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SIMPLE SPAN LAYUP

Standard One-Hour Rated
Beam Layup Beam Layup

- - | Compression lams at top

Core lams in center

B Tension lams at bottom

One tension lam added at
- bottom (replaces one core
lam removed from center)
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51 Robyville Covered Bridge /K& &340 i

4-2 Patrons Oxford Insurance Offices (TBD)

4k IR (RIEERDETS F Patrons Oxford Insurance Offices B 1EEE i U2 it [ &
HJEE—nrFHE - Scott Simons Architects B Patrons Oxford #5587 B & & (E » 3t T7—F&
BRAUCHY B R E A - LRIt - SR NIERRZERITTE » A YRR R
FA e B W DA R Lo oy T 22 ] RIS G A HRIRA IG5 PT IR - 3% SRams Lo 3E k- DT
Ty R RGN B 2R BRI H O E ) - BRA T hRBRiiERe il - WA B G RN FIERERY KRS TR
ANHEZRLERE - DU —SEgliaE gt R - SRR SRRt HHY 2 E R A YA R A&
tH 30% - 3l HAERTH EEA GRS - o] Ry SEi 8 RIS &z 35-409%6HY
77 o BUERVERESENDEIRIE SRS T AR AR 4 TR H R TR ER & AR SR EAF
10 FEHHF I UL Bl S HIAYIEE - Scott Simons FE SRRl Bt LR RI AT fi# 7 28 1M
2 F[EE AT - Becker &% TAZRNAFEZIH H EHV TAZaa 2 258 n] - Zachuau
Construction 22 &AL Z FEE AT - UNALAM A E] Rz 1 HE (I 7B SRR -
ERBEARES THHy S S SEE -
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4-3 SRR ER R (Portland International Jetport)

55 B3 Portland EfEH%I5 N B &7

KT RS A 7> A AN (Maine) 2 BT (Cumberland) R R el 7 00 BAPY 2 S E

(3 AH) WA T A NS - HE M (B X2 E) (A ATHY

FERRTRATH © s i 726 TREA (293 A > B4 NEEICHIIS - 4£ 2018 4 > 3%

P E X 200 B - TR T 2017 SRR T HYECE: 186 & - AT » G154

FRPa AT ZE MIFEEENTZE - DU R B E R R sy H 22 B » sz HIARRG TS &

MNAZEEM SR SRAZC Rl AN E 3T R {17 S8y - 40,000 <5 5 RIEYRAEMR (—
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EGIEEREIERGT IR » 24 Glulam ZA Ry ELEEF RSBy AM B S Y5 A
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57 2% ~ MEAYREEHERE]

4-4 TREBIEEE FuL(Walden Pond Visitor Center)

58 Walden Pond Visitor Center 1F [fj5 N
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59 Walden Pond Visitor Center {HI] &4 N
2015 4F > JifiizEsEZE I H AR REE LR EEES (DCR ) Ffta7E Walden Pond B %% (Rt i
SR SRR TR0 o R UM BB S R L R R R ER B AR )
WV EHE » SR THE R T 4kt il » Hi BV I < NEISRZEA] > (B FEREREE - 12
HIG A —EFRHRISEE YEARTTERE S - sEfR At nTEHYE ST -
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60 Walden Pond Visitor Center A&
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61 Walden Pond Visitor Center N & ETE

62 Walden Pond Visitor Center {5 B85 K5 BE SR AR TEFES ]
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63 Walden Pond Visitor Center ZZZEHVEE 55

4-5 ZFEMvEERE . \(Hitchcock Center for the Environment)

64 7l ] re BB L LA NER
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s ] e ER AR L 00 R TR A IR ZE /- AR ki (Ethel Dubois » 1906-1987 4 )
2 1962 FFRr - #EHE VA -7 (Rachel Carson » 27/ HE 5 R S IFRS IR IR E
) HIEGE - SRIEMTE AT BNy (Leverett) BT —(EE8 - Ml —EHCEAVERRE —
e o R EEOREEA|EYE (Holyoke) FIHrEAIERITE (Springfield ) HY{EUTA FEFEAE
TESBMBEAEE - ffmEi it 5 A M b HAl A S SR ie ik i — 1
BTG © 2016 4 > FZ UL A T A PEHET B RILEATET AR TS KA - SRR ST A
G b BAS AR RSN - RN E SR OSBRI S
B AR ERSAR G FE o R TR s B T B - P B FEAIK R IR S -

65 il fal R LA DR TR AR

4-6 RW &0 (R.W. Kern Center)

66 R.W. Kern Center 4N

RW Sg Bl Iz iRzt ZE - (Massachusetts ) B ERETH; (Amherst) JEEEE[EERE
( Hampshire College ) HYATEIAFF (mass timber) » &R Sy ~ 17,000 SEFHR
BAY AV NSRS EB4EH - AR e pilE 2 EIEZFEE (OK
RETRAIEEY) ) » S BIMEAEARAGHTE AT (ILF1) BYEEEE » wfS 7 TS B Ry AR TSR
i FHE T HEVIRSE -
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68 R.W. Kern Center [N 2 &
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69 R.W. Kern Center /K S+

70 et B A E SR iad
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4-7 FEFEEHLN (Bullitt Center)

71 AR LI NE

PeFEE AR A0 (Bullitt Center) J2H 20 A #) B LI PEHERE] S5 — B EETUARNS
WA EREE G EEZ RS (FSC) IHHRREHIBE A - fAFlEF
LR TSR Ry 250 4 > FEHSRERVAM G EF T REAV - st BBl T
{5 FHA B MR SEA PR E S g - N R H T A - BARSRRL 98 S DU AEEERY)
ZanPEFEWRIVEE ST - RIEEEEAM b - FSC IR HEREE e —IRBILa i - B FI%T
0 FIEYAKT 100962 5 FSC S8REACIR - 188177 & Woodmark SFAFAIRs oL By
1T RS ZAEEEE © 2012 42 11 H - Bullitt fru O SR & SRIE H * FSC 3Gt Bldtis

Ex4 1]
%

T2 ARARF LI ED 1 AR
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4-8 JRvETHEE (Pike Place Market)

MEET THE PRODUCERIN

75 S AL

IR e TS AL SR B P T o DR el - B RER NIRRT - EEUINEE
B FERYREYIR S - O R T VIR o L o IRSETE 2 P HE ] A EE IR SRR
EERECRIIYRE RS B B e S — R P E s S (8 s mav i k-

[l 77 EERERSE A TR A S B R TR
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4-9 ERIEETERES (Tacoma Dome)

82 BERE EIHAG 5 M

& SRR McGranahan 1 Messenger DL 4400 &35 THIERSER T IEFHE EITHIE 5
% sAe 55 1983 £ 4 H 21 HEfZE » K530 82K (160 m) > 5 152 K (46 m) »
A[Z547 23,000 A - figfEsT - BRI B KR RBUBTHRERS, - AR TR AR 2k
E7 1980 A EEmRETKLLESIFIREIRVEIAR - 8 - a2 ie 55% L A E B AL
A7 (e R KRt EE = T e AL e HR Y S S MR EEN SRR -
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85 SEFIEGEIHRS 55N H H BiUKa

4-10 LeMay 7S EEBY8H

2 Tacoma =& 4HY LeMay Auto Museum - 3Z BB (L RIS A B BE
Tacoma Dome 3% » {#4/)8E 2> A (k. 165,000 S 775217 (15,330 m?) » @22l By 3.5 HLa)
TEETRER MBS RS - sz IWYeEny B ARy R IREVE EBDREAREM - KR
HETE - 2SR SRV 6 - RS e A REReT - 5T 5 fn
BAWIEG AR 718 PRI E SRR -
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89 LeMay /X B PJEE A H BIUKE i

4-11 RERBRESISE

KR SEHEZEHERT{EBuUckley glulam bridge ~ FEMA bridge ~ Spiketon Creek Bridge
F o BIRKREANZEEAFIE - FLower Burnett Road Bridge2#i - B USRS
BRHBEGAM ARG EBRASSE TR @ IETAMIRE (VI8 ~ D RI5K) - 40k
ARG ERS M TSFLL L -
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ARBE Ly BBFEBIECTHE (AIT) EEE SRR R APARTE] » TR
B[ _F¥%fMass Timberf& i g A & gk )7 H i M PAEACE & 7K (Cross Laminated Timber,
CLT) Byt AR » CLTIERE R0 S ~ THEULARME S ~ MK MEREE RASREERELT - MHE
A EL At o O TR e RS 8 RS © IR ARM Ry T P AR R L RE RIS 2 B
FEH RS TR Y B AAERIR — B S - B A A SERIRCR - BRI
IS T4 ~ Bt SROERUR SRV FRBUERT - MEARIRTERTIEAVIE S - AREBZEAIL

U :

—  IEXEBEARCLY) Rt VRS E &3 » MERHEENR
H o WS REIRIE RS e 2 Wr<is > AT i UETTHTFEHYERE - 2
st NPT AR EIEAHBANTFE (VK ~ DUBEU ) IR &R - DL S
HEE -

T EESH BB - SR BT - BISEA
RESIITE AR RS - AN - DB RIS EES - IR A RIS
R A RSTEEE Y ST - EAENF AR TS i - TEEPAH
SRR AT (B B -

= RFTS EERT LSS RIS Y DK DRI R TS
A A P 0 AR A - AT ISR MR
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Wooden Building in Taiwan

- Now and Future —

Steve Huang, Far-Ching Lin, Eric Yang, Meng-Ting Tsai

Forest coverage: Taiwan 60%
Global 30%
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Annual Wood Consumption in Taiwan

<1% Self-support
>99% Import

99 %

4-6 million m?3

Energy
coz2
Burning

The Life-cycle of the wood as

a sustainable material _

10 years
High-rise or large scale™ T =
: gabi v 20~30 years Floors,

constructions: LVL.
, : OSB board. ..
heams with large section. .. : .

Low-rise housing

R BNAAEZEREHRE
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Building Regulations in Taiwan

Building Act

Design and
Construction
Specifications of
Wood Construction
and Buildings

Seismic Design
Specifications and
Commentary of
Buildings

Design Manuals

61
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Design
Specifications and
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Building Technical Regulations

m Regulation 70

Fire resistance for Non-Combustible Structure

Wall Beam Column Floor Roof

15+ story 2hr 3hr 3hr 2hr  0.5hr

|
Building Technical Regulations

- Non-Combustible Structure
u Regulatlon 110 (Reinforced concrete. steel with fire proofing
Spacing of buildings and so on)

O Spacing < 1.5m

Roof / Exterior Wall / Opening
- non-combustible material
for 1 hr fire resistance

O 1.5m=< Spacing < 3.0m
Roof / Exterior Wall / Opening

- non-combustible material
for 0.5 hr fire resistance

1 o) |

T T T
> 6m Buildingl  Spacing Building 2 > 6m
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Building Technical Regulations

Combustible Structure
(wood and so on)

m Regulation 110-1
Spacing of buildings

C Spacing < 3.0m
Roof/ Exterior Wall / Opening

- non-combustible material
for 1 hr fire resistance

O 3.0m< Spacing < 6.0m
Roof/ Exterior Wall / Opening

- non-combustible material
for 0.5 hr fire resistance

|

hd T T
> 6m Building 1 Spacing Building 2 > 6m

Building Technical Regulations

m Regulation 171-1
Height limitation of wooden buildings

Wooden Residential House Commercial, Public Building
- <4 story - No limitation on building height
- <l4m upon Government Permission

OOoOoOooOoocoog
I I o |
OOoOooocooo
o i o
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Building Technical Regulations

m Regulation 173

Structure members of wooden buildings are not allowed to resist gravity load (dead load) and seismic
load that is cause by brick, concrete, and the other similar materials.

=y 1s LE TS
bl | ] [

i

m Regulation 203

If the span of wooden roof is larger than Sm. truss is only structure system for the wooden roof.

— —

S e

Building Technical Regulations

Proposed Revision of Building Regulations

m Regulation 171-1

Height limitation of wooden buildings

Proposed revision
Referring to IBC Table 504.3, Table 504 .4 is proposed.

m Regulation 173 (Removal is proposed)

Structure members of wooden buildings are not allowed to resist gravity load (dead load) and seismic load that is cause
by brick. concrete. and the other similar materials.

= Regulation 203
If the span of wooden roof is larger than 5m. truss is only structure system for the wooden roof.
Proposed revision
Roof design should follow the design method listed in
“Design and Construction Specifications of Wood Construction and Buildings™
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g Technical Regulati

TABLE 504.3
ALLOWABLE BUILDING HEIGHT IN FEET ABOVE GRADE PLANE®
TYPE OF CONSTRUCTION
OCCUPANCY CLASSIFICATION TYPE | TYPEN TYPEIN TYPE IV TYPE V
SEE FOOTNOTES
A B A B A B HT A B
ABEF MS. U NsP UL 160 63 35 65 55 63 30 40
T S UL 180 85 75 85 75 | T [Ted
Nsm.d
H-1,H-2, H-3. H-3 3 UL 160 63 55 65 55 63 50 40
4 N§&* UL 160 65 35 65 55 63 50 40
i S UL 180 85 75 85 75 85 70 60
. NS**® UL 160 65 55 65 55 65 50 40
I-1 Condition 1, I-3
s UL 180 85 5 85 75 85 70 60
N§*=f UL 160 65
I-1 Condition 2, I-2 35 63 55 63 50 40
s UL 180 85
” NS UL 160 65 55 65 55 65 50 40
s UL 180 85 75 85 75 85 70 60
N§* UL 160 65 55 65 55 63 50 40
- S13D 60 60 60 60 60 60 60 50 40
S13R 60 60 60 60 60 60 1] 60 60
s UL 180 85 5 85 75 83 70 60

For 51: 1 fool = 304.8 mm.

UL = Unlimited: NS = Buildings not cquipped throughout with an automatic sprinkler system; § = Buildings equipped throughout with an automatic sprinkler
system installed in accordance with Section 903.3.1.1, 313R = Buikdings equipped throughout with an automatic sprinkler system installed in accordance with
Scction 303.3.1.2; §13D — Buildings cquipped throughout with an automatic sprinkler system installad in accordance with Scetion 903.2.1.3.

2, See Chapters 4 and 3 for specific exceptions to the allowable height in this chaper,

b. See Section 903.2 for the minimum thresholds for protection by an sutomatic sprinkler system for specific occupancies.

New Group H occupancies are required to be protecied hy an antomatic sprinkler system in accordance with Section 903.2.5

The NS value is only for use in evaluation of existing building height in accordance with the Infernarional Existing Building Code.

New Group I1-1 and 1-3 occupancies are required to he protected by an antomatic sprinkler system in accordance with Section 903.2.6. For new Group I-1
occupancies Condition 1, see Exception 1 of Section 903.2.6.

. New and existing Group 1-2 occupancics are required to be protecied by an awtomatic sprinkler system in accordance with Section 903.2.6 and Section 1103.5
of the Intarnananal Fire Code.

For new Group 1-4 occupancies, see Exceptions 2 and 3 of Section 903.2.6,

. New Group R occupancies are required to be protected by an automatic sprinkler system in accordance with Section 903.2.8,

ooan

R

Building Technical Regulations

TABLE 5044
ALLOWABLE NUMBER OF STORIES ABOVE GRADE PLANE™"

TYPE OF CONSTRUCTION
ocCuPANCY CLASSIECATON T e e TN W
see FooTNOTES [ . N . A - - A N Types [&I1I-
" W (0 A N N I I N B Building Elements are of
- T noncombustible materials
A s UL 12 I E] ] 3 ] 3 2
A3 NS uL 11 3 2 3 2 3 2 1
: I B o o
A 5 O S R N N B B Exterior walls are of noncombustible
At -~ e e S materials and the interior building
B i . ——— elements are of any material
" i N I I S NN I N O permitted by the code.
s UL 6 4 3 4 3 4 2 2
S B T S B EE I B
- NS o n z 3 3 T 5 3 7 Type IV-H.T. [Heavy Tlmber] =
— S-S TLLES THL N L N G L L Exterior walls are of noncombustible
H-1 1 1 1 1 1 1 1 1 NP . . . » .
= materials and the interior building
" s I I IR N IR A N elements are of solid or laminated
— ;
e 5 S R R e e e wood without concealed spaces.
H4 Ns=F uL 7 5 3 5 3 5 3 2
5 uL L] o 4 6 4 6 4 3
-8 N':“ 4 4 1 3 3 3 3 3 2 Tgpe V-
) Comton NS [ I I I I R N B Structural elements, exterior and
B UL 0 H E} H ] H [} 3 A . R
i (o I ) interior walls are of any materials
1-1 Condition 2 S I m 3 3 4 3 4 3 2 5
— e permitted by the code.
-2 1 1 NP 1 1 NP
s UL 5 3
13 Nst= UL 4 2 1 2 1 2 2 1
3 uL 5 E} 2 3 2 El 3 2
NS*F UL 5 3 2 3 2 3 1 1
- s uL 6 4 3 4 3 4 2 2
M NS uL 1 4 2 4 2 4 3 1
s uL 12 5 3 5 3 5 4 2
(contmued)
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Potential Design Feature in Taiwan
Hybrid Wooden-Based Structure System

All Wood Hybrid Structure System

Hybrid Structure System
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— Study/Japanese room "
—= Bedroom

— Study room

——e Japanese room
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Potential Feature
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Design and Construction Specifications of Wood Construction and Buildings

Chapter 1
Chapter 2
Chapter 3
Chapter 4
Chapter 5
Chapter 6
Chapter 7
Chapter 8
Chapter 9

Introduction

Design Guideline of Structure System
Structure Analysis

Materials and Allowable Stress

Member Design
Connection Design
Wooden Framing System

Durability Design

Fire Design

Design and Construction Specifications of Wood Construction and Buildings

Design Load Combination for ASD

LIEEHL
Wooden 2.D+L+S;
Structure 3. D+L+W
ALIDERL=HE 1.D
14T, 2D
2.D+0.75(L+ 1.25W) 3.D+(LrorSorR)
N Beawiteai (vl 3. D+ 0.75(L &+ 0.8E) 4.D+0.75L
4 07D+ 1.25W +0.75(Lror S or R)
5.0.7D+0.8E 5.D+(0.6W or 0.7E)
[2F) 6a. D+ 0.75L + 0.75(0.6W)
2.0y +0.75(Lr or S or R)
3.D+(LrorSorR) 6b. D+ 0.75L+0.75(0.7E)
4.D+075L+0.75(LrorSorR)  +0.758
Sf::{‘;:l"l‘;;‘:ﬁ:‘e 5. D+ (W&{0.7E) 7.0.6D +0.6W
: 6.D+075L+0.75(Wor0.7E) 8.0.6D+0.7E
+0.75(Lror Sor R)
7.0.6D+W
8.0.6D+0.7E
NA
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Design and Construction Specifications of Wood Construction and Buildings

Design Load Combination for LRFD

NA
1. 14D
2.12D+16L
3.1.2D+05L+1.6W
4.12D+0.5L+E

Steel Structure

5.09D+E
6.09D £ 1.6W
1.1.4D 1.1.4D
2.12D+16L+05(1rorSorR) 2.1.2D+1 6L
3.1.2D+1.6(Lror SorR) +0.5(Lror S or R)
. . + (L or 0.8W) 3.1.2D + 1.6(LrorSorR)
C""’;:l"’;:’t‘:i“’“"’[ 4. 12D+16W+L +(L or 0.5W)
+0.5(Lror S or R) 4,1.2D +1.0W+L

5.12D+10E+L+0.28 +0.5(Lror SorR)
6.09D +1.6W 5.12D+1.0E+L+0.28
7.0.9D + 1.0E 6.0.9D + 1L.OW
1.1.4D 7.09D + 1.0E

2.12D+1.6L+0.5(Lror SorR)

3.12D+ 1.6(Lror S or R) + (1.0L or

RC Structure” 0.8W)

4.12D + 1.6W + L+ 0.5(Lr or S or R)

5.12D +1.0E +L+0.28

6.0.9D + 1.6W

7.0.9D + 1.0E

*Fluid Load (F) * Earth Load (H) * Thermal effect are not included

Design and Construction Specifications of Wood Construction and Buildings

Due to the different design load on wood structure and non-wood
structure, 1t becomes difficult to promote the following hybrid
structure system, which is potentially popular and suitable to local
environment in Taiwan.

Wood

Wood

Non-Wood

Non-Wood
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Design and Construction Specifications of Wood Construction and Buildings

Chapter 1  Introduction

Chapter 2  Design Guideline of Structure System
Chapter 3  Structure Analysis

Chapter 4 Materials and Allowable Stress
Chapter 5 Member Design

Chapter 6 Connection Design

Chapter 7 Wooden Framing System

(Design Load for LRFD is proposed to added in order to satisty
the design of hybrid system)

Chapter 8 Durability Design
Chapter 9  Fire Design
Chapter 10 CLT Guideline is proposed
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SLilTHE UNMIVERELTY DF

® )y

The Timber Age

Source: dECOH Architects

Winzopfel Associates B
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fuc] THRE UNIVERMTY OF

MAINE OERRE S

Mass Timber: What, Why, How?

O'Sarrmsraams

Mass Timber £ Cun'UEntinﬁal
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Ll THE UNMIWERELTT OF

MAINE e

+ Mass Timber Structures
— Incorporating timber plate elements

— Including large timber elements such as solid sawn,
NLT, LVL, LSL, glulam, and CLT.

— A structural system resisting both vertical and lateral
loads.

* The new mass timber movement is motivated by...
— Demand for lower impact structures
— Manufacturing technology
— Matenal technology
— Advances in pre-fabrication
— Sophisticated suppliers

fuil TEE UNMIVERELTT OF

Oy

Mass Timber Framing Options

Wail Laminated Timber [NLT) Glue Laminated Timber (GLT)

Glulam Beams B Columns

Laminated Veneer Lumber {LVL)

=
-

ol ¥ B o
o I'.F
.. -

=

v -
L o
.
-LI" f
A
=

S

T At SRt ST Cher Tt
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[l o] TRE UNIVERALTT OF

Wi MAINE O Nasainerconet

What is Cross Laminated Timber?
- Solid wood panel
« 3 layers min of solid sawn lams

- 90 deg. cross lams
= Similar to plywood sheathing

—— B 4 1/57t019 12
i i)
\ { Source: WioodWirks

[l EEE]TERE UNMITERRLTT DF

i MAINE

CLT Fabrication Press
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Sl TEE UNMIVERILTT DF

MAINE s

Common CLT Layups
3-ply 3-layer
5-ply 5-layer
7-ply 7-layer 7-ply 5-layer
S-ply 9-layer
bl ¥ S-ply 7-layer
Source: WoodWbrks

Sl TEE UNMIVERILTT DF

MAINE @

CLT Adhesives

» Adhesives used in CLT must meet the same
standards as adhesives used in glulam.

» CLT adhesives are also required to be evaluated
for heat resistance.

« Several types of structural adhesives have been
successfully used in CLT production:

— Phenolic types such as phenol-resorcinol
formaldehyde (PRF)

— Melamine types such as melamine formaldehyde
MF

— Emulsion polymer isocyanate (EPI)
— One-component polyurethane (PUR)
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MAINE @)

CLT. A Prefabricated Material

- Custom engineered for material
efficiency

= Custom designed for project

- Each panel numbered, delivered
& installed in predetermined
sequence

Photo credit: Susan jones

- Finished panels are planed,
sanded, cut to size. Openings are
cut with precise CNC routers,
saws, etc.

photo credit: Waugh Thistleton

Aol THRE INEIVERECTY OF

MAINE O

How to use CLT - Assembly

Sourve: U CLT Handbook
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il THE UNMIVERELTY DF

Wil MATNE

How to use CLT - Assembly

LD gt
L :1
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b
i

T |
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Li]| THE UNIVERELTY DF

il MATNE

Sustainability

Construction
Efficiency

Performance
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MAINE

n.mmm&
‘= CHEDOEITES CORTOT

Sustainability

Performance

Construction
Efficiency

fui TERE UNIVERELTT OF

MAINE

O.m oy maqut i F Y

Reduced Embodied Carbon

Volume of wood used S50m

Carbon sequestered and

stored (CO,e] 780 metric tons
Avoided greenhouse

gases (CO,e) 320 metric tons

Total potential carbon
benefit [CO_g) 1,080 metric tons

Carbon savings from the choice of wood in this
one building are equivalent to:

% 1,615 passenger vehicles off the

road far a year

Enough energy to operate a
hame for B03 years

stadhaus, London, UK
Photo credit: Waugh Thistleton Architects
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ELilTHE UNMIVERELTT DF

n‘.mmm&
‘= CHREDSITRS CORTNT

Minimal Waste

Photo credit: ELH

Suil THE INIVERELTY OF

MAINE e

Energy Efficient

- e ST | L iRl o T | ekt T T
s o im. (100 | 1 s ' oW ¥
TS e s S T [ e, T S e e i

R-walwsé (heft*F-Btu ) 1.25 L0 7.50 10.00

RSI (oKW ) 0.22 0.8 1.30 180

CLT has an R-value of approximately 1.25 per inch of thickness.

Baurce: US CLT Handbook
Sowurce: oo Tliorks
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Seismic Design

Shear walls are
connected to a concrete
footing utilizing post-
tensioned, self-centering
rods running through the
CLT wall. The rods allow
the wall to rock laterally
during an earthguake
and snap back into its
original upright positicn
afterwards.

Photo credit: Oregon State University
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Fire Resistance

- When mass timber is exposed
to fire, the outer layer burns,
creating a protective char
layer.

= Char acts as insulation.

= Char forms at a predictable
rate (~0.025 inch/min).

Photo credit: kosh Partes

o+

Fig. 2U-4. Afrar fire scane. Shows o wood beowm Fugperting
twisted stenl [-beams. {Forest Products Labenatory)

» PROTECTS

CHAR layer )]
HEATED zone }
COLDwood )

P e

Photo credit: Think Wiood
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Structural Flexibility

Photo credit: Alison Brooks

photo credit: Yugon Kim
Photo credit: Pete Kobalt
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Sustainability

Construction
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75% Lighter Than Concrete

Ehoto credit: Michoe! Green Architecture

LEITHE UNIVERRLTY DF

O

FPrefabricated & Precise

Source: WoodWorks
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Reduced Construction Time

e

UMAINE CURRENT & PREVIOUS
MASS TIMBER RESEARCH
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SPFs/LSL Hybrid CLT Mechanical Properties

= 22% higher mean bending stress at failure when LSL used in the
core

WCTE

SHENCTUIRAL PRI HRALANTE COF IIWVHRID RS LAMESATER
TIMBER FASNELS 056G &SR TR S THAN D LAEER AND
SORTHEASTERN 1L, SPHULE

vy e Wil |, T il [ ravids, Hollorin Layms Al " g b ey
nweiar & Cardne’, Hissll Bd g, Msbid Tajridi

Ll THE UNMIWERELTT OF

MAINE O Neisinenes covies
SPFs/LSL Hybrid CLT Hygrothermal Properties

- Determination of thermal conductivity
and diffusion coefficient values of the
constituent elements of the CLT
panels lumber

«  Measurements of heat and moisture
transfer through three CLT
compaositions under specific, severe,
temperature and relative humidity
gradients over extended time periods.

EREEHERRED TR bioresources.com

Thermal Conductivity Values for Laminated Strand
Lumber and Spruce for Usa in Hybrid Cross-laminated
Timbor Panals.

Jaya Tnpaib and Holer W He™
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Blast Resistant CLT

Interest in CLT hotels on Army bases with blast requirements

THE UNIVERELTT OF

§MAINE o

Blast Resistant CLT

90



fuil THE UNIVERELTY DF

MAINE e

CLT with Gaps

Perpendicular Layer

/— Parallel Layer

Strangth Axis of CLT

Sl THE UNMINERELTY DF

MAINE O N

Industry Need

- APA PRG_BED {:UITE”T'I.TI no rEqUirE‘rTlentS an Staruband For |'I.'|:|!.l'lil.'J.l.1.'+E.dL1|
allowable gap size... but there will be. Crom-L it Vo

« What is the effect of gaps on strength?

- |s it possible to use other materials with better
shear strength, such as LSL, in the inner layers to
mitigate any detrimental effects on CLT shear due
to gaps?

i 77
; uora
[l 2]
1 Ml
LIS
T
LT
Rl

LEIEL]
oA

91



iuil TERE UNIVERELTT OF

MAINE @) ] e

Several different CLT paneligap layups: ' ) 1
— Gaps in fransverse layer: e ————
= no-gap (control) o
- & mm (0.25 inch) e F ! :

= B9 mm (3.5 inches) 1 ! I

= 178 mm (7 inches) 3
Longitudinal layers: SPF-S#2 grade * - i -
Transverse layers: SPF-5 #2 grade or . .
laminated strand lumber (LSL) [ |_ 1 :

Sl THE UNIVERELTT DF

MAINE O temivanes covret

A 6-mim gap size reduced the capacity of SPFs panels by about 13%,
but only 2% of hybrid panels on average.

L89 hybrid panels were about 2% stronger on average than the control

(LO) SPFs panels, showcasing that LSL in the transverse layers
dramatically increases shear capacity.

When compared to analytically-derived design values, using the same
methodology as used in PRG 320, all layups met the required strength,
which indicates that significant gaps between boards in the transverse
layers of CLT may be acceptable from a shear strength perspective.

W m W W W uE TE e
Sy M (g
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+ Opportunities for Advanced CLT panel/wall systems

— (Gaps between laminations may serve as an attribute to a
CLT billet.

— Gaps may serve as channels for electrical wiring or other
utilities,

— (Gaps may be used for post tensioning rods

— Gaps may be filled with mineral wool, fiberglass, rigid foam,
or cellulose to improve sound transmission, fire
performance, thermal resistance and to reduce weight.

— Incorporate sensors in the gaps for a monitoring system

Ll THE UNMIVERELTY DF

MAINE C}?nnnltu ERRTST
Qualification of New CLT E-Grades

» Reference design values for SPF-3 (U.5.) in the NDS are
lower than SPF (Canada).

*  Since CLT design properties are analytically derived
using lumber stresses as inputs, CLT using SPF-5 would
potentially be at a competitive disadvantage compared to
other species (of the same grade), including those from
Quebec.

* This may be a deterrent to potential CLT manufacturers
considering a plant in Maine.
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Project Objectives

Infreduce two new grades of CLT using MSR-grades SPF-5
lumber. The two proposed grades would utilize
(a) 2100Fk-1.8E MSR lumber in the longitudinal layers, and
() 1650Fk-1.5E MSR lumkber in the longitudinal layers.
The former grade, once qualified, will have the highest
longitudinal publizhed bending properties in the current
wversion of PRG 320.
The latter grade would be comparable to “E2” grade CLT,
which is manufactured with Douglas-fir, a species known for
itz high stiffness and strength.

SMARTLAM

PLEASANT
RIVER

MADE IN THE USA

July-August 2019 — SmartLam manufactures CLT, cuts
specimens from billetz and ships them to Maine for testing.
September-October 2019 — UMaine conducts testing.

*  Movember 2019 — UMaine analyzes test data.

*  December 2019 — UMaine and SmariLam prepare
submission to APA (SmartLam’s accrediting body).

Ny

maibec

SpilTER UNMIVERELTY DF

MAINE

O‘.mma.

Funded in part by the Economic Development
Administration (EDA), and housed at the
University of Maine, the Maine Mass Timber
Commercialization Center (MMTCC) brings

construction firms, architects, and other
stakeholders in the region to revitalize and
diversify Maine’s forest-hased economy by
bringing innovative mass timber manufacturing
to the State of Maine.

+  Qutreach
+  Promotion of Mass Timber

+  Promotion of Maine
+  Product Development

together industrial partners, trade organizations,

Maine Mass Timber Commercialization Center

Current MMTCD Members:

Amencan Weod
Cenineil

Becher Sbructural
Enginesns

Conskall Construction
Fonbaine ad Sheatton
Lumbsr
Gray-Onganschi
Brchiects

Maneeck Lumber Co,
I e Matural
Resounce Solutians
Lo Wy iR ]
AT LaRE

Liggna Mainss CLT

Muaine Forest Praducts
Coun|

Petabnie Street Sodutons
Mgk Slring

L5 e W e
Irarituie af
Technokogy

Mew England Forestry
Foundaben

Morthern Farest
Cemier

Wecerthesas e Lusen b
Wanufac e,
Association

Tur Kanathdin

POT Archiects
Flageang River Luamber
Co

Hahibins Lumber Co
SCalt SiEhhng

AR hNeces
Srarilam

Thizrnicn Tamasetti
Lirnpewsily of Mans
Viermant Suilairable
Jortes Find

VWBAL Archimcts &
Ersgirasars
WioodWork:
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Sources for Additional Information

fucl THE UNMIVERELITT DF

MAINE O Vminanes coimet

American Wood Council (AWC)
www.awc.org/iallmasstimiber

Matthew Hunter, BCO
MNortheast Regional Manager
MHunter@awc.org

WoodWorks
www. woodworks .org

ThinkWood
www. thinkwood.com

Mass Timber Code Coalition
buildtalibuildsafe.com
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Forest Products Laboratory

! !lﬂ ! | ﬁummgpiij I 1

%

USDA Forest Service
Forest Products Laboratory
Madison, WI

USDA Forest Products Laboratory =

Madison, WI
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Centennial Research Facility (CRF) =

=

FPL Research Program

Wood Products Research Wood, Fiber, Composites Research
" Engineering properties of " Engineered composites
wood, wood-based materials, sciences
& structures " Fiber & chemical sciences

" Durability & wood protection research
* Wood Anatomy and Quality ® Forest biopolymer science and

= Building and fire sciences engineering

= Economics, statistics and life ™ Institute for microbial &
cycle analysis biochemical technology

" Engineering Mechanics and = Paper test lab

Remote Sensing Laboratory
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Centennial Research Facility (CRF)

Engineering mechanics and Wood preservation treatment plant
remote sensing lab

!_J;S_.[_)_&
RWU 4714 Engineering Properties of Wood, == &
Wood-based Materials, and Structures

Problem Areas
=" Fundamental Wood Properties

" Engineering Properties, Performance
Characteristics of Structural Products

= Structural Systems

= Mission Problems
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NDT Research Program

= Forest resources (Pre-harvesting)
= Raw wood materials (Post harvesting)
*Wood pI'OdUCtS (Structure timber, engineered products)

" Jh-‘lllll.p;_'

I FET Y
R amas, -

=\Wood structures (Condition assessment)

)

=Urban trees (Decay detection and hazard analysis)

m" ?"‘i ‘ﬂmmllmmi | mu

= (5

Collaborations

=Universities
= UMD, UW-Madison, MTU, ISU, MSU, College of Menominee

=Government Agencies
= DOD, NPS, FS WERC, APHIS, FHA

"Industries
= NAHB, APA, TECO, Fiber-gen, Boise Cascade, Seneca Sawmill, Whole Tree Inc.

*|International
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Tree velocity vs. wood properties

Secondary wall layers
\

Primary wall S

100

Velocity vs SS MOE

55 MOE (0F)

O Radiats pine =2
R zoms

9 12 14 16 18 20 23 24 26 24 0

MFA (SilvaScan)
2 H BE R &8 &

w 3 8

Tree Acoustic Welocity (Km)

Velocity vs SS MFA

. © Radiata pine
R? =0.855

15 20 28 RN as
Tree Acoustic Velocity (Kmvs)



Incentives for tree quality assessment

= Efficiently allocate timber resources
for optimal utilization.

= Determine relationships between
environmental condition, silvicultural
treatments and wood/fiber
properties.

® Forest inventory

= Selection tool in tree breeding
programs.

AUTOMATED LOG'ACOUSTIC SORTING

* Select top quality logs
= Sort out worst quality logs
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Structural Lumber grading

Photo credit: Southern Forests Products Association

Photo credit: APA

Online acoustic lumber grading

148:  448Hz 5115mm Waste DOMN

—m
Commercial systems
v ViSCAN, MiCROTEC, Italy
v Sonic lumber grader,

Metriguard Inc., USA \
v Precigrader, Dynalyse AB, rec,gmder :
Sweden High PFecision Strength Grading e
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Cross Laminated Timber

Condition Assessment of Existing
Structures

= Visual
= Stress waves

= Ultrasound
transmission

= Resistograph
= |mpact echo

* GPR imaging
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Urban Tree Assessment

® Develop new techniques and
procedures for tree inspection
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Overview

Originally Wood preservation (circa 1910)

« Changed to wood protection and shifted focus to include other
wood protection strategies (modified wood, naturally durable
wood, etc.).

Currently 7 research scientists split over 2 locations:
* Madison, WI - FPL main campus

+ Starkville, MS - Termite research group

Current Problem Areas:
1. Targeted wood protectant development
2. Termite biology and control
3. Improved wood treatments and accelerated testing

Problem area 1

+ develop targeted wood preservatives based on biorational
design to protect wood products in service and prevent
economic losses that result from fungal and insect
bmdetenoratmn SRAE L _
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Problem area 2

« investigate how the dual role of subterranean termites as
wood decomposers link benefits from forest health and
nutrient cycling with the economic destruction of in-service

wood as a platform for development and implementation of
integrated treatment strategies

UNITED STATES S, 3\

1 = = iy )
MINNESOTA | . : e Lﬁ QUEREC
S I

.  Wadncn g R —
oW ] & = ==

Py [‘—

ﬁ ILLINOIS INDHANA. ‘ oHID I PENNSYLVANIA

Urban-associated Aesolnonaban ... Lasnude = = = = (S Canads bordet
.IP'M 2 populatans . tremite populations

Simplified map showing the nonhern distribution of R flavipes along ils northern rangs.
Only selocted populations are shown to highlight major sones of activity.|

Problem area 3

+ develop improved wood treatments and accelerated

performance methods to corroborate long-term durability of

preservative treated wood without adverse lmpact to the
enwronment
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Fungal Decay Hazards

FPL is also conducting work to better understand
soil fungal communities in order to better predict
material performance.

In N. America, the AWPA hazard map is used to
illustrate decay potential in different regions (Zone
1-5), Zone 5 is severe, 1 is mild.

Tropical exposure is usually more severe than
mainland exposure and presents an opportunity for
accelerated field testing.

We are currently using next generation DNA
sequencing to characterize soil fungi in different
decay hazard zones of N. America.

g mmal remperatare for the sies
i e s b el

Tropical Testing

FPL RWU 4723 has a 60 year history of AMERICAN WOOD PROTECTION ASSOCIATION
tropical testing.

-

Comprehensive Overview of FPL Field Testing
+ Panama Conducted in the Tropics (1945-2105)
+ Midway Atoll
+ Guam

* Puerto Rico

+ Tropical testing presents a valuable tool
for predicting service life.

+ Extreme termite pressure.
+ Accelerated fungal decay.
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Thanks for your Attention!

L
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https://www.fpl.fs.fed.us/

108



Fifsk 4 ~ SEE TIEAA & APA iR

KB TIEAM e

August 16, 2019
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APA - The Engineered Wood Association

= R I [ S e L 4
= 864 52 (193344 AL)
» 23RS Tacoma, WA

= M ERAES L,
¥, B, R
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APARYIESS & B il

174 Member Mills

* 50 - Plywood
+ 51-0SB
* 40 - Glulam

o A, 4 16 - I-Joist

L]
.ﬂ - 17-sCL

Plywood 86%
osB 88%
o~ Glulam  93%
Ioist  72%
scL 73%

« FEERFIAIT) R
BRI
R, BB
RSB
« B L B AR
T
« B TR
« R T S A
« TR
« SRR
R
R
BT

APA
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Bl ST

= IS0 17065 RA]HIRBHEFE
= IS0 17020 RA]HIBREGHERS
= IS0 17025 JHIEREEaHES

m @ Standards Council of Canada

N\

ACCREDITED

Conseil canadien des normes

i’
INTERNATIONAL
Standards Worldwide

JAS
74Y-IARK

111

APA

MAFF

Ministry of Agrisulturs, Farestry and Fishsrias
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I . ee |

KB TREAM e

« 3900 m?2 BFZEH[)
Tacoma, WA
« T EMRE AT

PE ine

APARIFERL LT B BR =
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Plywood

;
5
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Oriented Strand Board (OSB)

NG

Wood Structural Panels

wn- M-
R R
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RIRER

4ERE A& Structural Plywood 5E [A U #E4] Oriented Strand Board

ANEANESS

Light-Frame Wood Construction
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FRIE] (D] JET)

e,

By 7 Shear Walls

P g

Span Rating and Performance Standard

= B I RIVEE TS FE T
nE
 RESWETR sheatning), AL IPA A PA
—(EEFRAEHEAY —————
%kﬁg%ﬁzﬂﬁﬁiﬁfﬁ |RATED STURD-I-FLOOTI
HEAUE RIS e
= REERE B BB iR (Sturd-I- THIKNESS D451 IN. e
Floor), HE—HJBI TR e 000 s comss 000 s

PS 2-10 SINGLE FLOOR
JE FE H%j(%fg: Zra PRP-108 HUD-UM-40 4= PRP-108 HUD-UM-40
i I “~  15/32 CATEGORY \_/  23/32 CATEGORY

APA
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ESTE T FAIMRERR

o *%ﬁﬂgﬁﬁ(w all ——
Sheathing), HE—RYBIF 3 APA
i R FE R e KBS —————

s REERBERSZ AR RATED SHEATHING
TEER T F (B0 24/16 2
Wall 24) “EXPOSURE 1

THICKNESS 0.354 IN,

PS 2-10 SHEATHING
4ox PRP«108 HUD-UM-40
\./  3/8 CATEGORY

BT SRR

" FERER T - FIDMREBFESA A BRI AR HERS R 1y FHY RS RTEIR
= B4 aea TR HE PR ]

SRR AR RO
B 524 m%@@@ﬁl AR - ” o
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47

BB E AR

» BT aet A REINERG - SRR EEER

I SRR IR, I

ISO 16507 and ASTM E661

3
150 16507:2013(E) - - / \_ 4
Dimensions in millimetres f
1 5
~ n -
B
m # [0) £
2 | 1 EI BEIEN
o P 1
f A
Y. @ -
S| = o @ =
@ @ =
K sz B u
AV
! s I s j" f J—Lf—‘
g
5 18 25

a) Edges partially supported b Edges not supported ¢) Edges fully supported

APA

121



AREEHE RIS

10697
ERTCRRLIISRUETHE (X EAH)

LA ARMEERTLRTRNTL)

team . sARm Avp

CETR A BT RO L
TR L
p¥anEat atomn
CLETT
PE ST WA T RS iy b e e TS © W ASIMTR)

FAl |

LErAAMAANS Lz ATHR ARGz idmr
{ Veluntary Product Suadaed I'S 2, Performance Standord for
T IR TR
AR EHIH AR LRGN WTAS SRR
WA EEHLTAHRE THHARRT - @2
W
ol O A ke LT 2 A #1106 12
A0 o MR T R 1060820401 48 Lot ig -
S-aAAGARST R RTARIRANARETENEL
ME7 240 Sdom A RIOSH)ZHARR - & RuT M
Mk RSt AR AORTAAERES - DARS
Bl AL - AL IR AL e
ZoEREEEHEE c AN WTPS 2L MRN L APA-The
Engmeered Wood Association + 2PES-TECO - 3 Timber

Wooed-Hased Structural-llse Panels -

Products Inspection « KPS 22 198§ b M2

HETRAEE VB REE

£

122

Voluntary Product Standard PS 2.18

Performance Standard for Wood
Structural Panels
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Structueal wood-based paels
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Structural Composite Lumber (SCL)

LY v

Laminated veneer Iumber (LVL)

J& B TR

Laminated strand lumber (LSL)

APA
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Prefabricated Wood I-Joists
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SAMPLE TRADEMARK - Position of frademark on I-joist may vary by manufacturer

The |-joist alternative to 2 x 10

lumber with @ net depth of

9-1/2". Also available in

of 11-7/8%, 14" and 16" Joist designation

,-Iifﬂl‘ﬂ mm T

PRI JOIST TYPICAL HOLES

/_ fistance from facs of support fo the center of hols. Ses Tobls 5. Sea Rule 12

e
APA
_
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Cross-Laminated Timber (CLT)
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APASATHISR BB AR #E
APA-published American National Standard

» PS1, PS2, It AERBEFELE

:
-3

" SHRSA R TAEE604

Cardlt
APA
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Applied Research

Tall Portal Frame Test Combined Shear and Wind
Uplift Test

:
b

TR
I-Joist Diaphragm
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Periodic Full-Scale Glulam Tests

FAFLBY e - B L EIE IR
Perforated Shearwall Force Transfer around Openings (FTAO)

Wall 5 Wall 6
Objective: Objective:
jective:
FTAO, compare to Wall Compare to Wall 4. Examine
4. Examine effect of effect of sheathing around

straps with larger

openi
opening pening

JE
2x flatwise
blocking
Wall is symmetric,
sheathing and force
fransfer load

Wall is symmetric,
sheathing and force
transfer load
measurement on right
pier not shown for clarity

Wall 7

Objective:
Est. baseline case for 2:1
segmented wall

2x flatwise
blocking

130
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Tall Wall Research

Rl JT5G
Lateral Load Design

" APARZAGERIRCiE S AR RV LR
" TMIEICCILE AR T IRCHE ST AR BT 124

& Guide 1o the
; 2006 IRC Wood Wail
ERTITEETE - " 2009 IRC Wood Wall Bracing Provisiens
2015 IRC* B ll'lqll,g MIII:M
Wood Wall N
Braging Provisions i = .
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System Reports

st astestEeE [ s
 DUBR AR A A 2 Fire Protection of Floors Constructed with

Prefabricated Wood I-oists for Compliance
with the International Residential Code

= ———]
——
—

JEST B AR (%

North American Strategic Partnership

CEEE - L owt- ey 4
| USDA Canadi

WoodWorks UBC
4> AMERICAN — ;—ff T a» N\ T
WOOD " Wood U AN | \. '-l. ) N\ o~
w COUNCIL ld Produgb ‘g.,--‘i U N1 V ERS T T ¥ V
Council b

u Inatitts for /m
Ewm Busmess & SI PA
.'. Strucnural insadated

Safety
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APA / IBHS 2 R~ BUH: S
44mx44dmx18m

= IBHS (The Insurance Institute for
Business & Home Safety)

APAFIEEE

Trademarks

I
— APA

APA

4 ARCH UNBALANCED DF/L ANSI117-2015 s

I [ PROOF LOADED END JOINTS

RATED SHEATHING S _‘;‘, %3 -PLANT 0000 ANSIA190.1-2012 8

32/16
SIZED FOR SPACING
EXPOSURE 1
THICKNESS 0.451 IN. A P A @

PS 2410 SHEATHING :
47A PRP-108 HUD-UM-40
- 15/32 CATEGORY

2

V2 67/8"

a MILL 0000 ANSIAPA PRG 320-2012 4

APA

50
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B HEmHEEE
Proprietary Product Recognition

" APA EEraR B £
Product Reports R

e
www.apawood.org -

APA

APA 1 ICC-ES Bt &oRza s
APA and ICC-ES Joint Evaluation Report

APARIICC-ESHi3%

TG raport 5 catyectta reewal Septerter 2045
‘wowiccca.ong | (B00) 4ZVE507 | |562) 90568 A Subadery of e Inkemational Code o™

DRI B9 WO, FLABTICS AN

¢ 15@ nmu%ﬁ ﬁ:ﬁ m:.;;”;‘*““’*’*‘*"
ICC—ES ESR%I]APAEEE:%‘& [

LU0 4E 136 AE DURASTRAN
UNBER 10301

B A AR T EY e

Tlarwps 33 et

110 B4E By 5L

!Iﬁﬁ"rlmwmm—mw
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Green Verification Reports

» |CC 700 and LEED

' |CC/ASHRAE NATIONAL

1-2015

GREEN BUILDING
STANDARD™

LEED

LEADERSHIP IN ENERGY & ENVIRCHRENTAL DESIGN

NATIONAL
GREEN
BUILDING
STANDARD

-

émmw

Pacific Woodtech Laminated Venser Lumber
Pacific Woodtech Corporation

s Duvirstar §, 3000
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MINIMUM DEPTH AT WHICH GLULAM BEAMS CAN BE ADAPTED FOR
ONE-HOUR FIRE RATINGS

Depth Depth
Beam Width 3 Sides Exposed 4 Sides
Exposed
(in.) (in) (in.)
5-1/80! 12 22-1/2
6-3/4 13-1/2 27
8-3/4 7-1/2 13-1/2

(a) When 5-1/8-inch wide glulam is used for one-hour fire-rated beams, load capacity is reduced to
about 50% of the allowable design load for depths shown in Table 5. Contact APA for details.
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SIMPLE SPAN LAYUP

Standard One-Hour Rated
Beam Layup Beam Layup

[ | Core lams in center

B Tension lams at bottom

One tension lam added at
bottom (replaces one core
lam removed from center)

["] Compression lams at top

PRKAHE Z&R

LOAD-BEARING EXTERIOR WALL SYSTEM

Based on UL Design Mo, U344 in Underwriters Lobaratories inc. (UL} Fire Resivtance Diractory.
APA Rated Siding Exterior or other exterior finish (code-coproved ypel
5/8° Type X gypsum sheothing

Min. 15/32" APA Rated Sheathing Exposure 1 0S8 or plywnod™
Glass fiber insulation [R11]

5/8" proprietary™ Type X gypsum wallboard

Min. 2ud sluds @ 16" or 24" o

AWC WiJ-1.1 SHOWN

) i P 0.02¢" galvanized steel
Min, 23/32" T&G ; 9 het-shaped furring

APA Sturd-|-Floor P u
Glued and nailed ._\ channels max. 16" o.c.
to I-joist e R
‘ B Min. 5/8"
. Type C gypsum
+| | wallboord toped

Min. 1-1/2" mineral
fiber batts (2.5 pef)

Min, 9-1/4" wood I-joists

spaced max. 24" o.c.
with 3-1/2 x 1-1/2" flanges
For addifional details, see AF&PA DCA 3 Assembly WIJ-1.1 {www.afandpa.org)

APA
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«  JoiFENn7E Component Additive Method (CAM)

722.6.2.1 Fire-resistance rating of wood frame
assemblies. The fire-resistance rating of a wood frame
assembly is equal to the sum of the time assigned to the
membrane on the fire-exposed side, the time assigned
to the framing members and the time assigned for addi-
tional contribution by other protective measures such as
insulation. The membrane on the unexposed side shall
not be included in determining the fire resistance of the
assembly.
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-« JTHENA Component Additive Method (CAM)

TABLE 722.6.2(1)
TIME ASSIGNED TO WALLBOARD MEMBRANES® " ¢

DESCRIPTION OF FINISH TIME®{minutes)

“I-inch wood structural panel bonded with exterior glue 5

H1,5-inch wood structural panel bonded with exterior glue 0
"1 5-inch wood structural panel bonded with exterior glue 15
I -inch gypsum wallboard 0
-inch gypsum wallboard 15

I *f-inch gy psum wallboard 30 I

'1-inch Type X gypsum wallboard 23
“I,-inch Type X gypsum wallboard 40
Double ¥-inch gypsum wallboard 25
lfy-inch + Y-inch gypsum wallboard 35
Double ',-inch gypsum wallboard 40

For SI: 1 inch =254 mm.

a. These values apply only where membranes are installed on framing members that are spaced 16 inches o.c. or less.

b. Gypsum wallboard installed over framing or furring shall be insialled so ihat all edges are supporied. except ¥-inch Type X gypsum wallboard shall be
permitted to be installed horizontally with the horizontal joints staggered 24 inches each side and unsupported but finished.

blics, gypsum board shall be installed with the long dimension perpendicular to framing members and shall

<. On wood frame fl iling or rooficeiling

have all joints finished.

d. The membrane on the unex posed side shall not be included in determining the fire of the hly. Where dissimil b are used on a wall

assembly, the calculation shall be made from the least fire-resistant (weaker) side. ‘ P‘
& The time assigned is not a finished rating
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10 Electric system . ......oooooioeeeieeeeeecee

10.1 Fire power supply and distribution Cade for fire protection design of buildings

102 Power line and electric equipment

CHRLEAR A
(2014 4 6 H 20 HERD

10.3 _Fire emergency lighting and evacw
11 Timberbuildings | ... ...

12 City road tunnel .

12.0 General requirement. 89
12.2  Fire water supply and fire extingmishing equipment 90
123 Ventilating and smoke exhaust system o1
124 Fire alarm system 9
125 Power supply and other requirements 2 ArPA
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