ) fif 23RN 50 18 32 386 P () 1 i 2R L RIAE . B3
IR BB [ e KARTERE o IR0 B — i 28 2R B R AR TE B (W Bt FB AT N, DA
RARBREAALAL . R, BHATEEA TIIHTAREENEZEMEHES . 5 4b, ASCE 41 [43]F1
Koliou %5 N\ [44151 X i UK 45 # BY J1B5 e HH 3 B 2645578 (P e4) AT T ARMIER:, RABT
BEAET ERZ B 28 il 2R AR . 38 ] ASCE 41 B 28 R (18] 64 (a)) %FE 1 5T iR FIAR Ao,
TR HE SR RN B X I3k AT 2 o Koliou 25 A O/ 48% 1 SR il 2R B ARl i oK ) U -AR TR R S
45 CUREE-Caltech AHEZEIN H 48 F i J5 B I S H 0SB R R . B 64 (b) mEMEHD
EoR TR IR BT B 0 L B 2R TR o B e 12 2R TR 1 S 5005 i (Rl R ) — S SRR W)
Fro BIMASIER — AN EE AR, EXARGE B 85 15 R ok AL R E AR PR AL 1 —
AT (Auman) e AT BEGTF SIS 8, 2 OK B 22 i 2R A5 7R 5 KA R X6 I 1) fif 8 R B SO —
IR/ANEIIERT 2R, i KA 301 1%.

+c x F*ﬂ"."ﬂix 'E"n_-'nax 15'L
a s
i
| S
gf qF
ik, s 3
! rik,

(b)
B 64. (a) ASCE 41 fRARIIE A /- TR X RIRE[43], IR (b) Koliou FF AR H HY B2 ih £ B4R L4 B [44]

4.2.2 Vi [o] g 2%

ARENEBN T i R AR AR SRR M R, 75 B A AR 5 R I B AN G B IR i B RE B AR AL Rk
BHIEAN B 2L, DA K R (R e RN AR I o i [ ey 28 A 7 e SR ASADL 7 M ) L LA R o 3
FILHEER, BNV XRIAEZ MR BN M K T B AR 5 2R . — ok,
KRR AT ) = KR (B 65) « T A, R RANCE (BLRY) BAL

Project No. 301016358 54 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — iR& K £5 1918 S 17157 info@fpinnovations.ca

—
[ Head-nze
| ol |

(a) (b) ()
B 65. B E MR IREGI 7 (a) BT HFARE [45], (b) ZHARA [46]F0 (c) B (PR ) KA [47]

FET 7725 B AR B FH AR 1Y) 5 R SR G SRR R [ A AR o i, T8 65 (a) s 4T i
$2, Chui 55 A\ [451F1 Foschi [48]H4 4T FA AR 5 1tk ZR A 2 1 Bt o 30K o 7Y A st T R 1 42 1)
S LR R B FE A TR B A AR R R I o BT AT B 1 [ A SR AL T A M s RS B XA s
AT TARI R N R I RS, a0, SR A E AR )5, AN A2 A8 A B DA T
PRV U RHES S EB AT B @ NAT AN 3 (B 1 hifs) , JrpEE L4
(P BT 7 AR R P (el i 2, AT R Y 5 i i e o o T 7 A A Y B AR AN G LAt A 70 38
FERREA T HR# e S5, (HEFERZNITE, FAEEGAN DB g — AR
P i) A

SR RIEA, WHCONSEE R, HH TN TRES . eAnd e e — R0 N EOE #% 2
KR A FEVE R o X LR 98 e — AR PR 25 e sk (EAr B fe) Bl okt T 3R BP) i 82 B
A AR N AT BRI S . FE A2 IR NEE B 8 EH T IORERE Y T2%
i AR, 0 Kivell #8Y. Stewart #5%. Ceccotti #5%. & 1E Stewart RS, MSTEW AR Y
Rinaldin #ZYF1 Pinchingd 184 (18] 65[b]) » XJ T Holllio s b R A 7R TR K AR T, 1450
MR IRER TR N IEAT AN B aE ZE 2R . 2005 RN A 2 1 i I A P4 T R i & RS 2
EHARM T H I e BAR AR TS, . JIRINIEE, (HAR S0 2R Be
AW R RIEFEIEN) TR AE. XEWE K208 R e T O AAE A BT N R 2
L. BEAl, IEARERE LA S EEE 15 A8 IR R0 At b i v [ h 25 .

HOeA R ARV I AR . — RO, B R AN B Gl I X B SR VEH 0 A R S P
1709, TR R GE 0 — e BB i 5 MR A R A A S . R LHR, AT
7 AR AR . b, RO IR M R, BT Bouc $2HH, BEJE B Wen
A ADBE TN AN CAHET o IZA ARy Bouc-Wen #5232 Al F AR TRERN ) 2% T RE i)
PEAIBE G [RAT A HIBCA R o AR — A 1R E SEUN — I R o 7 B R R T AN
AR AR WL ERFEFERSE, B R n] DU B A R AR f0 [B 38, 25 18 5m 2R
e WIREIRAE, L ARFE S5 M R e 1k

Foliente[47]1814 T Bouc-Wen-Baber-Noori (BWBN) 7, DU IR A &8 RIAT NI — M iE.
65(c) o~ TEMUS ) BWBN SR ER, RI—PHREHERGWREHE—LEa i, %29

Project No. 301016358 55 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — S & AR LEMIEI A 4718 info@fpinnovations.ca

H—/M i SRR R RS . — AR AN — AR B A8 IR Al . B R A 4 1)
IR T RIFIINEAEEL, (B A BT /AR A B S B R 2 ol Z5ORRA I k.
R (BN Ag-MrAg dhd) EATICE . BRI TS AR, (EEGES S R T RE 2 RE K
ISR AR AT - 78 AN RESR AL R W B, IR s R4, AT BE T IERAR L 4% ) 2

5 AR ED T

5.1 —{HLE

TEIEH AT TR RARTE AT H I S5HSRAE . MPRMERERI 32 J0 05 R S IR B AT I Y, 24 45 1Y
FRLPMRE BN, NoRAARLAE AT IR AT 2K b Forb, APRH AR MR R AR BT $
CIRERURER T VRS AR CIE| B2 8- ZU0kE: G il Iy AR ey (AR it Ve SYIRCE| 32 il AT

FRZ Ak b Al T TR B IR R By MR AR A AR SR B T R B R R AR A
FRE M BGUR I Mo P IISE R RIEEAT B R A R AR Z T -

o TR R L RT A HU 4

o SRABUEER LT IER A
RIS ELIAT B AR R AR S

o FUATEFERHUNI S,

o EAT VAL 454
o (AETRIEPURTERESCHA T RILH

I AR ARZE B, EIAE R S H A

FEMRSF SN VERY , B ES A% J 3% L IR AR (0 15 2R A 5

WrESE R L ER R RE S, RIF AT RE ) RAFERERE T 5

6 G PR S5 R BORBRA PR, U G5 A S0 B 1 B ) A R E ) BT R RE 5
NGBS I8 (Z1E) it iR e ik

B 2 SE R T R RE R SR S50, DRI Wt e i 45 R L8045 e 0 SR A AL R

5.2 SMfT777E

AR ARLAE DM, WRIE S s 5, R AR i Uik AREMEsh it ik, 4
B, AT PR AN R AR Z A 2 BT R AT T SRR

AR AR 10, NAT S SIRE -

o FITESEH RS TS 0 23 Jol I R i 2K AT AR A 0 3 A
o KFIIRIHERAER EHER A BTOALE,  ATANE SR AR SR i O (0 5 10

Project No. 301016358 56 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — iR& K £5 1918 S 17157 info@fpinnovations.ca

o KT I A Koy LR A B 2N AR 2 R v E M SEEBR 32 0k R, ELARR S5 0 4%
PR N E AP e 007 AT 3, TSR AT OR KR AR BRI AR

o SERINIEEAS TR 1A AR IAS D B RR KT 33 R o AR

o CRIIBEJIERS, HuRERE R NARYE BT [ R R AE G ML E R R R B 215 5, BiA
EEFI M R 22 A VRV Bt R A S RS 2

AL MARPER AT, W FIUPRIET: (1 RULLHIRIE A (2) M7
SN, B LRI 11— T GRS e R M S HOPH IR R IR R:  (3) SRATRE A,
RS 25 7 A E TSR SE AN T 5O RERIRE:  Ca) FIITARSUL 1 T %
A I R R L B

EREHIRARLRNES) J1 0, NAT S R BIRLE -

o RHHELR BN J1 o W B AR SRR 7V, N AR E BRI TR 20 (e s, RIAEZRPEIEAR
(1N b 7 I8 B~ i 5

o CRAARLANES oA B RAR IR, AR AE KRR T O ik R e D K

o CYRHRIEINERS, PR AIEE RS N ARG M T BRS Ak, — RRN AR A
AP T5 AT 3 B R 2 A s ;

o [HJEHZEVER RAIAIBLE . IRBLFHBE 7%, MR ERIHERT, ASNEAT A A 2 5
o REEMIMAELNMES) 10T, IR K N BRI /D s R JE R M T B3 S 5T,
SERIPHJELERTEL 0.02; 3EFuhE K N FE Bk 2 HATE IR M Ir i v E S 51T B,

gE A BH Je AN B KT 0.05;

o IRGEEMHE LLATRYE L I 4 R e, AEAT 002, HAEKT 005, NMEREIHER
B R W B DL SR AR AR A o T A v S T A DR R

o BRI BUEDS A LA AN [R5 HhFE AR FH R I 25 A0 (8035 5 BN R o A, IRt — 20
SR AR AU

R AL E AT, B DU T Al R 5 BuUR BPRE AR IR . 20 2 UL TR 26, DL
T At R e A BRI IR :

FRAMEZ S5 FEREA/INT 60m R IE FE S5 AL BB 1) 175 B AN/ T 100m 1% (8] 25 4405
FES IS FEAN/INT 30m (1 KIS LA ACTR 15 45 R AT T 3 AR 4544

SRIL L AFAE TN AT (KA 3R S5 5

it A A AE RGP SE IR 2232 (R 45

PORMRFAE B it T3 REX S5 46 A 34T 52 RO ) 504 o

FEFAEIARLAE D W B2 R LR LR RS20, 10 R A DU RE LA A2k PR 2 i«

o ZJRETMEMRIEMT, SSHEERE ISR TAGHUE SR 10%, S5 EE T~
9 280 I T s 0 17 57 A% S KT 10% 5

o FARMTELLKIER KT EERL 1/50 [IXUZ 2 8] MRS 25445

o FENT 24m MERRLM . BEEKT 12m FIF A M BOEAL . SR T sm &
P&t

o MFETIN TR, BT

Project No. 301016358 57 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — iR& K £5 1918 S 17157 info@fpinnovations.ca

o BB JUITARLAEXS SRR 1 (KT A F3 52 id 10% (1 H A 4544 -
Z R MR ES ARG MR F AR L A, BT & R AIRE -

o WM. SE. BT UA MR ARG, SRS S B 1 DURURG S BRI 5y
B, BRI R AN AR R AT AR LAk 4T

o NEHHRAAM. HEEMKIAMERERIR LA R AR (4.0 , WEIEE (42) H
AR A6 E 5

o ARZRIES TR RAR A S5 1 (K AR R R

o2 AV BEARA R LA b, TH SRR R A N R ik i L B MR T ES LR
MFERIEZ LR T 2 ARG 2k S b i VS O UE I, 12230 = HEAR AT A Dy b B4 ik ]
HAL, FABTE DU TH SRR R AL M A N S I R R S A% B SE PRI B, AR
Mo R RIEE R € BHE R, SR D) RS H,, nIASRE RE R . ZEEM . &k
R AR M, RERFHELE R b5« BERE PSR 7> A BE AR

EIEE R AR LA A B BEARARE Y, 2R ) Ry 1 08 5 K M PS8 o R AN W] 2 I, B R ) 5 4
FE S o BT AR TR L R S A A6 1) 25 R R P 1) 52 RS < T RE R A 3 B A AR 5 % SR AR 5 A PR 15
o

EREHAIRIARLRE M, B2 R IR PN B & S ARE MR PR T 15«

o EIMTEMUMG. HL B A AT A 4 s

o ARGEHIRIPFI B E S BT A AT B, RIS N TR T AR T A5 AR S R L R A
IAE RS A L SR B FEL 9 i TR, DA R e s AR U o 45 5

o ARGRIRI LIRS ARG R 32 ) SN EORIS BB R T ARG B ORI S5 A4 A 1 A I JE
JFREABLEAER], I N6E 2 a5 et

TR AL AT AR T, BRI SRR 70 52 )7 A i 2 vp R P AT 71 AR 52 (1
W, RREREE AR 2 MEAT O AT AR IR BT ST E o

5.3 HEEH

IEFATHARLRNE 2 R A T, A& R SIE -

ARLAEZN F3 0 BLTH R A ACT R AR, BV R S Be R r E  = R AR A
8. 9 JEIF IR RIES FEAKE R A S 9 FE Ry R 3R, L UH S = il = A 5
FAAERR S R BRI (REE) I, MR =1 = R

|IAE R e s ik Aep Y g e o T P 71 o G Y L (S

ARG SIRIAF RIS, ZARSS A BER T 15°IF,  NETH SRS T A

A AR 1 0 W PR RO AR BN R S S5 5R, NI AR -

o W ZZHMFRAINRENS, THEAIRNIESE; BEH LA B RSN RS, TS
RATHCF 1A

Project No. 301016358 58 of 74



MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — X & R ZEMIEII D ISR

D

web.fpinnovations.ca
info@fpinnovations.ca

N A% BRI M S T R AL, % F S BRsR R T S e N DAL M FE S R, SE PR
BILEIBEAN/DNT SRR 2/3. ZEME. BEHE. FiEMmESRRTEREER
(I PRV T 4% (IR EE MR I oy BT AR Y 3R 3.5.2-1 R . N8, %R ¥
T, Bl 2.

2 MR ENI LR IR LW E (em/s?)

EOELE 6 [ 7 ¥ 8 ¥ 9 ¥
Z i = 18 35 (55) 70 (110) 140
W= 50 100 (150) 200 (300) 400
FIEHRE 125 220 (310) 400 (510) 620
W I RE 160 320 (460) 600 (840) 1080

e A5 S WA 7 TR R A R I B 0 0.15g 1 0.30g FAHLIX .

KASERRREIL T, MRS LM FTTE SRR, JF R RERUR 8500 AR BN R N
JIRINE RS, AR5 K T A R o] Re 1 T IRIRAS 5

KANTHESIIHE, N CAIAT [ SR G R 52 1 s it Ay 2, N T 2 Bl I 1)
W 5 R S 7 T 5 4 4 R 3 AR ZE AN BRI 10%:;

AT IR . B RE B B MR A R AR B Db, N e ek AT s Bl 4y
BT s 56 UE BE AN O RE Bl B 2 T S5 BT 15 5 K RS R BT 1 R B o R S R R T B A R )
65%~135%, % 2H Hh 5% 2 B A2 BT 15 45 1A SIS B BY 77 19~ $84E 4R B 40 fift IS VS T R 45 SR 1)
80%~120%, 25 £H 1 5= 2y Bl 2 (14 1 357 3 5 1) 2 28 00 o 288 % 5 4R 284 At s S R 925 i SR FH 1
RS R E M ZRTE GE = L EARRE

TR = HEERR, =N WnE I L 5 R aTHCN 1: 0.85: 0.65; THE XU AIHLE
YEFRE, PAN T M) s BEUE R LL Bl e R AT 1: 0.855 4AFAELE M DL [y i FB A A N
TEDLIE, AR HE S BRI ORI AT SERH 70 SR 2 = A7 T i R AR 9 5% R

L FE B ISR ()G R S TR AN BN T A B AR IR A ) 5 F5 0 15s, HE AR =N
10 AR 45 R IR i T2, M2 sh iR R fa) 8] BEAS N B 3T 0.02s;

T Hh R O B M FE AR F R IR AEZR M A W e IO RE S R, RRAE I NTE CRRAR S5
FYBYE TR AR FEY 2 3.5.2-2 FFAUE ) FEAl ARG 0.05s 5 0.10s. N7 {H, %R MM
SN, B 3.

R 3FHEFIME ()

BT RE 4 Wb
lo L Il 111 v
A 0.20 0.25 0.35 0.45 0.65
B 0.25 0.30 0.40 0.55 0.75
B 0.30 0.35 0.45 0.65 0.90

Ko TR R WM 10km LA RISSKY, AREAES i, Nk ANIEsmsem. iR
Bkrh T RR S I AL, MR AR Y AR R W M afe LA S i K AR M 1.5 A R A\ Kk 2
HRRBINAE, AN R A A D0 T R .

Project No. 301016358

59 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES - & RE RIS HisF info@fpinnovations.ca

6 =611 (DLUBAL 3 frigff)
6.1 1RAUMELS

AN — B RN, N WA H DLUBAL RFEM6 X ARSSH AT IR, 52 7770 B R
Btz BB ANT

Il

il

.%—

S
— —_—
X

/

)

e
-~ .

AREBIREIFER S 16m x d4m, AMIEHITC32[RIS AL AR AR, WAL Q235. A Wt
AABAM A, RS 8200 X 120~5005 R ONARER 1, 81 R <F 200 x 200~500.
SRS R EET AR s % R A R L NI 2

Project No. 301016358 60 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — BX & R ZE M8 47155 info@fpinnovations.ca

FERARE AR, R P M AT AR AL IR 4%

PRSI HI38 x 1404, #Ro%[AIFE N 0. 4mo\
=
S

SR E RPN, AR E RS X8 . A SR 16mm BRI S2 O RN . 2T
1123 300 x 6250 [FENE .

62 HHSEREE
TR

LSEitSa, fEn] DU T RAS D0 R0 o i 00, R T RA A A5 B 1) 75 s 4
R LR o g REUE

Project No. 301016358 61 of 74



web.fpinnovations.ca
MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — BX & R ZE M8 47155 info@fpinnovations.ca

e

2 ST OB I AE 22 U SRS 45 R AT Ak, OREEHIRE P BonAAE R, IR BN TI. BA4S
Ho

3AERARARILERS, REFPERIN DLALR B XU BEAT s o P R AR B2 DA = [ PR KUK B3R AT 2
FDAE SRS LR T IP R AR 2 R 308 “ I .

e
S VST B EPULT T Tl G S St ts 1 )
Pk EEeeelionXE

S IBESE £ H e sk PIE e

AAEBFET SN AR, BFIET DU ROTHIRBU R SR i, BmT BUE A T RASR
CHARMET WENHATIRDL:

Project No. 301016358 62 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — BX & R ZE M8 47155 info@fpinnovations.ca

s
EFS T B ERLT T Tl b SRSttt I 1 ]
EeelionXE

- T e
RN AEBERA RSN WU C AN G AP s =g e _ @Al s L 20 0 s x o o

SR, ERTRMEI M CPATa 4 R Y SRfuil] Bos 02 i OB IE R e/ IME,  TRECPE [ I
Zi

P T T INE S ] 2 €[5+ @ - @AlilEss /o0

S EEAEBIS B O

RN IER

LAEEM DFMARERY 00 LRt Y a5 R, 8k 7l DR /AL E RSN, T blE
EAAEN BN B0, EREEE)EE R

Project No. 301016358 63 of 74



web.fpinnovations.ca
MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES - & RE RIS HisF info@fpinnovations.ca

9 D 0 | R AT

e e e ST R ey v e e e o S 0
FARANS-EE~-~ AL FESE Z-8 £° o ex LA -l d A BT A N Egbizd Rrid S A adatt A% 1 ]
b Aaoadk X T 1888 24-08 A3 IRREE §.3 B AE R4 JIL AR § g BzZ9.| TEReR o AXE
un 1Lh - e
s . o
P i _—
Ofu "
Ofvw oS
2o e -
Oty FEe i
ona i i
Fid : -
e = -
o W
BV A . -
Ow - i
Suy 2
3% = =
M e B
ou
i
s
-
)
HEan

\
[
i ax
s e s ae
oan | o I e G > ¢ - 5 1 e g 2|90 ©
weor  moRm e =z sz e
i el G i O stk el e w2 |
sl oo s 550 f I
i womy ot o np  mem  owom
Somuisen Sioio 500 o Bo  Bup  owon
S E e o o ——]
BEZEEE AL RS & R N N R e P EE INPIT Fr

L @AEE= s, 250 :

s wn e Zavon

2AEBAE WAL, AT DA R RS D R ARAE A, DS R 5 R AR 3G T

© ousro e s e o
= BA sm oh e In = En coew mm

24D REAS AR~ BAAEw f-@ 5 mmo e SO R VR T B IR E T Rl S CE SRS i 1 )
-y y-P- ik a-e- 0¥ S I8 PIEAHMet S22 HBZIP . M- RERSBSOAXD

sxa4s )
Swmi = B

s 22 Onio e 41T Zhen | Dbl Sfmrs G — @ %

e

” ax
un ws wE B 9%
asn V| (S [ R > o - = 1B e g 2|8 | 2

P omoem e ax sz peem
ot B TN T T S B ™ | s

sl om0
prcry g womo ot oo FET < T
St st wes st i L —

e e g wm | ER LA | % Ne | om o wm | BR AR am R
BEZ LT IS L R N P e P e INP I r )

® . @AEE= 25065
pressr g A

Project No. 301016358 64 of 74



web.fpinnovations.ca
MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES - & RE RIS HisF info@fpinnovations.ca

3.5ZIE—H, WHERWEEZMERNKE. EATLE [SHEREER]T T U1He A R R X

a x

57 80 oo e s 22 O s 4 T Zhons | Dol Sl i — X

CEELEEAEe Z-@ £E o e
YT Rk R O %8 AR E - PIENEMee
SwE A %@

At M MY T EA S f i St i A 1 ]
2K BEERR O AXE

(I R 8> 2 3 LB e g 2 | 8T O

wems  momw oewx s 52 e
Chommy cpummn | WLyt okgen | ‘end A w2

sty o s [ —

s wme o I

e S s o Bx  son  owow

Simi e E . e EFI
819 - i wm e @ Iwa | m A0 | ® | Gm e me | w6 9
2 ramm BEZEECE -1 I LIS I P E NP S r e 26y L 8nlslE X n o s

' 400 s s v G
wracs g FE ksstm v Zomom

Project No. 301016358 65 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — S & AR LEMIEI A 4718 info@fpinnovations.ca

7 %62

7.1 TE#HER

TAEOL THEZHIX, SR RA 6 ZIRE BT IR & ARHESLSE MY, IR 2 TRt Az 4
BYIRESEH, 3~6 RN IREE L BT I REIR G AR SCHNERR A M . ME I & JE 23.4m. DhREE L. R A
EINIp: HRE: pHRBFUE 8 B, BHEEARHE ML 0.2g: MUBAAE 4, I 1
FKo. RLBEHUR RPN AR RER . B ETRER %, RELIERIUESER ),
REARNERPUR SRS . BRI 25N g SMEEERE1.0; BiHEHER: 504,
WEEC L RIS frE 2.0kN/ m?; HE S: 1% (MM EMIE)  (GB 50009-2012) , HX 50 4F
—IEBEARF Y 0.45kN/ m; KE W 2 (RIS EITE)  (GB5009-2012) , HEARLH
AU T B U, B 100 SE— B LA XA 0.40kN/ m?.

7.2 1REUHES

SEVEAR A BRI T BT 5, JEIA T GENTERNSE S . R & AR A3
PRI, A ARRRESE, RAERPZIEEREL N, BRE 7.1 M 72, i ARK4RH
FEHEGRAEAR TC32 (ORGMEIFFRHE) B A 22.3Mpa, INAHT K 19 Mpa, RS HiHr
14.2Mpa. PaPEREE 9500 Mpa. AEMSEME 7.3 Fix

B 7.1 BEEAHERE A

Project No. 301016358 66 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — BX & R ZE M8 47155 info@fpinnovations.ca

Vavat

R

\/\

R

—
WY/ 4
AT ATy At |
\N

-y

HHE O
SR —
wiag  BREX Y e = 5
SRR
= H
REL
B
i B
@FmBElE  OF@SHE HiRE:
AP
WA Wan'2
At
SRR 1/e)
wE: N/mm"3

E 7.3 AMITEISE

73 HES5EREE

TEF 7.4 7.5 B HIEEEEAR G AR B TER USRI, AR E T EARRE AR
N /14 7.0Mpa, A 3~5)7Y J7IAHESEEE, I 220x500 f KA. JJ{E A 7.1Mpa<<22.3Mpa.
T R BAF A ARGER /1)y 4.7 Mpa<<22.3Mpa, 7B NEE Y J7 FHESZE, WLt
TR HRRERBMERI RN, W mEER . REARRE FRMHE NLT Rk
15 J5 58 [ AR, 25225 R il R VI K .

Project No. 301016358 67 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — BX & R ZE M8 47155 info@fpinnovations.ca

POST PROCESSOR
BEAM STRESS
EAEEE
8.037952 +000
8. 6375732000
1 4.71347=+000
3051212 +000

ces: sLea1

MAX : 318
MIN : 787
JiE EiEEEoe
i m

KR ) i 7.1Mpa ; \1‘,

B 7.4 GEHER =~ TR EAREN /4% E

midas Gen
POST-PROCESSCR
BEAM STRESS
EEERE
5.570522+000
4.84358¢ 4000
3716642 +000
2.58570e +000
14627624000

-6,425322+000

CBS: SLCE1

WA 1637

MIN s 985

i EEEEDS
R Njmm ~2
B 05/24/2022
AR
X083

K J) A 4.7Mpa i 4.

z: 0836

B 7.5 EEHEUEERER A AN E%E

JIT A 8 e R S5 T R TR R LR A 1/800 B3R . B TORZE MY A VN, IREELZAO
PUIMRIEER, HREARMEIR X [ =IEAE XK, JIRIBERCR, MU BB HAFE RO E A,

i R VEALFE R

Project No. 301016358 68 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — FR& R Z5 M8 4 355 info@fpinnovations.ca

8 75 3L HA

[1]
(2]
3]
[4]
(5]
[6]
[7]
8]
[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Z. Chen, E. Karacabeyli, and C. Lum, A survey on modelling of mass timber (no. 301011232).
Vancouver, Canada: FPInnovations, 2017.

Z. Chen, D. Tung, and E. Karcabeyli, Z. Chen, D. Tung, and E. Karcabeyli, Eds. Modelling guide for
timber structures. Pointe-Claire: FPInnovations, 2022.

Z. Chen, E. Zhu, and J. Pan, "Numerical simulation of wood mechanical properties under complex
state of stress," Chinese Journal of Computational Mechanics, vol. 28, no. 4, pp. 629-634, 640,
2011.

Eurocode 5: Design of Timber Structures — Part 1-2: General Rules — Structural Fire Design, EN
1995-1-2, CEN, Brussels, Belgium, 2004.

P.Jand K. A, Structural timber design to Eurocode 5. Malden: Blackwell Publishing, 2007.

Z. Chen, M. Popovski, and P. Symons, "Advanced wood-based solutions for mid-rise and high-rise
construction: structrual perforamnce of post-tensioned CLT shear walls with energy dissipators,"
FPInnovations, Vancouver, 301012204, 2018.

I. A. MacLeod, Modern Structural Analysis. thomas telford, 2010.

E. Karacabeyli and C. Lum, Technical guide for the design and construction of tall wood buildings
in Canada (2" ed.). Pointe-Claire, Canada: FPInnovations, 2021.

R. Van Bakel, G. Rinaldin, A. Leijten, and M. Fragiacomo, "Experimental - numerical investigation
on the seismic behaviour of moment - resisting timber frames with densified veneer wood -

reinforced timber joints and expanded tube fasteners," Earthquake Engineering & Structural
Dynamics, vol. 46, no. 8, pp. 1307-1324, 2017.

A. Leijten, S. Ruxton, H. Prion, and F. Lam, "Reversed-cyclic behavior of a novel heavy timber tube
connection," Journal of Structural Engineering, vol. 132, no. 8, pp. 1314-1319, 2006.

M. Fragiacomo and M. Batchelar, "Timber Frame Moment Joints with Glued-In Steel Rods. I:
Design," Journal of Structural Engineering, vol. 138, no. 6, pp. 789-801, 2012, doi:
doi:10.1061/(ASCE)ST.1943-541X.0000419.

A. H. Buchanan and R. H. Fairweather, "Seismic design of glulam structures," Bulletin of the New
Zealand National Society for Earthquake Engineering, vol. 26, pp. 415-436, 1993.

B. Kasal, P. Guindos, T. Polocoser, A. Heiduschke, S. Urushadze, and S. Pospisil, "Heavy Laminated
Timber Frames with Rigid Three-Dimensional Beam-to-Column Connections," Journal of
Performance of Constructed Facilities, vol. 28, 2014.

R. Gohlich, J. Erochko, and J. E. Woods, "Experimental testing and numerical modelling of a heavy
timber moment-resisting frame with ductile steel links," Earthquake Engineering & Structural
Dynamics, vol. 47, no. 6, pp. 1460-1477, 2018, doi: https://doi.org/10.1002/ege.3025.

Eurocode 5: Design of timber structures - Part 1-1: General - Common rules and rules for buildings,
EN 1995-1-1, CEN, Brussels, Belgium, 2018.

Z. Chen and M. Popovski, "Connection and system ductility relationship for braced timber
frames," Journal of Structural Engineering, vol. 146, no. 12, p. 04020257, 2020, doi:
https://doi.org/10.1061/(ASCE)ST.1943-541X.0002524.

Z. Chen, C. Ni, C. Dagenais, and S. Kuan, "Wood*": A temperature-dependent plastic-damage
constitutive model used for numerical simulation of wood-based materials and connections,"
Journal of Structural Engineering, vol. 146, no. 3, p. 04019225, 2020, doi:
https://doi.org/10.1061/(ASCE)ST.1943-541X.0002524.

Project No. 301016358 69 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — FR& R Z5 M8 4 355 info@fpinnovations.ca

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]
[35]

[36]

M. Bruneau, C.-M. Uang, and R. Sabelli, Ductile design of steel structures (2" ed.). McGraw-Hill,
2011, pp. -1.

NIST, "Seismic design of steel special concentrically braced frame systems: A guide for practicing
engineers," in "NEHRP Seismic Design Technical Brief No. 8," Applied Technology Council and the
Consortium of Universities for Research in Earthquake Engineering, Gaithersburg, GCR 13-917-24,
2013.

NIST, "Seismic design of steel buckling-restrained braced frames: A guide for practicing
engineers," in "NEHRP Seismic Design Technical Brief No. 11," Applied Technology Council and the
Consortium of Universities for Research in Earthquake Engineering, Gaithersburg, GCR 15-917-34,
2015.

Z. Chen, M. Popovski, and P. Symons, "Solutions for Upper Mid-Rise and High-Rise mass Timber
Construction: Seismic Performance of Braced Mass Timber Frames — Year 1," FPInnovaitons,
Vancouver, 2019.

Z. Chen and M. Popovski, "Expanding Wood Use Towards 2025: Seismic Performance of Braced
Mass Timber Frames — Year 2," FPInnovaitons, Vancouver, 2020.

Z. Chen and M. Popovski, "Expanding wood use towards 2025: performance and draft design
guidelines for braced timber frames under lateral loads," FPInnovations, Vancouver, 301014059,
2021.

National Building Code of Canada: 2020, NRC, 2015/01/01 2022.

H.-E. Blomgren, J.-P. Koppitz, A. Valdés, and E. Ko, THE HEAVY TIMBER BUCKLING-RESTRAINED
BRACED FRAME AS A SOLUTION FOR COMMERCIAL BUILDINGS IN REGIONS OF HIGH SEISMICITY.
2016.

M. Fujimoto, T. Aoyagi, K. Ukai, A. Wada, and K. Saito, "Structural Characteristics of Eccentric K-
Braced Frames," Trans.AlJ, vol. 195, pp. 39-49, 1972.

R. Tanabashi, K. Naneta, and T. Ishida, "On the Rigidity and Ductility of Steel Bracing Assemblage,"
presented at the the 5th World Conference on Earthquake Engineering, Rome, 1974.

G. A. MacRae, Y. Kimura, and C. Roeder, "Effect of Column Stiffness on Braced Frame Seismic
Behavior," Journal of Structural Engineering, vol. 130, no. 3, pp. 381-391, 2004, doi:
doi:10.1061/(ASCE)0733-9445(2004)130:3(381).

G. MacRae, "The development and use of the continuous column concept," presented at the Joint
Proceeding of the 7th International Conference on Urban Earthquake Engineering & 5th
International Conference on Earthquake Engineering, Tokyo, 2010.

A. Wada, Z. Qu, H. Ito, S. Motoyui, H. Sakata, and K. Kasai, "Seismic Retrofit Using Rocking Walls
and Steel Dampers," in Improving the Seismic Performance of Existing Buildings and Other
Structures, 2009, pp. 1010-1021.

M. Popovski, "Structural systems with riveted connections for non-residential buildings," Forintek
Canada Corp, Vancouver, 3279, 2004.

C. Murphy, C. P. Pantelides, H.-E. Blomgren, and D. Rammer, "Development of Timber Buckling
Restrained Brace for Mass Timber-Braced Frames," Journal of Structural Engineering, vol. 147, no.
5, p. 04021050, 2021, doi: doi:10.1061/(ASCE)ST.1943-541X.0002996.

Eurocode 1 - Actions on structures - Part 1-3: General actions - Snow loads, CEN, Brussels, Belgium,
2003.

Canadian highway bridge design code (CSA S6-19), CSA, Toronto, Ontario, 2019.

B. Andersson and G. Larsson, "Verification of buckling analysis for glulam arches," Master Master's
thesis, Lund University, 2014.

Engineering design in wood (CSA 086:24), CSA, Toronto, Ontario, 2024.

Project No. 301016358 70 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — FR& R Z5 M8 4 355 info@fpinnovations.ca

[37]
[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]
[48]

M. Salvadori, M. Levy, and J. J. Farrell, Structural design in architecture. Prentice-Hall, 1967.

R. Crocetti. "Hangtakskonstruktioner ger elegant spannvidd." TIDNINGEN TRA.
https://www.svenskttra.se/publikationer-start/tidningen-tra/2017-4/hangtakskonstruktioner-
ger-elegant-spannvidd/ (accessed Febuary 01, 2021).

S. Hofverberg, "Long-span tensile timber roof structures Development of design proposals
adopting the Stress Ribbon concept," Master Master's thesis, Chalmers University of Technology,
Goteborg, Sweden 2016.

M. Ingvarsson and D. Gustafsson, "Application of asymmetric loads on cable shaped structures -
A load case study of timber roof stress ribbon structures," Master's thesis, Chalmers University of
Technology, Goteborg, Sweden, 2017.

K. Persson, "Analysis of Catenary Shaped Timber Structures," Master Master's thesis, Lund
University of Technology, 2017.

M. Li, R. O. Foschi, and F. Lam, "Modeling Hysteretic Behavior of Wood Shear Walls with a
Protocol-Independent Nail Connection Algorithm," Journal of Structural Engineering, vol. 138, no.
1, pp. 99-108, 2012, doi: doi:10.1061/(ASCE)ST.1943-541X.0000438.

ASCE, Seismic evaluation and retrofit of existing buildings (ASCE/SEI, 41-17). American Society of
Civil Engineers (ASCE) (in English), 2017.

M. Koliou, J. W. v. d. Lindt, and R. O. Hamburger, "Nonlinear Modeling of Wood-Frame Shear Wall
Systems for Performance-Based Earthquake Engineering: Recommendations for the ASCE 41
Standard," Journal of Structural Engineering, vol. 144, no. 8, p. 04018095, 2018, doi:
doi:10.1061/(ASCE)ST.1943-541X.0002083.

Y. H. Chui, C. Ni, and L. Jiang, "Finite-Element Model for Nailed Wood Joints under Reversed Cyclic
Load," Journal of Structural Engineering, vol. 124, no. 1, pp. 96-103, 1998, doi:
doi:10.1061/(ASCE)0733-9445(1998)124:1(96).

L. N. Lowes and A. Altoontash, "Modeling Reinforced-Concrete Beam-Column Joints Subjected to
Cyclic Loading," Journal of Structural Engineering, vol. 129, no. 12, pp. 1686-1697, 2003, doi:
doi:10.1061/(ASCE)0733-9445(2003)129:12(1686).

G. Foliente, "Stochastic dynamic response of wood structural systems," 1993.

R. Foschi, "Modeling the hysteretic response of mechanical connections for wood structures,"
presented at the 6th World Conference on Timber Engineering, Whistler, Canada, 2000.

Project No. 301016358 710f 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — S & AR LEMIEI A 4718 info@fpinnovations.ca

B 1t
KNEMTE HEE TS
PLUR A& — S AR SE M 1 S5 M) o3 BTk AE, DA EATTI 35 BERE A
(1) DIANA FEA

,;I:% 1'\J_:_': H

SRBAM AR 2 T BRI 74T
BE R E TARM RS R A& ST
SCHFARLRTE . ShAAMR M S e 2 2R A .
FERICAREE IR, B R

ERX R MW VEGNRNE 2 ARM Wit i 45+ TREIT .
(2) RFEM CHi Dlubal ZR{tH324t)
LIt

ARG = A
SCREARM AN . FEL MR it
AREFI S b, WREEhAI . AR E .
BT W A [ PR RTINS
WX R T AT VRGNS K S A (0 AR, el S S 2% J LR B it
(3) SAP2000
R e

o HMZHMIHTIIE, STREARMAEL
o IRALAMIERANLE I WAL AT
o WEHETZMMXMAMBIHIE (B, ERMAEEMTE

EHIXT S REABEZ MR (B WM, & TR s, A58
AR EHRIBI BT

(4) ETABS

A2

ATt . SRR .

RPN RFE BIMRER, 3& BT AHEZREE ) o
EEXIARKE . ARGERER BT DIRE .

BE SRS Bt R, IR B3l ThRE.

Project No. 301016358 72 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — iR& K £5 1918 S 17157 info@fpinnovations.ca

TGRSR MEEARHNESE @ BN AR & R T I Z5 0 AR .
(5) TimberCAD
R

LIRS, ST T A
YRR, ARMERER AR

SRt B BT BRI G5 M S T A

55 BIM Fil CAD B F3 %%, SEILTCEE TAERAE.

WA SR BET ARG TR, Rl R ARHELL A3t
(6) FEM-Design (Hi StruSoft $2fit)
R

CREMARIT TR, T TARGHAES 5.
SCREARMERA 4, an st A s U AR T .

HHE [E FrbrdE (Eurocode. NDS Z5) HEAT ARLE M B,
RS HAERL, PRSI THERRER .

BRI G T BEIRN GG W H o AT Fr S A RE AR S5 M Wi L RR AN Z 57 o
(7) Saphire (H TechnoSoft J24L)
FE R

LR TAEFIAE R Bt 2 il
SCREARMEZEAUARMTZEI M, I SCRFIE AT 51T
FRHEARM RS AN (3 Bh 3R A Th RS .
IR ThRE, (T 4RE.
TG /N B ROR g5 A 1T 1 AR, RpA R AHEZL A R BT o
(8) Grasshopper (J&FC Karamba 3D #&f)
R
Rhino IS ¥tk i%it T B, Karamba 3D i SCH AM A HAB BRI 254 2047 .
FVFPRBE AR AL 15t
TEF—RIHTIETL, AR R R M A8 47 .
PPt — NPT RIS ST, P TREIM AN BUIm AL -

XSG WS HABHEOGEAIR T, B TR LA AR S5 # BEit

Project No. 301016358 73 of 74



@ web.fpinnovations.ca

MODELLING GUIDE FOR DESIGN OF GLULAM STRUCTURES — iR& K £5 1918 S 17157 info@fpinnovations.ca

(9) Rstab (H Dlubal B3 4L)
A
LR T AMESE AT FBELT
FRHEARM BT, RVFXIARZE . AR R L AT B4 .
THEARGERI B e MEA A R T b .
555 B A B IV

TEXTGR: F L TR BAT ANELR S5 44 73 B (1) AR o
(10) TimberTec
RER

B TAARGE R M S5 7 M it

PATPEMAOAR GBI 5L, BFERE. BaAi kBt
SCRFFENAAM CAD S, TE T AMESL Bt
BEARRE E IR BB PR BT

GG TELTTRMARAT ARG EEA (CLT) A S A2 o

Project No. 301016358 74 of 74



OUR OFFICES

Pointe-Claire

570 Saint-Jean Blvd.

Pointe-Claire, QC
Canada H9R 3J9
(514) 630 4100

Vancouver
2665 East Mall
Vancouver, BC
Canada V6T 1724
(604) 224 3221

Québec

1055 rue du P.E.P.S.

Québec, QC
Canada G1V 4C7
(418) 659 2647

FPInnovations@




