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Outline:
• CLTs are used extensively in construction.
• Properties are determined based on species, grade and layup of longitudinal and 

transverse layers
• Well established species and grades are typically utilized (SPF, Douglas Fir-Larch, 

Southern Pine)
• We want to develop confidence in Ponderosa Pine CLT products so that engineers 

can specifying them for structures
• For design, engineers need reference design values for CLT lamina (F

b
, F

t
, F

v
, F

c
, E, 

E
min

) 
• Reference design values are then used to find section properties of the CLT (M

n
, V

n
, 

EI, etc) using the shear analogy method.

• To accomplish goals:
• Determine reference design values for Ponderosa Pine (F

b
, F

t
, F

v
, F

c
, E, E

min
),

• Clear, straight grain properties from the Wood Handbook (2010)
• Allowable imperfections and corresponding properties from ASTM 

D245
• Develop section and strength (simplified method) analysis tools using the 

shear analogy method following the CLT Handbook (2013),
• Determine loading and specifications for a panel subject to a pre-defined 

environment (i.e., interior, residential floor system, 10 foot span) following 
IBC 2018/ASTM 7-16,

• Design a representative panel to meet specifications and relevant code 
requirements following the CLT Handbook (2013), NDS for Wood 
Construction (2016), and

• Perform mechanical property qualification testing (flatwise bending and 
flatwise shear) on samples extracted from representative panels ASTM D198
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TABLE Al 

ASO REFERENCE DESIGN VALUES•,... FOR LAMINATIONS {FOR USE IN THE U.S.) 

laminotio,... Used in Major S~ngth Dire< ·.on Laminotiorn. Uoe-c:I in Minor Siresn91h Oi~ction 

CLT F• E" F F. F, F, f• E" F F, F, F 
Layup (P"'1 ( l Ot P"j) (p,;.i) (poi) (P"i} (p,.;) (poi} {JO•p<-i) (p,.;) (poi) (poi} (~) 

El 1,950 1.7 1,375 l.800 135 45 500 1.2 250 650 135 45 

E2 1,650 1.5 1,020 l.700 180 60 525 l.d 325 775 180 60 

E3 1,200 1.2 600 l.400 llO 35 350 0.9 ISO .475 llO 35 

E4 1,950 1.7 1,375 l.800 175 55 450 1.3 250 725 175 55 

Vl 900 1.6 575 1,350 180 60 525 1.4 325 775 180 60 

V2 875 l.d 45() 1.150 135 45 500 1.2 250 650 135 45 

V3 750 l.d d.50 1.250 175 55 450 1.3 250 725 175 55 

for SI· I psi = 0.006895 MPc 
o. $oo S..ctJon 4 for symbols.. 
b. Tobulatod • .,. oASD Qfwono>d"5ig valws and n~rmittod to bo iDCJQQsod for 1• lumbor • and Rot uso od·~mG<II 

!odors i occordona> wit t o OS. Tho clo • s sh • • • wit tho soclio portJQs p,r:mdod tho CLI 
mo loduror bos..d on tho ooucl loy uri o" oA2I-

c. Custom CLT l"Y'Jps ' at oro nol listod po owit 7.1.1. 
latod E .,. 01<1 publis od I proporti"5 own inT o A2, tho transvorso f 

otio is as,umod to bo f ssumod IO f/16. and tho nsvorso G of tho 
lominobon is as.........! to bo longitu a l G/10. 

TA9lEA7 

ASD REFERENCE DESIGN VALUES"' FOR CLT (fOR USE IN THE u.s.1 
l aminoiion Thidcneu Jn.J in CU Layup Maior s.,.,..h o • m ton HwlorStren,g1h 0.Ndion 

fEQ_, ... lEl)J11,1• 
IF.SJ.-.tt pootW- !GA ,. v,, IF.S).,,1 .. P O'tbf, tGAI-. ... v,,. 
llbf•l / h in.'"1 of P O'lbf/h tlbf/ h f bl-Wh in . .1/f1 of ll O'tbVft flbf/ h 

J. J. J. ofwtdft wlcN, o( wl of wlcN, of w~h wlcllh ofw~h of w~h 
1 3,18 t 3,18 1 l'8 4,575 115 0.46 1,4:D 160 3.1 061 495 

tl 67/8 1 l,18 I 3,18 ll'B I 3,18 I 3,18 10,400 440 0.92 1,970 1,370 81 1.? 1,430 

9 !1'8 I 3,18 I 3,18 I l/8 I 3,18 I 3,18 18,375 1,089 1 4 ?,490 3,125 309 1.8 1,960 

'1/8 1 3,11 1 3,11 1 3,18 102 0.53 1,910 165 3.6 0.56 660 

E2 61/8 1 3,11 1 3,11 13,18 1 3,11 1 3,11 389 1.1 ?,625 1,430 95 1.1 1,910 

9518 1 3,11 1 3,11 13,18 1 3,11 1 3,11 963 1.6 3,325 3,375 360 1.7 ?,6?5 

4 1/8 1 3,11 13,11 13,18 81 0.35 1,110 110 7.3 0.44 385 

t3 6 7/8 I 3/8 13/8 I l'8 13/8 1 3/8 311 0.69 1.530 955 61 OA7 1,110 

9 518 1 3/8 1 3/8 1 l'8 1 3/8 1 J/8 11,325 769 10 1,9 ?,180 13? 13 1.510 

'1/8 1 3/8 I J/8 I 3,18 4,5'25 115 050 1,750 140 3 ,4 0.6? 605 

u 6 7/8 I 3/8 1 J/8 1 l/8 1 3/8 1 3/8 10.«xl 4'0 10 1,410 1,130 88 12 1,750 

9~8 1 3,18 1 3,18 1)'8 1 3,18 1 3,18 1 S.400 1,089 1.5 3.050 ?,800 335 1.9 ?,400 

4 1/B 1 3,18 I 3,18 I l'8 1.090 108 0.53 1,910 165 3.6 0.59 660 

V1 67/B 1 3,18 I 3,18 I l/8 1 3,18 1 3,18 4,Bl0 '15 1.1 7,625 1,430 95 1.? 1,910 

9!1'8 1 3,18 1 l,18 1 l/8 1 l,18 1 3,18 S.500 1,0?7 1.6 3,325 3,375 360 1.8 ?,6?5 

41/8 I 3,18 1 3,18 I l/8 ?,000 95 0.46 1,4:D 160 3.1 0.5? 495 
v; 6 7/8 1 3,11 1 3,11 13,18 1 3,11 1 3,11 363 0.91 1,9,0 1,370 81 1.0 1,430 

9 518 1 3,11 1 3,11 13,18 1 3,11 13,11 898 1., ?,'90 3,1?5 309 1.6 1,960 

4 1/8 1 3,11 1 3,11 13,18 95 0.49 1,7 140 3.4 0.5? 605 

v.i 61/8 13,11 13,9 13,18 1 3,11 1 3,11 363 0.98 ?,4?0 1,330 88 1.0 1,750 

9 518 1 3/8 I J/8 I 3,18 1 3/8 1 3/8 899 15 3.0SO 1,800 335 1.6 1 ,400 

l'-orSI: 1 in .• '25..tmm: 1 ft •3°'.Bmm; 1 lbf • 4.-UB N 
0 . s .. on 4 br l)mbol1. 
b. T hi1 tat. rep.-. nt 1ona d ma111 pcxlibilitie I th al the CLT e.01.1 Id be manuhlctu red lit' varrlng lamination gade1r, thd;.,- .,." c,NI nl ell ion 1r, m d 1019 r tl'rang,:mant1 In the la1up. 
c:. Cullom CLT loyup11hm ONI not lilftd lnthi1 tot. shall be ,,.,milted 1n dara....+th7.2.1 , 



Based on ASTM D 143 tests

Clear, straight 
grain properties 
from the Wood 
Handbook (2010)
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Clear, straight 
grain properties 
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Table 5-7. Average parallel~to..grain tensile 
strength of some wood species a 

Species 

Hardwoods 
Beech, American 
Elm cedar 
l faple . sugar 
Oak 

Overcup 
Pin 

Poplar. balsam 
Sweetgum 
Willow. black 
Yellow-poplar 

Baldcypress 
Cedar 

Port-Orford 
\\ estem redcedar 

Douglas-fir, in erior north 
Fir 

California red 
Pacific silver 

Hemlock. western 
Larch. western 
Pine 

Eastern white 
Lobloll 
Ponderosa 

1rg1n1a 
Redwood 

trgm 
Young growth 
ptu.ce 
Engelmann 

itka 

oftwoods 

Tensile strength 
(kPa (lb in-½) 

86, 00 
LO, 00 
108, 00 

,900 
112,400 

51 ,000 
93 .800 

3.100 
109,600 

58 600 

8,600 
45,500 

10 ,600 

,900 
95,100 
89,600 

11 1 00 

3,100 
80000 
5 ,900 
94,500 

64,800 
62,700 

84 800 
59,300 

(1 ,500) 
(1 ,500) 
(15, 00) 

(11.300) 
(16,300) 
( ,400) 
(13 600) 
(10,600) 
(15,900) 

(8,500) 

(11,400) 
(6,600) 
(15,600) 

(11,300) 
(13,800) 
(13,000) 
(16,_00) 

(10,600) 
11 600 

(8,400) 
(13, 00) 

(9,400) 
(9 100) 

(1 ,300) 
(8,600) 

•Results of tests on clear. straight-grained specimens tested green. 
For hardwood species strength of specimens ested at l _ % moisttm 
content averages about 3_% higher: for softwoods. about 13% 
higher. 
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Table 5-1 . Elastic rat ios for various species at 
approximately 12% moisture contenta 

Species EEL ER/Er Gu./E1 

Hardwoods 
P.sh. white 0.080 0.1 5 0.109 0.077 
Balsa 0.015 0.046 0.054 0.037 0.005 
Bass,vood 0.0 7 0.066 0.056 0.046 
Birch. yellow 0.050 0.078 0.074 0.068 0.017 
Cherry. black 0.086 0.197 0.147 0.097 
Cotton"" ood, eastern 0.047 0.083 0.076 0.05 
Mahogany. African 0.050 0.111 0.088 0.059 0.0 1 
~1ahogany. Honduras 0.064 0.107 0.066 0.086 0.0 8 
Maple, gar 0.065 0.13 0.11 1 0.063 
Maple., red 0.067 0.140 0.133 0.074 
Oak. red 0.082 0.1 -4 0.089 0.081 
Oak. white 0.072 0.163 0.086 
Sweetgum 0.050 0.115 0.089 0.061 0.021 
\\ alnut, black 0.056 0.106 0.085 0.06 0.021 
Yello\.v-poplar 0.043 0.09 0.075 0.069 0.011 

Softwoods 
Baldcypr s 0.039 0.084 0.063 0.054 0.007 
Cedar. northern white 0.081 0.183 0. 10 0.187 0.015 
Cedar. western red 0.055 0.081 0.087 0.086 0.005 
Douglas-fir 0.050 0.068 0.064 0.078 0.007 
Fir, subalpine 0.039 0.10 0.070 0.058 0.006 
Hemlock, ""estem 0.031 0.058 0.038 0.03 0.003 
Larch, ,ve em 0.065 0.079 0.063 0.069 0.007 
Pine 

Loblolly 0.078 0.113 0.0&2 0.081 0.013 
Lodgepole 0.068 0.10 0.049 0.046 0.005 
Longleaf 0.055 0.10 0.071 0.060 0.01 
Pond 0.041 0.071 0.050 0.04- 0.009 

I Pondernsa 0.083 0.1 2 0. 138 0.115 0.017 
Red 0.044 0.088 0.096 0.081 0.011 
Slash 0.045 0.074 0.055 0.053 0.010 
Sugar 0.087 0.131 0.124 0.113 0.019 
\ estem white 0.038 0.078 0.052 0.048 o.oo-

Redwood 0.089 0.087 0.066 0.077 0.011 
Spruce. Sitka 0.043 0.078 0.064 0.061 0.003 
Spruce. Engelmann 0.059 0.1 8 0.1 4 0.1 0 0.010 

'E, may be approxima ed by incre.asing modulus of elas • city values in 
Table 5- by 10%. 
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Table 5-2. Poisson s ratios for various species at 
approximately 12% moisture content 

Speci 

Ash, white 
Aspen, quaking 
Balsa 
Basswood 
Birch. yellow 
Cherry. black 
Cottonwood, eastern 
Mahogany African 
Mahogany, Honduras 
Maple, sugar 
Maple, red 
Oak, red 
Oak white 
Sweetgum 
\\ alnut. black 
Yellow-poplar 

Baldcypress 
Cedar, northern\ bite 
Cedar, ,v em red 
Douglas-fir 
Fir, subalpine 
Hemlock. \Vestem 
Larch, western 
Pine 

Loblolly 
Lodgepole 
Longleaf 
Pond I Ponderosa 
Red 
Slash 
Sugar 
\\estemwhite 

Redwood 
pruce, Sitka 

Spruce, Engeln1allll 

Hardwoods 
0.371 0.440 0.684 0.360 0.059 0.051 
0.489 0.374 - 0.496 0.054 0.0 _ 
0 ___ 9 0.488 0.665 0. 31 0.018 0.009 
0.364 0.406 0.91 0.346 0.034 0.02 
0.4 6 0.45 1 0.697 0.426 0.043 0.024 
0.39_ o.428 o.695 o._8 0.086 o.048 
0.344 0.420 0.875 0.29 0.043 0.018 
0 __ 97 0.641 0.604 0. 64 0.033 0.03_ 
0.314 0.533 0.600 0.326 0.033 0.034 
0.4 4 0.476 0.774 0.349 0.065 0.037 
0.434 0.509 0. 76 0.354 0.063 0.044 
0.350 0.448 0.560 02 9 0.064 0.033 
0.369 0.4_8 0.618 0.300 0.074 0.036 
0.3 5 0.403 0.68 0.309 0.044 0.023 
0.495 o.63_ o.718 0.367 o.05_ 0.036 
0.318 0.392 0.703 0.3 9 0.030 0.019 

of-moods 
0.338 0.3 6 0.411 0.356 -
0.337 0.340 0.458 0.345 -
0.3 78 0. 96 0.484 0.403 -
0. 9 0.449 0.390 0.374 0.036 0.0 9 
0.341 0.33 0.437 0.336 
0.485 0.423 0.44 0.38 
0.3 -5 0. 76 0.389 0.35 

0.328 0.292 0.38 0.36 
0.316 0.347 0.469 0.381 
0.33 0.365 0.384 0.34 
O 280 O 364 O 389 O 3 O 
0.337 0.400 0.4_6 0.359 
0.347 0.3 15 0.408 0.308 
0.39 0.444 0.447 0.387 
0.356 0.349 0.4 8 0.358 
0.3_9 0.344 0.410 0.334 
0.360 0.346 0.373 0.400 
0.372 0.467 0.435 0. 45 0.040 0.025 
0.4 0.46 0.530 0. 55 0.083 0.058 



Clear, straight 
grain properties 
from the Wood 
Handbook (2010)
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Allowable 
imperfections and 
corresponding 
properties from 
ASTM D245

Limiting 
characteristic

Strength 
ratio

Table

Bending 60

Narrow face knot 0.6 inch 60 2

Knot on centerline of wide face 1.75 inches 61 3

Knot at edge of wide face 1 inch 61 4

Slope of grain 1 in 10 61 1

Compression parallel to grain 60

Knot on any face 1.75 inches 61 3

Slope of grain 1 in 8 66 1

Shear 50

Size of shake or check

Length of end split

"4.2.5 Strength ratios in tension parallel to grain are 55% of the corresponding bending strength ratios."

Clear Wood 
Strength Value 

(psi)

ASD 
Factors

COV (%) sDEV (psi)
5% Exclusion 

Value (psi)
Seasoning

Strength 
Ration (%)

Design 
values (psi)

Bending 5100 2.1 16 816 1789 1.25 60 1342

Compression parallel to grain 2450 1.9 18 441 908 1.50 60 817

Horizontal shear 700 2.1 14 98 257 1.08 50 139

Tension parallel to grain 8400 2.1 25 2100 2355 1.25 30 883

Modulus of elasticity 1000000 -- -- -- -- 1.14 100 1140000

Modulus of elasticity (minimum) 1000000 0.94 22 220000 678830 1.14 100 773866

Compression perpendicular to grain 280 1.67 28 78 90 1.50 100 136

Rolling shear assumed 18% of horizontal shear 25

14
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Deflection for a simply supported beam subjected to a uniform load

DEFLECTION

CLT Handbook
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DEFLECTION

CLT Handbook
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BENDING

CLT Handbook
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BENDING

CLT Handbook
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by the manufacturer calculated, or li ced in the product 
lpplicable adjustment factors. 



SHEAR

CLT Handbook
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SHEAR

CLT Handbook
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dle layer, which is half its thickne s 

eucral axis, except for the middle la er 
la er. 

the manufacture or calculated per the simplified method 
factors. 



Rao (2011) Mechanical Vibrations

https://vtechworks.lib.vt.edu/bitstre
am/handle/10919/28879/Chapter_1
.pdf
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alu of /3,/ 

f31l = 'TT 
f32l - 1T 

{33/ - 1T 

{34/ - 1T 

E f app 

Loading 

Uniformly distributed 

Concentrated at midspan 

Concentrated at quarter points 

Constant moment 

Uniformly distributed 

Concentrated a t free-end 

rang of 4 Lo Hz i ' highli ht d b cau • it 

:d ith th s ond r third harmoni of alking, 

I of th ' tep fr qu n • . nd r n rmaJ \! aJking, 

d but can g t up Lo about 2.4 . L p • per ·ec nd. 

lh n for in Lane th 

hibi t an ce • 

ond and third harrnoni 

Flo rs that ha e a natural 

au th input 

id with lh r ·on ant fr quen of th floor 

l+-K_E_( _, 
GA L2 

f' 

End Fixity 

Pinned 

f ixed 

Pinned 

f ixed 

Pinned 

Pinned 

Cantilevered 

Cantilevered 

K, 

11.5 

57 .6 

14.4 

57 .6 

10.5 

11.8 

4 .8 

3 .6 



10 foot clear span
(3) 1 inch layers
Assume 25 lb/ft3 panel density
40 lb/ft3 live load
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10 foot clear span
(3) 1 inch layers
Assume 25 lb/ft3 panel density
40 lb/ft3 live load

25

FOREST RESTORATION BY DESIGN 

r3 ba3od on PRG 320) 

Moment : 
Shear : 

578 . 125 ft+lbs < 1652 . 94 ft+lbs ---> OK 
231 . 25 lbs< 626 . 092 lbs ---> OK 

Bearing : 231 . 25 lbs< 5712 lbs ---> OK 
eflect·on (LL) : 0 . 207905 · n < L/360 = 0 . 333333 in ---> OK 
ef ection ( L +LL) : 0 . 24039 in< L/240 = 0 . 5 in ---> OK 

Fundamental bending frequency : 15 . 9693 Hz 
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