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Paner.Lam Dower. Lammnatep Deck System

Crash-Tested Rail System
Glu-Lam Rail
High Strength Hardware
Solid-Sawn Posts, Curb,

Scupper Blocks, and Rai Blocks

Wear Surface
Agphalt (shown)
Traated Timbear

Protects panels from abrasion

Dowel-laminated deck panel Solid-Sawn Spreader Beam
A8%15-1/2° Ring shank dowels Provides load distribution
Penetrate 4 laminates
Simultaneously driven in mechanical
press for quality assurance

Pamneal
i Thickness
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Ship-lapped Panel Connection 12 94" 187 187 20 22T 24" 25T 2R 307 32 34" 55 38 407
Provides load distribution Span
Irpartant for asphall wear- P
surlace performance Based on AASHT(D Stanoard Spacificalions 2002 - 17th Editon,
HE-20, Dowglas Fir Larch, 3 DIATIIOUS WOST SOUTED,
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Simple Span Nall Larminated
Timber Deck Example
(without distress)

* A simple span nail laminated bridge,

two lanes.
o 32'-1" roadway, Span length = 20'-10"
e Timber dimensions were field

measured (actual)
fRaintanance and inspection

a
a . . .



sSimple Span Nall Larninatecd
Timber Deck Example
(without distress)

* Deck in new condition

* Year built 1966
 Average wear course thickness of 3.5"

° 0 degree skew




MINNESOTA DEPARTMENT OF TRANSPORTATION Sheet No. 1of4
Bridge Mo. 1895

ASR TIMBER LONGITUDINAL NAIL Mok by Ecam
LAMINATED DECK RATING WORKSHEET  cneckay

Date 304108
Location: Rye Rd. over Bourbon Creek
Given information: - A simple span nail laminated bridge, two lanes.
- 32'1" roadway, Span length = 20°-10"
- Timber dimensions were field measured (actual)
- Good maintenance and inspection
- Deck in new condition
- Year built 1966
- Average wear course thickness of 3.5"
- 0 degree skew
- Timber species: Douglas fir-larch No. 2, (coastal
region)
Unit Definitions
k=1000-bf kst = 10002k gf = 00— 10002 k= 10000 ksi = -J-M ton = 2000 Ibf
2 ft 3 . n-in
& fi
.I_rLUt Timber Rail
34 -0 |
Reference AASHTO Table 13.5.1A "
A2 32" " 11;1!?

Species: Douglas fir-larch (coastal region) |-'~.

Commercial Grade: No. 2
Size Class: 2" and wider

2" Min, sn;w‘c/_ 5" M. Bit. WC —| E
5 L L L E

I
12" Treated Panels (Nailed) A

Fii= 875.psi  (bending)

Fypar = 95:psi  (shear parallel to grain) " x 12" Curb w! 6" x 12" Scupper
E 1= 1600000 psi (Modulus of Elasticity) SECTION THRU TIMBER DE!
Densyimp = 50-pef  (Density of timber) Bit. Wearing Course

12" Treated Panels

e : . - (Nailed) = |y
Densy, = 150.pef (Density of bituminous) \\g' "I/'— rmxte Cap

Span:= 20.83-fi  {Span length, CL bearing to CL bearing)

=

=
= 4 N k12"

Width,y,, == 31?.083 ft (Width of roadway) “] i

Width,p, = 11.5in (Width of curb) /
&

Thickgee, i= 12-in  (Thickness of deck) =

. | /’
Wiimeai 2= 70-pll (Weight of timber rail) 12" dia.
e Timber —-—/
Thickye = 3.5in  (Thickness of Bituminous Weari Plis —
Coursea) SECTION THRU ABUTMENT

Width,p,jeqp = 14in (Width of abutment cap)
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Determine allowable unit stress for bending
Fg =FgXCyuxCyxCpxC,

Timber Adjustment Factors

CD = Load duration factor - Table 13.6.5A (\Veh LL, 2 months)
Cpi= 115

Cr= Bending Size factor - Art. 13.5.1A (3" x 12" lumber)
Cpi= L0

Cpy = Wet service factor - Per Table 13.5.1A (Assume all bridge timbers to exceed 19% moisture)

Cyp o= if{F-Cp < 1150-psi, 1.0,0.85)
Cyp=1 (For Bending)

C\ﬂ\' = 0.97 [FC“' Sh&ar)

C, = Repetitive member factor - Bending design value for 2" to 4" thick members in contact
C,= 115

Allowable unit stress for bending

Fopime = Fo-Cpup CorCr Gy Fpeime = 1157.19 psi
Determine allowable unit stress for shear

Fy=FyxCyxCp

Fyprime = Fupar Caty Co Fyprime = 105.97 psi
Determine Effective Span Length (3.25.2.3)

“'id[hahm:ap . .
Lefinin = Span — Widthpicapn + EE— Clear distance between abutment caps + 1/2 cap width
Leftmin = 20251t
Leffmax = Span = Widthgpecap + Thickgec Clear distance between abutment caps + floor thickness

Letrmax = 20,66 fi

Loy i iF(L,_\m,:i,. < Liginans Leffmin __L"_”im‘] Effective Span Length (AASHTO 3.25.2.3)

Lo = 20254t




Sheeat No.

Determine allowable unit stress for bending
Fg =FgXCyuxCyxCpxC,

Timber Adjustment Factors

CD = Load duration factor - Table 13.6.5A (\Veh LL, 2 months)
Cpi= 115

Cr= Bending Size factor - Art. 13.5.1A (3" x 12" lumber)
Cpi= L0

Cpy = Wet service factor - Per Table 13.5.1A (Assume all bridge timbers to exceed 19% moisture)

Cyp o= if{F-Cp < 1150-psi, 1.0,0.85)
Cyp=1 (For Bending)

C\ﬂ\' = 0.97 [FC“' Sh&ar)

C, = Repetitive member factor - Bending design value for 2" to 4" thick members in contact
C,= 115

Allowable unit stress for bending

2 of 4

Fopime = Fo-Cpup CorCr Gy Fpeime = 1157.19 psi
Determine allowable unit stress for shear

Fy=FyxCyxCp

Fyprime = Fupar Caty Co Fyprime = 105.97 psi
Determine Effective Span Length (3.25.2.3)

“'id[hahm:ap . .
Lefinin = Span — Widthpicapn + EE— Clear distance between abutment caps + 1/2 cap width
Leftmin = 20251t
Leffmax = Span = Widthgpecap + Thickgec Clear distance between abutment caps + floor thickness

Letrmax = 20,66 fi

Loy i iF(L,_\m,:i,. < Liginans Leffmin __L"_”im‘] Effective Span Length (AASHTO 3.25.2.3)

Lo = 20254t




Sheeat No.

Determine allowable unit stress for bending
Fg =FgXCyuxCyxCpxC,

Timber Adjustment Factors

CD = Load duration factor - Table 13.6.5A (\Veh LL, 2 months)
Cpi= 115

Cr= Bending Size factor - Art. 13.5.1A (3" x 12" lumber)
Cpi= L0

Cpy = Wet service factor - Per Table 13.5.1A (Assume all bridge timbers to exceed 19% moisture)

Cyp o= if{F-Cp < 1150-psi, 1.0,0.85)
Cyp=1 (For Bending)

C\ﬂ\' = 0.97 [FC“' Sh&ar)

C, = Repetitive member factor - Bending design value for 2" to 4" thick members in contact
C,= 115

Allowable unit stress for bending

2 of 4

Fopime = Fo-Cpup CorCr Gy Fpeime = 1157.19 psi
Determine allowable unit stress for shear

Fy=FyxCyxCp

Fyprime = Fupar Caty Co Fyprime = 105.97 psi
Determine Effective Span Length (3.25.2.3)

“'id[hahm:ap . .
Lefinin = Span — Widthpicapn + EE— Clear distance between abutment caps + 1/2 cap width
Leftmin = 20251t
Leffmax = Span = Widthgpecap + Thickgec Clear distance between abutment caps + floor thickness

Letrmax = 20,66 fi

Loy i iF(L,_\m,:i,. < Liginans Leffmin __L"_”im‘] Effective Span Length (AASHTO 3.25.2.3)

Lo = 20254t




Compute Live Load Distribution Width per AASHTO 3.25.2.2 Shest Mo, 3of4

Normal to direction of the span, wheel load shall be distributed as follows.

Plank floor 20" max.
.l,— by = Tire Width

- _\-|4D§ G‘I—/_ B ec
| T v:\f Tickness

L Wheel Load Distribution Width
Dy =y + 2t

—

Pypeer = 16-k  (HS20 wheel load)

0.01
TCA = ~— Py TCA= 160-in° Tire Contact Area (3.30)
-psi
by = +f 35 TCA (Width of tire contact transverse to span for H520-44 truck) b, = 20in
Dy = b+ (2. Thicky,y)  (Wheel load distribution width transverse to deck) D,, = 44 in
(D = b, + [2 x Deck Thickness])
Dead Loads
DL of Timber Deck DLyggey, = Dy Thicky, - Densyy, DL jegy, = 183.33pIf
DL of Rail (Assume dead load of railing system is uniformly distributed across the deck width)
W airr 2D,
DLy ——— e ¥ DLy = 15.1plf
Width g + { Widihg,2)
DL of Wearing Course DLy = Dy Thickye Densy;, DLy = 160.42 plf
Total Dead Load of DLy = DLy + DLy + Dlye DLy = 358.85 plf
superstructure
Compute Dead Load Moment
DLyl
W Lot
Mpy = —-r-éi Mp, = 1830ftk  OF

R Mpy = 22065262 in-1bf
Compute Live Load Moment o

HS20 Truck Moment per AASHTO App. A (Note that Live load moments in App. A are
based on one lane without impact)

For Span = 20 feet My = 160-kit
For Span = 21 feet Mz = 168-kil
[21-ft- Loy
Therefore for Span = 20.25 feet My = 1as-kﬁ—[mﬁ-[m,.[_z - }\.1|.|_|_‘,|:|

My = 161.9Tkit OF

My = 1943680 in- Ibf

Mt (Moment heel 18401
M]J.V.-'hnnl:=T (Moment per wheel) nj, .. = 971840 Ibf
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Compute Live Load Distribution Width per AASHTO 3.25.2.2 Shest Mo,

Jof4
Normal to direction of the span, wheel load shall be distributed as follows.
Plank floor 20" max.
.l,— by = Tire Wicth
= f =3 =t
l _\-|»H__ <o|—/|_ Deck
T Thickness (t)
< (TEETTTTPNITEITT < i
I o |
L Wheel Load Distribution Width
Dy =y + 2t
Popeer = 16-k (HS20 wheel load)
0.01 . L2 X
TCA = ﬁ'},*‘“"' TCA = 160-in Tire Contact Area (3.30)
-psi
by = +f 35 TCA (Width of tire contact transverse to span for H520-44 truck) b, = 20in
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Compute Dead Load Moment
DLyl
W Leogt
My, = —--*—ra = My = 18304tk OF
et s

Compute Live Load Moment
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. SheetMa. 4of4
Section Modulus of deck e

e 2
Dy Thickgeg - 3
Section Modulus : Sieck = %ﬂﬂ Seck = 105610
i

Calculate Inventory and Operating Ratings of deck based on flexure

Calculate Inventory Level Rating

M .
LS (Dead load bending stress ) o, = 208.95 psi

fipp =
bDL
Sieck

My Lwhes
fig 1= el {Live load bending stress ) foup = 9203 psi
%

Calculate Operating Rating Factors for bending in deck

Frgrime — fapL )
1 % RFjeg = 103
BLL

{Fiagrimer 1-33) = fupr

RF ey 15— RF e = 143
beL
Inventory Rating
II'Ib'Ha-Imu: R.qu]('zﬂ HS In%il‘ll= 21
Operating Rating _ _
OPtating = RF pgeen 20 HS C’!’F{almg= 29

Note: Rating for shear will not control over rating for flexure when rating
nail laminated bridge decks




. SheetMa. 4of4
Section Modulus of deck e

e 2
Dy Thickgeg - 3
Section Modulus : Sieck = %ﬂﬂ Seck = 105610
i

Calculate Inventory and Operating Ratings of deck based on flexure

Calculate Inventory Level Rating

M .
LS (Dead load bending stress ) o, = 208.95 psi

fipp =
bDL
Sieck

My Lwhes
fig 1= el {Live load bending stress ) foup = 9203 psi

\

Calculate Operating Rating Factors for bending in deck

Frgrime — fapL )
1 % RFjeg = 103
BLL

{Fiagrimer 1-33) = fupr

RF ey 15— RF e = 143
beL
Inventory Rating
II'Ib'Ha-Imu: R.qu]('zﬂ HS In%il‘ll= 21
Operating Rating _ _
OPtating = RF pgeen 20 HS C’!’F{almg= 29

Note: Rating for shear will not control over rating for flexure when rating
nail laminated bridge decks




. Shest No. 4 oféd
Section Modulus of deck GBS L

e 2
Dy Thickgeg - 3
Section Modulus : Sieck = %ﬂﬂ Seck = 105610
i

Calculate Inventory and Operating Ratings of deck based on flexure

Calculate Inventory Level Rating

Mpy,

fopL == (Dead load bendiﬁg stress ) fhpa, = 208.95 psi
Srh:u:lc
ML Whee
fig 1= el {Live load bending stress ) foup = 9203 psi
M
—

Calculate Operating Rating Factors for bending in deck

Frgrime — fapL )
1 % RFjeg = 103
BLL

{Fiagrimer 1-33) = fupr

RF ey 15— RF e = 143
beL
= 0
Inventory Rating
II'Ib'Ha-Imu: R.qu]('zﬂ HS In%il‘ll= 21
Operating Rating . .
OPtating = RF pgeen 20 HS C’!’F{almg= 29

Note: Rating for shear will not control over rating for flexure when rating
nail laminated bridge decks




. SheetMa. 4of4
Section Modulus of deck e

e 2
Dy Thickgeg - 3
Section Modulus : Sieck = %ﬂﬂ Seck = 105610
i

Calculate Inventory and Operating Ratings of deck based on flexure

Calculate Inventory Level Rating

M .
LS (Dead load bending stress ) o, = 208.95 psi

fipp =
bDL
Sieck

My Lwhes
fig 1= el {Live load bending stress ) foup = 9203 psi
%

Calculate Operating Rating Factors for bending in deck

Frgrime — fapL )
1 % RFjeg = 103
BLL

{Fiagrimer 1-33) = fupr

RF ey 15— RF e = 143
beL
__
Inventory Rating
II'Ib'Ha-Imu: R.qu]('zﬂ HS In%il‘ll= 21
Operating Rating _ _
OPtating = RF pgeen 20 HS C’!’F{almg= 29

Note: Rating for shear will not control over rating for flexure when rating
nail laminated bridge decks




simple Span Nall Larminatecd
Timber Deck Example #2
(with distress)
* A simple span nail laminated bridge, two lanes.
e 32'-1" roadway, Span length = 20'-10"

e Timber dimensions were field measured
(actual)

Good maintenance and inspection




Simple Span Nall
Timber Deck Example #2
(With distress)

/1

 Average wear course thickness of 6.5¢
° 0 degree skew
 Timber species: Douglas fir-larch No. 2

 Deck is found to be missing spreader beams
and there is evidence of Ioss of inter-




* Bituminous wearing course is cracked or
otherwise broken from excessive transverse

and longitudinal deflections.

* Engineer must recompute Live Load
distribution width assuming non-
interconnected nail laminated floor




MINMESOTA DEPARTMENT OF TRANSPORTATION Sheet Mo. 1 of4
Bridge Mo. 1885
ASR TIMBER LONG'TU‘DINAL NAIL Made By  Beam
LAMINATED DECK RATING WORKSHEET #2 Checksy
(Missing spreader beams) Date 3lalos
Location: Rye Rd. over Bourbon Creek
Given information: - A simple span nail laminated bridge, two lanes.
- 321" roadway, Span length = 20'-10"
- Timber dimensions were field measured (actual)
- Good maintenance and inspection
- Year built 1966
- Average wear course thickness of 6.5"
- 0 degree skew
- Timber species: Douglas fir-larch No. 2, (coastal
H 3
- Deck is found to be missing spreader beams
and there is evidence of loss of inter-connection
between nail laminated lumber
- Bituminous wearing course is cracked or
otherwise broken from excessive transverse
and longitudinal deflections.
- Engineer recomputes Live Load distribution
width assuming non-interconnected nail
laminated floor
Unit Definitions
k=1000f kst =100028  wr=t00PL e 10000 ka=rcoomen  kei= 22000 = 20001
2 fi 3 m-in
) fi
Input
Reference AASHTO Table 13.5.1A
Species: Douglas fir-larch (coastal region) Tmber Rl
Commercial Grade: No. 2 I -0 e K
Size Class: 2" and wider 11:_1=2,_ szt 11'_“:2,
S _ [+
Fp:= 875-psi  (bending) | . 65" Ave, BIL WG
Fyperi= 95-psi  (shear parallel to grain) 7 Thicknass
T 5 5 11

E := 1600000 -psi(Modulus of Elasticity)

L 12" Treated Panels (Nailed)

Detsns = 50-pef  (Density of timber)
Densyy == 150pef  (Density of bituminous)

Span = 20.83-ft  (Span length, CL bearing to CL bearing)

6" x 12" Curb wi 8" x 12" Scupper
SECTION THRU TIMBER DECK




Input {cont SheetNo. 2of4

Widthyga, i= 32.083-ft  (Width of roadway)
: 12" Treated Panels Bit. Wearing Course

Widthyp, := 11.5-in (Width of curb) (Nailed =] y ai—
-\\5 ‘-I'/F 14"x14" Cap

Thickge = 12:in  (Thickness of deck) -

3"x12”

Worimmail = 70-plf  (Weight of timber rail) 3512
acking

Thickye = 6.5in  (Thickness of Bituminous Wearing Course)

Width,pyeqy == 14dn (Width of abutment cap)

.

7

Determine allowable unit stress for bending 1z~ gia. =

Timber
Pile —

Fg =FgxCyxCpxCpxC,

Timber Adjustment Factors

Cp, = Load duration factor - Table 13.5.54 (Veh LL, 2 months)
Cpi= 115
Cg = Bending Size factor - Art. 13.5.1A (3" x 12" lumber)
Cp:= 10
G, = Wet service factor - Per Table 13.5.1A (Assume all bridge timbers to exceed 19% moisturs)
Cygp o= if(Fg-Cp = 1150-psi, 1.0,0.55)
Chgp =1 (For Bending)
Chgy == 0.97 (For Shear)

C, = Repetitive member factor - Bending design value for 2" to 4” thick members in contact

C,= 115

Allowable unit stress for bending

FR"prime = Fp-Cupy Cpr Oy F'BDrimu = 1157.19 psi

Determine allowable unit stress for shear
Fy=FyxCyxCph
Fupeime = 105.97 psi

I:Vprimu = F\"pm Civ'Cp

Determine Effective Span Length (3.25.2.3)

Widthypen )
Lefiin ©= Span = Widthpyey + ————  Clear distance between abutment caps + 1/2 cap width

= 20.25#

Lepimin =




Sheet Mo. 3of4

L Clear distance between abutment caps + floor thickness

= Span — Widthyppeqp + Thickge,

elTimax

ety = 20,66 fi

Lemr = if{"el’l’mirx = I’e|rl:|alc>I‘Eﬂhllll‘['elrllm] Effective Span LBI‘Ig[h ({AASHTO 3.25.2.3)

Ly = 2025t

Compute Live Load Distribution Width per AASHTO 3.25.2.2

Mormal to direction of the span, wheel load shall be distributed as follows.
Plank floor 20" max.

Pypeer 1= 16:k  (HS20 wheel load)

TCA = ?ﬂ et TCA = 160-in° Tire Contact Area (3.30)
P
by =+ 2.5-TCA (Width of tire contact transverse to span for HS20-44 truck) b, = 20in
Dy, = by + {Thickg) {Wheel load distribution width transverse to deck Dy, = 32in
assuming non-interconnected nail laminated
floor) (D, = by + Deck Thickness)
Dead Loads
DL of Timber Deck DLy = Dy Thickgy - Densgqn DLy = 13333 pIf
DL of Rail (Assume dead load of railing system is uniformly distributed across the deck width)
W a2y,
DLy = e DLy = 1098 pif
Widthgy,y, + (Widthg,q,2)

DL of Wearing Course DLy o= Dy Thicksyo Densy,, DLy = 216,67 pIf
Total Dead Load of  DL;:= DLy, + DL + DLy DLy = 360.98 pIf
superstructure

Compute Dead Load Moment

DLy-Log”
Mpy = r— Mp = 185fik  Or

Mpy = 221963,76 in-Ibf




Compute Live Load Moment Sheet No. 4 of4

HS20 Truck Moment per AASHTO App. A (Note that Live load moments in App. A are
based on one lane without impact)

For Span = 20 feet Myy = 160-kft
For Span = 21 feet Mz = 168-kft
21-fi - L,
Therefore for Span = 20.25 feet My o= 168:Jft= {—”-{Mm - M1_1_|]]
21-ft — 20-fi
My = 161.97kit OF
My = 1943680 in-Ibf
M -
My | el = q"" (Moment per wheel) M|, i = 971840 in:b{
Section Modulus of deck
3
< Thi e .
Section Modulus : Sk == w Seck = '.-‘E.Fh'ﬂ3

Calculate Inventory and Operating Ratings of deck based on flexure

Calculate Inventory Level Rating

M
fipL = EP!‘- {Dead load bending stress ) finr. = 289,02 psi
S

M w
forp = I:I'MEEI (Live load bending stress ) fiLL = 1265.42 psi

Sdeck

Calculate Operating Rating Factors for bending in deck

Frgprime = ot
RF gy 1= ﬂ:ar":-riﬂ RFjgecy = 0.69
bLL

(Faprime 133} — fome i s
REqgge = m—f"_'_ RFpgpcl = 0.99
BLL

Inventory Rating

I1VRaring = R jgery 20 HS  ivimine = 34'_

Operating Rating
L.JPRMl:lg:: RF ey 20 HS Opllming= 20

Mote: Rating for shear will not control over rating for flexure when rating
nail laminated bridge decks

- Since the Operating Raling is less than Hi‘S28i you need to consider Eostinﬁ.
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