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AASHTO LRFD Loadings
1

Single-span, Multi-Lane
SP Stringer w/ 5" Deck Bridge Design

USDA Forest Service

LOADING DATA

wearing_surface := 6in

design_load = HL93 Strength_limit:= 1

BRIDGE GEOMETERY

NLZIZ

(number of lanes)

Nb =6

(number of beams)

design_span := 50ft stringer_spacing := 53in

roadway_width := 24ft  deck_thickness := 5-in
dia_spacing := 12ft brg_lgt := 14in

beam width b := 8.5in
beam depth d := 44in

STRINGER SIZE AND PROPERTIES & DESIGN VALUES:
Glulam Comb. 24F-V3, Species SP (AASHTO Table 8.4.1.2.3-1)

2 3
b-d b-
S, = — l, = — A= b-d Ay, ;= b-brg_lgt
X 6 X 12 AW b g_19
. 3 .4 .2 .2
Sy = 2742.67-in l, = 60338.67-in A = 374-in Ap = 119-in
Fog = 2422 Fo = 7230022 Fopo i~ 7402 E, = 18000002
in2 in in2 in2
WOOD ADJUSTMENT FACTORS - LRFD 8.4.4.1
Moisture Content Factor : LRFD Table 8.4.4.3-2 Cm_b =1 Cm_v =1
Stringers are assumed to have an _ _
in-service moisture content of 16% or less. Cm_cp = .53 Cm_E =1

All Cm values except Fcp shall equal 1

\olume Factor: LRFD 8.4.4.5 by = 8.5in (note :widest board if staggered layup is used)
1
o . [(12in) (5125in 2t V]2
v d by design_span C, = 0.875
Time Effect Factor: LRFD 8.4.4.9 Cy:=08
Beam Stability Factor :LRFD 8.6.2 CL=1
Assume compression zone is completely supported
Bearing Factor ; LRFD Table 8.8.3-1 Cp:=1



USDA Forest Service AASHTO LRFD Loadings
Single-span, Multi-Lane

SP Stringer w/ 5" Deck Bridge Design

ADJUSTED DESIGN VALUES-LRFD 8.44.1

Resistance factors - LRFD Table 8.5.2.2 O =085
c 25
Conversion Factors : LRFD Table 8.4.4.2 KFb = ¢_m
Fb = Fho CkFb Cm_bCv'Cx
Fv:= Fyo Ckry Cm_vCx
Fep = Fepo CkE_cPCm_cp O

E=EyCm E

FACTORED RESISTANCE

Flexure

M, := Fb-S,-C|_
M, := oM,
Shear

_ Fv(b-d)
n- 1.5

Vy = by Vy

Compression

Pn = Fcp-Ab~Cb

Pri= depPp

by = 0.75

Ckpy=——

6/11/2020

bgp = 0.9
ij CkF cp= i;;
Fb = 4.94-ksi
Fv = 0.576-ksi
Fcp = 0.732-ksi
E = 1800-ksi

M, = 1129.22-ft-kip

M, = 959.83-ft-kip

V), = 143.62-kip

V, = 107.71-kip

P, = 87.12-kip

P, = 78.41-kip
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USDA Forest Service AASHTO LRFD Loadings 6/11/2020
Single-span, Multi-Lane 3
SP Stringer w/ 5" Deck Bridge Design

INTERIOR STRINGER DESIGN :

LRFD Table 3.5.1-1 WTood = 50pcf WTsphalt := 140pcf

Dead load and Moments for Components (deck, stiff, dia & misc DL)

Decky := stringer_spacing-deck_thickness-WT,,, 544 Deckgyy = 0.092-kIf
Stringery := b-d-WT,,504 Stringery) = 0.13-klf
MiSCdI = .2kIf

DC := Deckgy, + Stringery, + Miscy, DC = 0.422-kIf

. 2
DC-design_span .
Mpc = s Mpc = 131.84-ft-kip

DC-design_span .
Vpc=———— - DCd Vpc = 9-kip

Dead load and Moments for Asphalt Wearing
Surface

DW = stringer_spacing-wearing_surface~WTaSpha|t DW = 0.309-kIf

. 2
DW-design_span A

DW-design_span ”

Maximim HL93 \khicle Moment : LRFD 3.6.1.2.2

ag ft-bg-ft ag— 14 ag— 28
Mci(as.bs) = | ———— || 8kip + 32kipif| ag > 14,———.0 | + 3%Kipif| a5 > 28,——0
S S

design_span

ag ft-bg-ft bg — 14 ag— 14
Meo(ae,be) := | — || 8kipif| bo > 14, ———,0 | + 32kip + 32kip if| a. > 14,—,0
CZ( S S) design_span P S bg P P S ag

ag ft-bg-ft ag— 4
Mpa(ae, be) := | —— || 25kip + 25kipif| a. > 4,——,0
C3( S S) design_span P P S ag
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Single-span, Multi-Lane 4
SP Stringer w/ 5" Deck Bridge Design

design_span design_span design_span
Mmax(as) = maX(MC1(as» f - asj’MCZ(as’ f -85 |,Mc3 3, S

ft
MMax, | == for Ic 0,1, Jesion.span
LL ft
MMax <= Moy (D) if Moy (1= 1) < Mpax(D

MMax | = 627.84-ft-kip

Kip design span2
Mianeload = 64—~ o

ft 8 Mianeload = 200-ft-kip
M_HL93 := MMax| | + Maneload
M_HL93 = 827.84-ft-kip

Distribution Factor LRFD Table 4.6.2.2.1-1

stringer_spacing

SP = -
12in
SP
One lane loaded = =044
g1 10 g1
Two or more lanes loaded gs = sP g, = 0.44
2 : 10 2 :
DF:= |gq if 9120y
gy otherwise DF = 0.44
Dist_ M| | = M_HL93-DF Dist_M| | = 365.63-ft-kip
Strength Limit States LRFD Table 3.4.1-1 ~p~:= 125 Ypw = 1.5 L =175
LRFD 1.3.3 Ductility Np:= 10
LRFD 1.3.4 Redundancy R = 1.0

LRFD 1.3.5 Operational Importance My =10

LRFD 1.3.2.1-2 e (ﬂD'ﬂR'm) if npmgM 2095

s =1l
0.95 otherwise i
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Single-span, Multi-Lane 5
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FLEXURE CHECK

Qflexure = Tli('YDC'MDC +Ypw Mpw + 'YLL'DiSt—MLL) Qflexure = 949-57-ft-kip

Flexure_check := |"OK" if M, = Qfjaxure
"RE-RUN" otherwise Flexure_check = "OK"

SHEAR CHECK
Critical Section location for Live Load Shear: LRFD 8.7 "d" from support d=367ft

Maximum Shear Live Load placement

1 1 :
Dist := if (S-d < zdesign_span,3~d,z~design_spanj Dist = 11 ft

agft by — 14 by — 28
Veqlae,be) = | 1 = —— || 32kip + 32kipif| b, > 14, ,0| + 8kipif| b, > 28, ,0
Cl( S S) design_span P P S b P S b

S S

as'ft bS -4
Veolag,be) = | 1 = —— || 25kip + 25kipif| by > 4,——,0
CZ( S S) design_span P P S by

design_span design_span
Vmax(as) = maX(VC1(as’T - asj’VCZ(as’T S

Dist :
Vmax_LL = Vmax( ft j Vimax_LL = 42.72-kip

kip ( design_span :
V_LanelLoad := .64?' f —d|-DF V_LanelLoad = 6.03-kip
V_HL93 = Vmax_LL + V_LaneLoad V_HL93 = 48.75-kip

Horizontal Shear LRFD 4.6.2.2.2a-1

VL= 5(-6Vmax LL + DF-Vinax LL) V| L = 22.25-kip
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Single-span, Multi-Lane 6
SP Stringer w/ 5" Deck Bridge Design

Qshear = i YDC'VDC * Yow Vpw + YL (VL + V_LaneLoad)] Qshear = 70-63-kip

Shear_Check := |"OK" if V|2 Qgneqr

Shear_Check = "OK"

"no good Re-run" otherwise

EXTERIOR STRINGER DESIGN

deck_overhang := 23.5in Rail_Width := 12in

Dead load and Moments for Components (deck, stiff, dia, rail & misc DL)

DEdele = DEdele = 0.09-kIf

stringer_spacing
2 wood

+ deck_overhangj-deck_thickness~WT

Assume rail (misc DL) = .2 kIf Miscg)e == .2kIf St 0.13-Kif
dl = V=

DCe := Deckje + Stringerg + Miscgyjq DCe = 0.42-kif

. 2
DCe-design_span .
MDCE‘ = 3 MDCe = 13021ftk|p

DCe-design_span .
VDCe = f — DCe-d VDCe = 889k|p

Dead load and Moments for Asphalt Wearing Surface

stringer_spacing

DWe = ( asphalt

+ deck_overhang — RaiI_Width)~wearing_surface-WT

DWe-design_span> DWe = 0.22-klf

M =
DWe 8

DWe-design_span .
VDWE‘ = > - DWe-d VDWe = 473k|p

Exterior Stringer Distribution : Lever Rule LRFD Table 4.6.2.2.2d-1

Lever Rule: L 5 3.375



USDA Forest Service AASHTO LRFD Loadings
Single-span, Multi-Lane
SP Stringer w/ 5" Deck Bridge Design

Rigid Section Rotation Check-Case 1 : one HS20 truck
Multiple Presence Factor (one lane) LRFD Table 3.6.1.1.2-1

11.0417-7

1
DF.q4:=—+
cl
6 2(11.04172 + 6.6252 + 2.2082)

DFca:= |(Lymy) if Ly>DFgy =047
(DF¢a'mq) otherwise

Rigid Section Rotation Check-Case 2 : two HS20 trucks
Multiple Presence Factor (two lane) LRFD Table 3.6.1.1.2-1

DF . g . 11.0417-(7 + -5)
€27 g 2 2 2
2(11.0417 + 6.625 " + 2.208 )
Distribution Factor exterior DFe = DFCa if DFCa > DFC2 = 0.47

(DFcz) otherwise

Flexure Check - Exterior Stringer :

Dist_M| | ¢ := M_HL93-DF

Qffexure_ext = Mi(YDc'Mpce + Yow Mpwe *+ YLL DiStM| | ¢)

Flexure_checkg := |"OK" if MrZQerxure_ext

"RE-RUN" otherwise

Shear Check - Exterior Stringer :

Dist

Vmax_LLe = Vmax( ft j

V_LaneLoad_e - 64kf_tp(dg+ _ d).DFe

V_HL93, = Vmax_LL + V_LaneLoad

ViLe= '5('6'Vmax_LLe + DFe'Vmax_LLe)

6/11/2020

ml =12

DF ¢ = 0.39

Qflexure_ext = 950.03-ft-kip

Flexure_checkg = "OK"

VmaX_LLe =42.72- klp

V_LaneLoad e = 6.44-kip

V_HLO3, = 48.75-kip
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USDA Forest Service AASHTO LRFD Loadings

Single-span, Multi-Lane
SP Stringer w/ 5" Deck Bridge Design

Qshear_ext = Mi{1DC VDCe + YOW VDWe *+ YL (ViLe + V_LaneLoad e)]

Shear_Checkgy¢ == |"OK" if V> Qshear_ext

"no good Re-run" otherwise

STRINGER DEFLECTION :
Live Load Deflection limited to L/425 LRFD2.5.2.6.2

PEQ P —
design_span
. 3
PEQ~deS|gn_span
Atruck =

48-E-l,

. . . ;
Atandem = oF 25 4dp -(dESIQH—Span — A'ﬂj{s.design_span2 - 4(des'9”_5paﬂ - 4ftj }

24-E-ly 2 2
ki .
DF-.64?p-deS|gn_span4~5
A =
lane_load 384.E-1,
Ay = (Atruck) if Agryck = Atandem

(Atandem) otherwise

ALL= (-25'Atr + AIane_loald) if ('25'Atr + AIane_load) > Dy
Ay, otherwise
_ design_span
ALL_aIIow = 425
A ~ design_span
ratio”= —  ~
ALL

Deflection_Check := | "Deflection is ok" if ALL_aIIow >AL

"excessive deflection re-run" otherwise

Shear_Check

6/11/2020
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Qshear_ext = 69-54-kip

uOKu

ext =

Agryck = 0.92in

Atandem = 0-9L-in

Alane_load = 0-37-in

Ay = 0.92:in

ALL_aIIow = 141-in

A = 652.79

ratio

Deflection_Check = "Deflection is ok"
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Single-span, Multi-Lane 9
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CAMBER REQUIRED:

Camber Timber Stringers two times dead load deflection LRFD 8.12.1

. 4
5(DC + DW)-design_span .
A = = -2 A = 1.893:-in
DLc 384-E-l, DLc

design_spanz + 4ADLc2 Radius = 1980.99 ft

Radius :

8ApLc

BEARING CHECK :

Maximum Shear reaction per lane at abutment

V LaneLoadl = 64%((*9—*))

0 .
5 Vpr = (VmaX(ED + V_LaneLoadl = 74.56-kip

) Vir-NL .
Vstringer = N Vstringer = 24.85-kip
DC-design_span DW-design_span .
QCpO = n||:(A{DC 2 + WDW# + AfLL'Vstringer QCpO = 6827k|p

Bearing_Check := | "Bearing Check - OK" if P, > Qcpo

"no good Re-Run" otherwise Bearing_ChECk = "Bearing Check - OK"



