FDOT CONCRETE Box CULVERT (CBC) LRFR CODE SUMMARY

FDOT Bridge Load Rating Manual, 2019 (BLRM)

FDOT Structures Design Guidelines Volume 1, 2019 (SDG)

AASHTO LRFD Bridge Design Specifications, 8th Ed. 2017 (LRFD)

AASHTO Manual for Bridge Evaluation, 3rd Ed. 2018 with 2019 Interims (MBE)

_ "C£~4DC £ ~DW £ ~EV £ ~EH = ES"
"~NLL(1 + IM) + LS"

RF - rating factor equation for box culverts (MBE Eq. 6A.5.12.4-1).

CAPACITY

C =P PR, - factored capacity.

", - condition factor. Good or satisfactory =1.00, fair = 0.95, and poor = 0.85 (MBE Table 6A4.2.3-1).

Py = 1.00 - system factor (MBE 6A.5.12.8).

1 - resistance factor, or strengthreduction factor.

VMoment = 0-90 - sfrength reduction factor formoment, cast-in-place box (MBE 6A.5.12.6 & LRFD Table 12.5.5-1).

Pgphear = 0-85 - strength reduction factor forshear, cast-in-place box (MBE 6A.5.12.6 & LRFD Table 12.5.5-1). Neglect LRFD 5.5.4.2.

R}, - nominal resistance.

R Moment = Fs*(d = 0.5-a) - nominal moment capacity, simplified as singly-reinforced (LRFD Eq. 5.6.3.2.2-1).
R}, Shear.Deep.Fills = |7 < if(cells =1,25 fc-psi,O) - nominal shear capacity for Dg); > 2ft (LRFD 5.12.7.3).
Vu|-d
o<« max(c,2.14- fC-psi + 4600-psi p-min(l S ﬁj)
Mu‘
min(o,4.0- [Tpsi ) fi-d
max( ‘ Mu|, | Vu -dV)
dv + ‘Vu‘
R}, Shear.Shallow.Fills = |&s < - nominal shear capacity for Dgy; < 2ft (LRFD 5.7.3.4.1).
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FDOT CBC LRFR CODE SUMMARY

DEAD LOAD

While LRFR does apply simultaneous minimum (y.min = 0) and maximum (y.max = v.LL) live load factors
among a given element or span (extreme effects, neglecting axles not confributing fo the force under
consideration, and patch lane loading), LRFR does not vary minimum and maximum permanent load
factors for one load type, within the same calculation. "In the application of permanent loads, force effects
for each of the specified six load types should be computed separately. It is unnecessary to assume that one
type of load varies by span, length, or component within a bridge" (LRFD C3.4.1). At a two-span culvert, for
example, when considering positive moment in the top slab of span 1, maximize vertical dead load
throughout the entire top slab. Consistently apply maximum component (DC) and vertical earth (EV) load
factors to both spans. However since EH is a separate load type, use the minimum horizontal earth (EH)
pressure, if its effects benefit the top slab with axial force.

"N\DC + \DW = yEV £ yEH + yES" - factored dead load, which simplifies fo "yDC + AEV + vEH"
ADC = (Ypemax PC ¥ YpCminDC) = |:1.25~(150pcf~Ag) v 0.90~(150pcf~Ag):| - factored component dead load.
DCmax @Nd YpCmin - 100d factors (LRFD Table 3.4.1-2, BLRM 6A.5.12).
DC = 150pcf~Ag— component dead load (SDG 3.15.4); Ag- ared of concrete.
ADW =~ES = 0 - factored wearing surface & utilities, vertical (DW) and horizontal (ES). Assume the roadway is soil (SDG 3.15.4.A, BLRM 6A.5.12).
NEV = Fe(Mmax VEV max EV ¥ Mmin VBV, min'EV) = Fe~|:1.00~1.30~(120pcf~Df) v 1.00~0.90~(120pcf~Df):| - factored earth load, vertical pressure.
F, = min[l.lﬁ,l + 0.20~;ch - earthinteraction factor. Assume an embankment installation (LRFD Eq.12.11.2.2.1-2 & BLRM 6A.5.12).
MNmax 9N Npip - redundancy factor (LRFD 1.3.4) adjusted o 1.00in 2022.
VEVmax @Nd YEvmin - Vertical earth load factors (LRFD Table 3.4.1-2 at rigid buried, MBE Table A10.12.2-1, BLRM 6A5.12).
EV = ~g ;1D = 120pcf-Dg- verfical earth pressure (LRFD Table 3.5.1-1, SDG 3.15.4.B, and BLRM 6A.5.12); Dg- depth of fill.
~EH = ("fEH.max'EH v 'YEH.min‘EH) = |:1.35~(60pcf~Df) v 1.00~l.00~(30pcf~Df):| - factored earth load, horizontal pressure.
MNmax 9N Npip - redundancy factor (LRFD 1.3.4) adjusted to 1.00 in 2022.
~VEHmax @N9 YEHmin - Verfical earth pressure load factors (BLRM 6A.5.12), but when using EH, . = 30pcfuse Ygg min = 1:00 (LRFD 3.11.7)

EH, .y = 60pcf-Deand EH .. = 30pcf-Dg- horizontal earth pressure (LRFD 3.11.7, MBE Table A10.12.2-1, SDG 3.15.4.B, and BLRM 6A.5.12).

Do not apply earth interaction factor F,to EH (MBE A10.5). Top slabsinhinged-end culverts may conservatively neglect EH.




FDOT CBC LRFR CODE SUMMARY

LIVE LOAD, VERTICAL

"yLLwIM = ~LS" = factored verticallive load with impact, + factored equivalent vertical surcharge.
~LLwIM = ('YLLmax'DF'IM‘LL v "fLLmin‘DF‘IM‘LL) - factored live load with impact.
NLLmax - Ve load factors (BLRM 6A.5.12).
NLLmin = 0- neglect axles not contributing fo the effect under consideration (LRFD 3.6.1.3.1).
DF = g - lateral distribution factor, axles perunit foot.

E - effective lateral strip width (MBE 6A.5.12.10.3a, LRFD 3.6.1.2.6, & LRFD 4.6.2.10)

E(mpf) = | Egjap, < min(Eroriwidth. of stab> 81 + 0-12W,) mpfyy 93 = 1.20

2(20in + 0.06-W + 1.15-Dy) A} g = 1.00

E < min|
carth 1-(20in + 0.06-W, + 1.15-Dg + 6ft)

mpfFLl20.Existing.Culvert = 1.00

max( Eglabs Eearth)
mpf

MPfE]120.New. Culvert.or.New.Extension = 1-20

mpf - single-lane multiple presence factor (BLRM 6A.5.12).
W, - barrel width, length of clear span.

D¢- covering fill depth, roadway surface to fop of top slab .

D
IM = min|:1.00,l + 0.33(1 - 8;}:' - live loadimpact factor (LRFD Eq. 3.6.2.2-1).

_ YAXLE_LOAD
¥SPACING + 10in + DF-Dg

- longitudinally distributed live load (LRFD Eq 4.6.2.10.2-2) with10in tire length (LRFD 3.6.1.2.5).

SAXLE_LOAD- the sum of the axle loads within an overlapping group, "interacting wheels' (nomenclature, LRFD Eq. 3.6.1.2.6b-7).

SSPACING - the sum of the axle spacings within an overlapping group, "interacting wheels" ((nomenclature, LRFD Eq. 3.6.1.2.6b-7).

32kip

For exterior wall assessment, vertical live load effectsin the top slab causing tensionin the wall may be simplified to vy . IM- E(mp)
mp




FDOT CBC LRFR CODE SUMMARY

LIVE LOAD, VERTICAL - EQUIVALENT LATERAL DISTRIBUTION STRIP WIDTH "E"

Wc.plot = 10ft - barrel width, or clear span. Splot = Wc.plot + 8in - spacing of supporting components.

max|:8ﬁ + O.IZWC_plot,minl:I:Z(ZOin +0.06-W o + 1.15~Df) 1~(20in +0.06-We pjo + 1.15-Dp + 6ft)I|:|

Eeq(Df,mpf) = mpf

;1,1211

ips:= 24 ii:=1.ips + 1 Dg -
ips

11plotn =

E:= stack|:( "DAill" "E, mpf=1.00" "E, mpf=1.20" )’augmem(Dﬁll.plot’Eeq<Dﬁll.plot’ l'ooj’Eeq<Dﬁll.plot’ 1.205):|
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D.fill - depth of fill (ft)

=== E (mpf=1.00) - Legal Loads, and FL120 for existing culverts
=== E (mpf=1.20) - HL93, and FL120 for new culverts
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FDOT CBC LRFR CODE SUMMARY
LIVE LOAD, HORIZONTAL

~LS = ("fLLmax'LS v ”fLLmin'LS) = ('YLLmax'GOPCf'heq \ 0-60pcf~heq> - factored live load surcharge

“LLmax - Ve load factors (BLRM 6A.5.12).

NLLmin = 0- neglect axles not contributing the effect (LRFD 3.6.1.3.1 & BLRM 6A.5.12).

60pcf-heq - horizontal pressure from vertical live load surcharge (SDG 3.15.4.B & BLRM 6A.5.12).

5 4
heq(h) = iff h < 5ft,4ft,iff h > 20ft, 2ft, linte 10 |ft,| 3 |ft,h|||- equivalent height for LL surcharge (LRFD Table 3.11.6.4-1)
20 2

Do not apply impact to live load surcharge (MBE A10.7.5)

Exterior wall ratings for Legal Operating and FL120 Routine Permit Levels may be taken as:

1.75 1.20 36ton

RF(GVW) = RFHL93,Inventory.ExteriorWall'E'm' Py where GVW is the gross vehicle weight of the vehicle under consideration.

GVW - gross vehicle weight of the truck under consideration; for multi-fruck vehicles (i.e. truck and tandem), use the heaviest truck.

mpf - single-lane multiple presence factor. See the previous page.




Discuss "E" - EQUIVALENT LATERAL DISTRIBUTION STRIP WIDTH (PAGE 1 OF 2)

i-1 1.99ft
ii:=1..19 Dﬁll.plotii = HT -6ft Dﬁll.plot = csort|:staCK|:Dﬁn'p10t,[2 o)l 1 mpf = "multiple presence factor for one lane loaded"

2012 LRFD uses the best/largest strip of (shallow-fill slab-like equivalent strip distribution, and deep-fill earth distribution). It considers:

1. Equivalent strip widths for box culverts (LRFD EqQ. 4.6.2.10.2-1. Try 1 fruck, and inform this equation with the applicable mpf.

2. 1-lane distribution through tires (LRFD 3.6.1.2.5) and earth (LRFD 3.6.1.2.4). Try 1 wheel alone, and 2 wheel-lines from the same fruck.

3. 2-lane distribution through tires (LRFD 3.6.1.2.5) and earth (LRFD 3.6.1.2.6). Try 2 wheel-lines from adjacent trucks, and 2 fully overlapped trucks.

2(20in + 1.15-Dg) 1-(20in + 1.15-Dg + 4ft)

E2012.LRFD.3.6.1.2.6(mpF W) = [E(Df) « ma (st + °~12Wc)'% smin :

mp 1-(20in + 1.15-Dg + 6ft) | mpf | 0.5-(20in + 1.15-Dp + 16f1)
E(Dﬁll.plotj

2013 MBE uses the best/largest strip of (shallow-fill slab-like equivalent strip distribution, and deep-fill earth distribution). It considers:

1. Equivalent strip widths for box culverts (LRFD EqQ. 4.6.2.10.2-1.  Try 1 fruck, and inform this equation with the applicable mpf.

2. 1-lane distribution through tires (LRFD 3.6.1.2.5) and earth (LRFD 3.6.1.2.6). Try 1 wheel alone, and 2 wheel-lines from the same fruck.
Normally, Legal loads use MBE mpf =1.20 (MBE C6éA.4.1). However forLegal loadsin culverts, MBE mpf =1.00 (2014 MBE 6A.5.12.10.3).

X 2.(20in + 0.06-W,, + 1.15-Dy) X
E2013.MBE.6A.5.12.10.3a(mPF. We) 1= [ E(D) < max (sft + O-IZWc)‘if smin

mp 1-(20in + 0.06-W, + 1.15-Dg+ 6ft) "mpf
E(Dﬁll.plot3

2013 LRFD uses slab-like equivalent strips for fill heights less than 2 feet; otherwise use several equations that vary by load type. It considers:
1. Equivalent strip widths for box culverts (LRFD EqQ. 4.6.2.10.2-1. Try 1 fruck, and inform this equation with the applicable mpf.

2. 1-lane distribution through tires (LRFD 3.6.1.2.5) and earth (LRFD 3.6.1.2.4). Try 1 wheel alone, and 2 wheel-lines from the same fruck.

3. Deck strip widths for moment (LRFD Table 4.6.2.1.3-1, wherein the equations do include a mpf; use 1.20/mpf to remove it, for the permit).

Below, use E2013.LRFD.3.6.1.2.6a_pM for positive moment, Ey413 LRFD.3.6.1.2.6a nM O Negative moment, and Ey13 LRFD.3.6.1.2.6a v TOF shear.

. 2(20in + 0.06-W, + 1.15-Dg) . 66\ 120

E)013.LRFD.3.6.1.2.6a pM(mPf>We.S) = | E(Dg) « if] D < 2t (810 + 0.12wc)~—mpf T+ 0063, + 115Dy o) || et ,(261r1 + E'Sj'impf
E(Dﬁll.plot;

. 2(20in + 0.06-W, + 1.15-Dg) . 20\ 120

E mpf,W_,S):= | E|Dg) « if| Dy < 2ft, | 8ft + 0.12W, |- —— , max| min| ~7,(48in+%~5j~'7

2013.LRFD.3.6.1.2.60_nMl o8)= [E(>y) p < 26 J mpf 1-(20in + 0.06-W, + 1.15.Dp + 68) || mp 12 %) mpt
E(Dﬁll.plot;

. 2(20in + 0.06- W, + 1.15-Dg) .
E2013VLRFDV3V6V1Vzvéaiv(mpf,wc,S) = [E(Dg) « if| Dp < 2t (861 + o.1zwc).—f ,min

mp 1-(20in + 0.06-W, + 1.15-Dy + 6ft) | mpf
E(Dﬁll.plot3




Discuss "E" - EQUIVALENT LATERAL DISTRIBUTION STRIP WIDTH (PAGE 2 OF 2)

Wc.plot = 10ft - barrel width, or clear span. Splot = wc.plot + 8in - spacing of supporting components.

E (mpf=1.20) vs D.fill
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D - depth of fill (ft)

Synopsis, distribution strip width "E."

E (mpf=1.00) vs D.fill
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D - depth of fill (ft)

The 2013 MBE revisions (1) increased the effective strip width by 0.06*W.c per wheel line, (2) removed
two-lane distribution, and (3) applied a single-lane multiple presence factor of 1.00 to Legal Loading,

which contradicts MBE 6A.4.1.

The distribution strip widths within 2013 LRFD and 2013 MBE are nearly identical. The lone exception occurs
among fills between 2.0 and 2.5 feet, when barrel widths exceed 9 feet, where E.2013.LRFD is less
conservative than E.2013.MBE. Otherwise E.2013.LRFD is equivalent to E2013.MBE. Avoid interjecting
extraneous deck strip widths from LRFD 4.6.2.1.3; adopt the distribution sirip width from 2013 MBE.




