Workshop Agenda

VIll. Load Rating Example #2

»  Simple Span Nall Laminated Timber Deck
{without distress)

IX. Class Exercise
= Simple Span Nail Laminated Timber Deck
(with distress)

X. ~ Review of worked out examples

X!. Submittal to MN/DOT and Review of
Process

Xii. Common mistakes and questions

Simple Span Nail Laminated
Timber Deck Example
(without distress)
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Nail Laminated Timber Deck
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Nail Laminated Timber Deck

Simple Span Nail Laminated
Timber Deck Example
(without distress)

« A simple span nail laminated bridge,
two lanes.

« 321" roadway, Span length = 20°-10"

* Timber dimensions were field
measured (actual)

+ Good maintenance and inspection

Simple Span Nail Laminated
Timber Deck Example
(without distress)

+ Deck in new condition

* Year built 1966

» Average wear course thickness of 3.5”
* 0 degree skew )

* Timber species: Douglas fir-larch No. 2
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Simple Span Nail Lamihated
Timber Deck Example #2
(with distress)

+ 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

* Year built 1966

. ¥
N

i,



Simple Span Nail Laminated
Timber Deck Example #2
(with distress)
+ 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 loss of inter-
connection between nail laminated lumber

Simple Span Nail Laminated
Timber Deck Example #2
(with distress)
» Bituminous wearing course is cracked or

otherwise broken from excessive transverse
and longitudinal deflections.

» Engineer must récompute Live Load
distribution width assuming non-
interconnected nail laminated floor
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2008 BRIDGE RATING CLASS 101

Timber Basics

Sawn Lumber Beams:
- - Typically 4” to 8” wide, 12” to 18 deep with spans up to 25°; beams spaced 2° to 6° apart.
Glue Laminated Beams: |

- Manufactured from 1-1/2” or 1-3/8” thick lumber laminations with waterproof adhesives.
- Beam widths from 3” to 14-1/4” with depths limited only by transportability. Spans range from
20’ to 80°.

- Longitudinal Deck Superstructures:

- Glulam Panels :
- Glue laminated longitudinally .
- Panels are 6-3/4” to 14-1/4” deep and 42” to 54” wide
- Nail or Spike laminated Panels
- Uses 2” to 4” wide sawn lumber, 8”-16” deep, nailed or spiked together
- Clear spans for longitudinal decks up to 36

Spreader 3eams:

- Stiffener beams placed across the deck width to distribute live loads among the individual
panels. ~
- Spreader beams are placed at mldspan and at 1ntermed1ate spacmgs not to exceed 10 feet.

Timber Substructures:

- Abutments:
- Pile abutments (See Photo 1 below); superstructure is supported on timber piles (20 to
32 tons capacity) with average pile length from 30 to 65 feet.
- The superstructure is connected to the piles by a continuous cap attached to the piles
and superstructure.

- Piers: , :

- Bents used for multiple-span crossings. Constructs of timber piles with bracing to 4
provide stability and resist lateral loads. The superstructure is connected to the pilesbya
continuous cap attached to the piles and superstructure (See Photo 2 below).

Phyéical Prdperties:

- Density — 50 pcf used for design.
- Durability - Keep dry, with moisture content below approximately 20%
- Wood fully saturated with water does not decay
- Decay needs air, water, and temperature
- Chemicals used for preservative treatment have little or no effect on strength



Mechanical Properties: '

- Directional Characteristics: ,
- Compressive strength parallei to grain may be 5 to 10 times greater than that
perpendicular to the grain.
- Modulus of Elast1c1ty (E) parallel to the grain is 10 to 25 times that perpendlcular to the
grain

- Resistance to Shear Loads: , ,
- Shear strength parallel to grain has a relative low value. Shear strength across the grain
is never considered, since its value is high and failure will occur first in shear parallel to-

grain

- Resistance to Repeated Loads:
- Fatigue strength of wood is often several times that of most metals. Repeated loads are
generally of little concern. Fatlgue is not normally a consideration in timber bndge
design.

- Resistance to Rapidly Applied or Long-Continued loads:
- The load that will cause failure in a member that must carry loads continuously for long
periods of time is much less than the load that would cause failure in a few minutes
- i.e. A member under continuous action of bending stress for 10 years will carry only
about 60% of the load under which the same member would fail in a few minutes

Effects:

- Moisture - Hi gher properties at the lower moisture contents.

- Temperature - Properties increase with cooler temps, decrease with hotter temps. Temp effects
are recoverable in short durations. Temps greater than 150 .deg F for extended periods will result
in permanent reduction in strength. '
- Decay - Delay effects can be several times greater than usual observations. 50% 70% strength
loss with corresponding weight loss of 3%. :

- Ultraviolet - Degradation is very slow — %" per century — no serious effects on properties

Adjﬁstments to Tabulated Design Values (standard conditions):

- When actual conditions vary from standard COIldlthl‘lS tabulated values must be adjusted by the
appropriate factors. :

“Factors”:  Cy — Moisture content (wet use factor)
- Cp — Duration of load
Cr — Size factor
C¢— Form factor
Cp — Lateral stability of beams '
Cp — Lateral stability of columns



Applicable Factors for Strength Properties:

- Bending Fhi CD, CM, CF, Cf, CL
- Compression F.: Cp, Cy, Cp
- Horizontal shear F,: Cp, Cu
- Modulus of Elasticity E: Cy

NOTE: Demgn values are for 10 year load and dry service conditions

(Cp)—
(Cw) -

(Ce) -

(Cf) -

(Cy) -

(Ce) -

When the load is apphed for perlods other than 10 yrs, tabulated stresses are multiplied
by Cp in AASHTO Table 13.5.5A. For vehicle live load, Cp = 1.15

Use when moisture content is expected to exceed 19%, per AASHTO Art. 13.5.5.1.1, C
values given in footnotes of Table 13.5.1A.

For rectangular sawn lumber, bending members 5 inches or thicker and greater than 12”
in depth, reference AASHTO 13.6.4.2.2

Cr=(12 /d) "

d = member depth in inches .

Form factor, tabulated bending stresses are based on members with square and
rectangular cross sections. For round sections, stresses must be modified by the form
factor Cyper AASHTO 13.6.4.5. ' ' »

Cr = 1 18 -

When members are not adequately braced, tabulated bending stress shall be mochﬁed by
C;. When there is no danger of lateral buckling, Ci, = 1.0. :
- Other cases use AASHTO 13.6.4.4.3

When a compression member is supported throughout its length to prevent dlsplacement
Cp=10perAASHT0137332 :
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2008 BRIDGE RATING CLASS 101

'DESIGN OF TIMBER SUPERSTRUCTURE BASICS

LOADS
Dead Loads (permaﬁent wt)

- Steel - 490 Ib/ft
. - Barth - 120 Ib/ft
- Compacted gravel - 140 Ib/ft
- Timber - 50 1b/ft
- Bit. - 150 Ib/ft
- Conc. - 150 1b/ft

- Dead loads are commonly assumed to be uniforinly distributed along the length ofa structural ,
member (beam, deck panel, etc). ‘

Live Loads (vehlcular)

Terms: '

- Gross vehicle wt (GVW) — is the maximum total weight of vehicle

- Axle load — is the total weight transferred through one axle

- Axle spacing — is center-to-center distance between axles

- Wheel load —is one half the axle load

- Wheel line — is series of wheel loads measured along the vehicle length, one-half GVW
- Track width — is the center-to-center distance between wheel lines.

Standard vehicle loads

- AASHTO specifications provide 2 systems of standard vehicle loads: H loads and HS loads.
Each system consists of individual truck loads or lane loads. ’

H Truck loads:

H 15-44
H 20-44

- Represents a two axle truck designated by the letter H followed by the first number indicating
. the GVW in tons. .

- The second number “44” indicates the year the load was adopted by AASHTO (1944). The
weight of an H truck assumes 2/10™ weight to front axle, 8/10' to rear axle. Axles are spaced at
14’ with track width of 6°.



HS Truck loads:

*, W
Rt

HS - 15-44
HS —20-44

- Represent a two axle'truck with a one-axle semi-trailer. The configuration and weight of the HS
truck is identical to the corresponding H load. The additional semi-trailer axle is equal in welght
to the rear truck axle and is spaced at a vanable distance of 14 to 30°.

Traffic Lanes:

- Vehicle live loads are applied in design traffic lanes that are 12” wide. The number of traffic
lanes depends on the width of the bridge roadway. Fractional parts of design lanes are not
perm1tted

- Each traffic lane is loaded with one standard truck or one standard lane load, regardless of the
bridge length or number of spans. The standard loads occupy a 10” width within the lane. Traffic
lanes and vehicle loads in lanes are positioned laterally on the bridge to produce the maximum
stress. Traffic lanes cannot overlap.

- The number of trafﬁc lanes to be loaded should be in conformance with AASHTQ and the
following:

- Rdwy 18’ to 20°, should have two design lanes
- Rdwy less than 18’ should carry one traffic lane -

e /

Reduction in Load Intensity

- When live load stress is based on a number of traffic lanes simultaneously loaded, the
following percentages of live loads may be used in view of the improbability:

- One or tWo lanes — 100%
- Three Ianes — 90%
- Four lanes or more — 75% _

- AASHTO also specifies an alternate military loading. This hypothetical loading consists of two
24,000 Ib axles spaced 4” apart. There is no lane load for military loading.

Lane Loads:

- Adopted by AASHT O to provide a simpler method of calculating moments and shears to
- simulate a train of trucks on the bridge.

- AASHTO spécs include a lane load for HS20-44. The uniform load is 640 Ibs per linear foot of
load lane with concentrated loads for shear and moment.

R



Modification to Staﬁdard Loads

- There may be instances when the standard vehicle loads do not accurately represent the design
loading required for a bridge.

- For example, in 1989 live loading for State Aid bridges was revised to HS25 from the previous
HS20 loading. Since 1944, when HS20 was established, truck weights have continued to increase
along with allowable legal loads in response to trucking industry requests. In fact, the legal load
in Minnesota allows trucks which exceed the HS20 design load by up to 10%.

- FYT: Cost imports of revising to HS25 resulted in a weighted average cost increase of 4.0% for
bridges.

Distribution of Live Loads

- The fraction of live load transferred to a single member should be per AASHTO design specs.
.See AASHTO table 3.23.1 Distribution of Wheel Loads.

- Ref. AASHTO art. 3.25.2 Live Load Distribution for plank and nail laminated longitudinal
flooring.

Impact (Dynamic / Vibratory Effects) _
- Impact should be added to the live load for rating per AASHTO 3.8.

- Note: Becausei timber’s ability to absorb shock and loads of short duration, AASHTO does not
require an impact factor for timber bridges (AASHTO standard specs only).
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MINNESOTA DEPARTMENT OF TRANSPORTATION Sheet No. 1o0f4
Bridge No. 1895

ASR TIMBER LONGITUDINAL NAIL MadeBy ~Beam
LAMINATED DECK RATING WORKSHEET  checksy

Date 3/4/08
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 flr-larch No. 2, (coastal
region)
Unit Definitions
k=1000bf  ksf = 100025 af = 1000 e 10002 it = 1000-Ibf-£ Ksi = 2000 0T 2000-Ibf
ft2 ft ft3 in-in
M : Timber Rail
' P 34 -0”
Reference AASHTO Table 13.5.1A ~
11-1/2” 32 1"

Species: Douglas fir-larch (coastal region) |¢'<
Commercial Grade: No. 2
Size Class: 2" and wider

” Min. By 5” Max. Bit. WC

12” Treated Panels (Nailed)
6” x 12” Curb w/ 6” x 12” Scupper

{ (Modulus of Elasticity) SECTION THRU TIMBER DECK

(bending)

(shear paraliel to grain)

(Density of timber) 12” Treated Panels Bit. Wearing Course
Nailed
(Density of bituminous) (Naile )w ra——
14”x14” Cap
(Span length, CL bearing to CL bearing) 4
Y
(Width of roadway) N 3"x12”
- 4 Backing
| (Width of curb) / '
(Thickness of deck) ) /
\ 4
(Weight of timber rail) 12” dia.
: ) T!mber ——/
(Thickness of Bituminous Wearing Pile -—
Course) » T BUT

(Width of abutment cap)



Sheet No.

Determine allowable unit stress for bending

Fg =FgxCyXxCphXxCpxC,

Timber Adjustment Factors

Cp = Load duration factor - Table 13.5.5A (Veh LL, 2 months)
Cp:=1.15

Cr = Bending Size factor - Art. 13.5.1A (4" x 14" lumber)
CF =1.0

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

Cyp = if(FB-CF < 1150°psi,1.0,0.85)
Cyp =1 (For Bending)

Cymy = 0.97 (For Shear)

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

C,:=1.15

Allowable unit stress for bending

Fpprime = Fp:Cymp Cp Cr Cr _ Fpprime = 1157.19 psi

Determine allowable unit stress for shear

Fy = FyxCyx Cp

F Vprime -~ 1:“Vpar'CMv'CD . ) FVprime =105.97 psi

Determine Effective Span Length (3.25.2.3)

Widthabutcap
2

Letmin == Span — Width,pca, + Clear distance between abutment caps + 1/2 cap width
Legimin = 20.25ft
Leffmax = Span — Widthypycap + Thickgec Clear distance between abutment caps + floor thickness

Leffinax = 20.66 ft
Legr = if (Leffmin < Lefﬁnax,Lemnm,Lefﬁnax) Effective Span Length (AASHTO 3.25.2.3)

Legr = 20.25-ft

20f4



Compute Live Load Distribution Width per AASHTO 3.25.2.2 Sheet No. 3 of4

Normal to directidn of the span, wheel load shall be distributed as follows.
Plank floor 20" max.
=t —/— =t
| _\—{« — Deck
—4— Thickness (t)
< [T Ili v '

L Wheel Load Distribution Width

= Tire Width

= bt + 2t
Poneer = 16000-Ibf (HS20 wheel load).
- 0.01 2 .
TCA = —l—f-Pwheel TCA =160-in Tire Contact Area (3.30)
‘psi ‘ .
b= \/ 2.5-TCA (Width of tire contact transverse to span for HS520-44 truck) b, =20in
D, = by + (2-Thicksex) ~ (Wheel load distribution width transverse to deck) D,, = 44in
(D, = b + [2 x Deck Thickness])
Dead Loads
DL of Timber Deck DLdeck = Dw'Thickdeck-Densﬁmb ] DLgeck = 183.33 p]f
DL of Rail (Assume dead load of railing system is uniformly distributed across the deck width)
W o2
DLy = e Y DL, = 15.1plf
Width,gy,y + (Widthy2)
DL of Wearing Course DLy := Dy Thickyc-Densy; DLy = 160.42 plf
Total Dead Load of  DL;:= DLy + DL, + DLyc DLy = 358.85plf
superstructure
Compute Dead Load Moment
2
DLy Legr

MDL = “"8— : MDL =1839ftk OF

b

Compute Live Load Moment

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 M= 160-kft
For Span = 21 feet My, = 168-kft
Therefore for Span = 20.25 feet My = 168-kft - [%-(MLLZ - MLU)]

My = 161.97kft OF
My : My = 1943680 in-Ibf
ML Wheel = T (Moment per wheel) M,

caid




-Sheet No. 40of4

Section M'odulus of deck

. 2
. D,,: Thickgegy .3
Section Modulus : Sdeck = —lv——6— Sdeck = 10561in

Calculate Inventory and Operating Ratings of deck based on flexure

Calculate Dead and Live Load bending stresses

M
fipL = oL (Dead load bending stress ) fiypr, = 208.95 psi
Sdeck v
M
forL = -—-]é]‘—w—l—’fﬂ (Live load bending stress ) forr = 920.3 psi
deck

Calculate Inventory and Operating Rating Factors for bending in deck

_ Fprime = fopL
RFygecy = ————
forL

(FBprime'1'33) - fbDL

forL

RFogeck =

Inventory Rating

InVRating = RFgeck 20

Operating Rating

OpRating *= RFodeck 20

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



MINNESOTA DEPARTMENT OF TRANSPORTATION Sheet No. 1 of 4
Bridge No. 1895

ASR TIMBER LONGITUDINAL NAIL Made By ~Beam
LAMINATED DECK RATING WORKSHEET #2 checksy

(Missing spreader beams) Date  3/4/08

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
- Year built 1966
- Average wear course thickness of 6.5"
- 0 degree skew
- Timber species: Douglas fir-larch No. 2, (coastal
region)
- Deck is found to he 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=1000-1bf  ksf = 1000- Tof kif = 1000-1bf kef = 1000- Tof kft = 1000-1bf - ft ksi = 1000-Ibf

ftz ft th3

in-in

input

Reference AASHTO Table 13.5.1A
Species: Douglas fir-larch (coastal region)

Commercial Grade: No. 2 | 347 — g
Size Class: 2" and wider

Timber Rail

11-1/2” 32— 17

(bending) I"I‘ -

6.5” Ave. Bit. WC
. Thickness
(shear parallel to grain) |é
Z

5 5 0 g

Modulus of Elasticity)

12” Treated Panels (Nailed)

(Density of timber
y ) 6” x 12” Curb w/ 6” x 12” Scupper

Density of bituminous) SECTION THRU TIMBER DECK

A(Span length, CL bearing to CL bearing)

ton = 2000-1bf




Input (cont) Sheet No. 2of4

(Width of roadway)

{Thickness of deck)

(Weight of timber rail)
(Thickness of Bituminous Wearing Course)

(Width of abutment cap)

J 31_0\ ‘IA 2!_0” R

Determine allowable unit stress for bending  12” gia. ~

Timber
Pile _—

E B NT

Fg =FgxCpyXxCpxCpxC,

Timber Adjustment Factors

Cp = Load duration factor - Table 13.5.5A (Veh LL, 2 months)
Cp:= 1.15

Cr = Bending Size factor - Art. 13.5.1A (4" x 14" lumber)
Cr:=1.0

C,; = Wet service factor - Per Table 13.5.1A (Assume all bridge timbers to exceed 19% moisture)
Cyp = if(Fp-Cr < 1150-psi, 1.0,0.85)
Cwvp =1 (For Bending)
Cmy := 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

FBprime = Fp:Cmp Cp'Cr Gy Fpprime = 1157.19 psi -

Determine allowable unit stress for shear

Fy = FyXxCyxCp

FVprime = FVpar'CMv'CD FVprime =105.97 psi

Determine Effective Span Length (3.25.2.3)

Widthabutcap

5 Clear distance between abutment caps + 1/2 cap width

Leffmin := Span — Widthabutcap +

Leginin = 20.25ft

‘ 12” Treated Panels Bit. Wearing Course
1y (Width of curb) (Nailed)-|¥ e

14”x14” Cap

3”x1 2”
Backing



Sheet No. 3of4

Leffnax := Span — Widthypucap + Thwk?“" Clear distance between abutment caps + floor thickness

Legfinax = 20.66 ft
Log = if (Leffmin < Lefﬁnax,Lefﬁnm,Lefﬁm) Effective Span Length (AASHTO 3.25.2.3)

Legr = 20.25-ft

Compute Live Load Distribution Width per AASHTO 3.25.2.2

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

Pyheel = 16000-1bf (HS20 wheel load)

TCA := TO'—OL,-Pwheel TCA = 160-in” Tire Contact Area (3.30)
psi .
by :=+/2.5-TCA (Width of tire contact transverse to span for H820-44 truck) b, =20in
D,, = by + (Thickye) (Wheel load distribution width transverse to deck D,, = 32in
assuming non-interconnected nail laminated
floor) (D, = b, + Deck Thickness)
Dead Loads |
DL of Timber Deck DLdeck = Dw-Thickdeck-Densﬁmb DLdeck = 133.33 plf
DL of Rail {Assume dead load of railing system is uniformly distributed across the deck width)
) W nai-2-D.
Liail = Tmted - = DLy = 10.98 pIf
Width, gy + (Widthygr2)
DL of Wearing Course DLy := Dy, Thickyc-Densy;; DLy = 216.67 plf
Total Dead Load of  DL;:= DLy + DL + DLy DLy = 360.98 plf
superstructure

Compute Dead Load Moment

2
DL1-Legr
MDL = T MDL= 18.5ftk or




Compute Live Load Moment SheetNo. 4 of 4

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-kft

For Span = 21 feet Mj, = 168-kft

Therefore for Span = 20.25 feet M = 168-kft — {%-(Mm - MLU)}
M = 161.97kft OF
My = 1943680 in-Ibf

M
M| Wheel = -EL-E (Moment per wheel)

Section Modulus of deck

2
] Dy, Thickgeck .3
Section Modulus : Sdeck = % Sdeck = 768 1in

Calculate Inventory and Operating Ratings of deck based on flexure

Calculate Dead and Live Load bending strésses

M
fipL = DL {Dead load bending stress ) fypr = 289.02 psi
: Sdeck
M
forL = ;LWhee] (Live load bending stress ) forr, = 1265.42 psi
deck

Calculate Inventory and Operating Rating Factors for bending Vin deck

. FBprime - fbDL
RFjgeck = —————
forL

(FBprime' 1 -33) - fipL

forL

RFogeck =

Inventory Rating

InVRating := RFgeck 20

Operating Rating

Op’Rating = RFogeck' 20

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

- Since the Operating Rating is very close to HS20, you may need to consider
posting :





