Bridge No. CBC123 Analysis Method: LRFR-LRFD
FDOT Bridge Load Rating Summar
Location 1-10 over Example Creek g g y
Form (Page 1 of 1)
Description Index 8030, 305' Triple 9'x3' Built 1972
. Live Load . . . .
. . Gross Axle X Dead Load Live Load . . Span No. - Girder No., Interior/Exterior, RF-Weight
Rating Type | Rating Type ) Moment/Shear/Service Distrib. Rating Factor
Weight (tons) Factor Factor %Span Length (tons)
Factor (axles)
Level Vehicle | Weight Reinf. Concrete Limit DC LL LLDF RF Governing Location RATING
. Strength, )
Inventory HL93 36 Reinf. Concrete Moment 1.25/0.90 1.75 AREADIST.| 1.120 Top Slab at 1.40, D.fill = 2.00ft. 40.3
. . Strength, )
Operating HL93 36 Reinf. Concrete Moment 1.25/0.90 1.35 AREA DIST. 1.740 Top Slab at 1.40, D.fill = 2.00ft. 62.6
. . Strength, )
Permit FL120 60 Reinf. Concrete Moment 1.25/0.90 1.35 AREA DIST. 1.110 Top Slab at 1.40, D.fill = 2.00ft. 66.6
PermitMax| o 150 60 Reinf. Concrete Strength, 1) 5c/0.00 | 135 |AREADIST.| 1.110 | Topsiabat1.4o, n.fili=2.00f. 66.6
Span Moment
. Strength, )
SuU2 17 Reinf. Concrete M ¢ 1.25/0.90 1.35 AREA DIST. 2.690 Top Slab at 1.40, D.fill = 2.00ft. 45.7
omen
. Strength, )
SU3 33 Reinf. Concrete y X 1.25/0.90 1.35 AREADIST.| 2.030 Top Slab at 1.40, D.fill = 2.00ft. 67.0
omen
. Strength, )
Su4 35 Reinf. Concrete M ¢ 1.25/0.90 1.35 AREA DIST. 2.280 Top Slab at 2.00, D.fill = 2.00ft. 79.8
omen
. Strength, )
Legal C3 28 Reinf. Concrete M ¢ 1.25/0.90 1.35 AREA DIST. 2.550 Top Slab at 1.40, D.fill = 2.00ft. 71.4
omen
. Strength, )
c4 36.7 Reinf. Concrete y X 1.25/0.90 1.35 AREA DIST. 2.030 Top Slab at 1.40, D.fill = 2.00ft. 74.4
omen
. Strength, )
c5 40 Reinf. Concrete iy ) 1.25/0.90 1.35 AREADIST.| 2.170 Top Slab at 1.40, D.fill = 2.00ft. 86.8
omen
. Strength, )
STS 40 Reinf. Concrete M ¢ 1.25/0.90 1.35 AREA DIST. 2.410 Top Slab at 1.40, D.fill = 2.00ft. 96.4
omen
. Strength, )
Emergency EV2 28.75 Reinf. Concrete 1.25/0.90 1.30 AREA DIST. 1.830 Top Slab at 1.40, D.fill = 2.00ft. 52.6
Vehicle gﬂome;}f
(EV) EV3 43 Reinf. Concrete Mre"g . | 125/090| 130 |AREADIST.| 1420 [ Topsiabat140,0.fli=2.00f 61.1
omen
Original Design Load HS20 or HS20-S16-44 Performed by: Andrew DeVault Date:  03/01/19
Rating Type, Analysis LRFR-LRFD Checked by: Sarah Evans Date:  03/04/19
Distribution Method AASHTO Formula Sealed By: Andrew DeVault Date:  03/11/19
Impact Factor 24.8% (axle loading) FLP.E. No.: 75976
FL120 Gov. Span Length 9.6 (feet) Cert. Auth. No.: Government Agency
Minimum Span Length 9.6 (feet) Phone & email: 850-410-5531, andrew.devault@dot.state.fl.us
Recommended Posting At/Above legal loads. Posting Not Required. Company: FDOT
Recommended SU P05ting* 99 (tons) Address: 2740 Centerview Dr. #1B, Tallahassee FL 32399
Recommended C Posting 99 (tons)
Recommended ST5 Posting 99 (tons)

Owner 01 State Highway Agency
Location Carries interstate traffic.
. No. EV posting is not recommended. RF.EV2
EV Posting >1.00 &pRF.Evi >1.00
Floor Beam Present? No
Segmental Bridge? No
Project No. & Reason NA Update with EV
Plans Status Built

This 01-01-2022 summary follows the FDOT Bridge Load Rating Manual (BLRM), and the FDOT BMS Coding Guide.
*Recommended SU Posting levels for Florida SU trucks adequately restricts AASHTO SU trucks; see BLRM Chapter 7.
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NARRATIVE

HISTORY. In 1972, Proj. 50001-3401 constructed 305’ Culvert No. CBC123 to carry I-10 over Example
Creek. In 2001, Project 50001-3422 (FIN 222534-1) added riprap to the north end, and improved
the geometry for the eastbound on-ramp to I-10, but 50001-3422 did not extend the culvert. This

load rating is an update that includes Emergency Vehicles.

CONDITION. 01-08-2018, David Stump inspected, finding good condition overall (NBI lfem Nos.
61 and 62 were both 7-Good). Among all walls, Stump noted “Vertical crack with efflorescence,
corrosion bleed out and active water leakage in all sidewalls.” However, the walls do not govern
this structure, and the deterioration does not affect the carrying capacity at this time. Therefore,

this analysis applies a condition factor of 1.00 and uses full sections.

DISCUSSION. This analysis was used fo revise the “Hinged-End Culvert Example” published at

https://www.fdot.gov/maintenance/LoadRating.shtm. Code citations were updated to LRFD 8th

Ed., and FAST Act emergency vehicles were added.

CONCLUSION. Culvert No. 500112 is sufficient for all legal loads.
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DEPTH OF FILL

On 02-28-2019, Andrew DeVault (rod) and Sarah Evans (instrument) shot levels to determine the depth of covering fill.

LOC - description of the height rod locations

Dist - approximate horizontal distance from culvert end to rod
FS - foresights, vertical rod readings

HI =0 - say the height of instrument elevation is 0 feet

"1. Bottom of top slab, north end...........ccccoevenenennns " 0 8.97
"2. WB off-ramp, north white shoulder stripe................. " 36 6.10
"3.1-10 WB, south white shoulder stripe............c.cccc.... " 135 3.27
LOC = Dist := ft FS:= ft
"4.1-10 EB, north white shoulder stripe............c.ccceue. " 212 2.95

"5. EB ramp onto I-10, south white shoulder stripe......... " 294 5.21
L k328j L8.75J

N———

"6. Bottom of top slab, south end...........cccocecervennnene.

7FSr0ws(FS) B (7Fsl)

DIStrows (FS)

ELEtop.of.top.Slab = —FS1 + -Dist + 10.25in

-0.9
2.0

4.8
top.of.top.slab ~ 50

o)

Traffic-carrying fill depthsrange from 2.0 to 5.0 feet.

Fill_Heights := —FS — ELE ft

-2
n +
—FS -4
+ +
ELEtop.of.top.slab -6 =+
-8
+ +
-10
0 100 200 300
Dist
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INPUTS

BridgeNo := "CBC123"

BridgeName := "I-10 over Example Creek"

BridgeDescription := "Index 8030, 305' Triple 9'x3' Built 1972"

P = 1.00

b 2.0ft
fills == 5.0ft

cells:=3

t5lap = 9-5in tExtWall:= 7in tnewall = 8in

2 12in 2

A, = 0.44in — = 0.960-in
S 0.5-11in

d:= tglab — (1.25in + %~gin) =7.88:in

A 2120 50.in?

s.wall = 0:2in

12in

. 1 4. .
dwall = tExtWall = (1.251n + 5 -gmj = 5.50-in

fy = 40ksi fc = 3.0ksi
hojear = 31t
By aunch.top = 20 haunch.bot = 4in

Lwall = hclear - (hhaunch.top i hhaunch.bot) =2.50ft

VehSet :=
HL93+9TRUCKS LRFR-LRFD
HL93+FL120 LRFR-LRFD
HS20+9TRUCKS LOAD FACTOR
HS20 LOAD FACTOR

P - condition factor

Dy - covering fill depths, roadway surface to top of the top slab

cells- number of barrels

W, - barrel width, length of clear span

tlab ExtWall tIntwall - thicknesses:top sab, exterior wall, interiorwall

A, - area of tension reinforcement per strip fooft, top slab

d- distance from compression face to centroid of tension steel, top slab

A

<.wall - @rea of positive moment reinforcement per strip foot, exterior wall

dy,a11 - distance from compression face to centroid of tension steel, exterior walll

fy- steel yield and f{, - concrete strength (BLRM Tables 6A.5.2.1-1 and 6A.5.2.2-1)

h clear height of box opening

clear”

hhaunch.top & hpaunch.bot - haunch heights, top and bottom

Lyap1 - effective length of the exterior wall, pin-fo-pin
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INSTRUCTIONS

(1) INPUT. Adjust inputs on the 1st page. All primary inputs are confined to this one page.
(2) CALCULATE. This worksheet exportsresults to "1. SUMMARY xlsm" sheet "DATA."
(3) PRINT this MathCAD worksheet.
(4) PRINT Excel file "FDOT HINGED-END CULVERT (YEAR MO-DD) xIlsm" as follows:
Open sheet "SUMMARY." Review, adjust as necessary, and print.
Open sheet "SUMMARY_DETAILED," select print area, adjust page breaks, and print details.

DISCLAIMER

No warranty, expressed or implied, is made by the Florida Department of Transportation (FDOT) as to the
accuracy and functioning of this program or the results it produces, nor shall the fact of distribution constitute
any such warranty, and no responsibility is assumed by the Florida Department of Transportation in any
connection there with.

REFERENCES

ACI 318, Current. Building Code Requirements for Structural Concrete (ACI)

FDOT Bridge Management System Coding Guide, 2018 (FDOT BMS Coding)

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)

AASHTO Standard Specifications for Highway Bridges, 17th Ed. 2002 with 2005 Interims (Std.Spec.)

APPLICABILITY

Inapplicable. Frame corners are reinforced. Applicable. Outside corners are unreinforced; ends are hinged.

7" i
14"Cl
f% ' -' M n- ] _:_

'S
snt
—_

[*] EXPAND THIS AREA TO PRINT
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DisCUSSION

APPLICABILITY. This program applies to typical old-style hinged-end caost-in-place box culvertsin Florida built to Standard Indices priorto 1970,
where (1) the outside corners omit reinforcement, (2) the top and bottom slabs are identically reinforced and uniformly thick, (3) positive
moment reinforcement in the slabs is the same as negative moment reinforcement, thanks to "crank bars,” (4) span lengths are less than 15
feet, and (5) the shoulder is adequate; the distance from any lane centerline to its nearest culvert end is greater than one half of the lateral
distribution strip width.

ASSUMPTIONS, TOP SLAB. (1) Neglect the bottom slab. The bottom slab experienceslesslive load than the top slab, because the live load is
distributed laterally through the walls before reaching the bottom slab. (2) Neglect top-slab-to-exterior-wall continuity. The outside face of
the exterior wall omits reinforcement, which renders the connection pinned. Also neglect top-slab-to-interior-wall continuity. Minimal
reinforcement, typically #4 at 12in. OC, is insufficient to fix the connection. (3) Neglect mildly beneficial axial action onto the top slab, from
horizontal earth pressures. (4) Approximate the governing location for positive moment as 40% span length for multi-span culverts, and 50%
spanlength for single-span culverts. (5) For all top slab distribution calculations, take the effective soan length as the clear span. Meanwhile
for load calculations, take the effective span lengths as the distances between wall centerlines. (6) Use singly-reinforced flexural capacity,
which is frivially less than doubly-reinforced capacity among typical 1.25 inch clear covers.

ASSUMPTIONS, EXTERIORWALL. (1) Include axialloading, verify that e.steel > ¢.yield, and apply concepts from MBE Appendix G6A. (2) Reduce
the effective span lengthto construction joint keys. (3) Adapt the HL93 Inventory Rating to all vehicles. Where y = live load factor, GVW =
gross vehicle weight, and GVW.HL93 is assumed to be 36 tons:

RF.Exterior.Wall.Vehicle = (RF.Exterior. Wall.HL93.Inventory) (v HL?3 Inventory/y.Vehicle) (GVW.HL?3/GVW.Vehicle).

DISTRIBUTION. ForLFR and LRFR lateral distribution through earth fill, consider one wheel-ine and two wheel-lines (one fruck). For LFR
distribution through earth fill, additionally consider two adjacent trucks, and two trucks fully overlapped (two frucks), wherein adjacent truck
spacing is 4 feet. For both LFR and LRFR, take the best of (slab distribution, earth distribution). For LFR tire distribution, use point loading
(conservative); for LRFR, use tire patchloading (code). Apply longitudinal distribution, regardless of fill depth. For LFR, this confroverts a narrow
reading of Std.Spec 6.4.2, which specifies point loading for culverts underless than 2 feet of fill. However, Std. Spec. provides for alternate
rational analysesat 1.1.1, and LRFD C4.6.2.10.2 provides that alternative when it explains why longitudinal distribution is reasonable and
warranted, even for shallower fills.

LIVE LOAD. LFR appraisals use all axle effects, whereas LRFR ratings use exfreme axle effects (LRFD C.3.6.1.3.1). LFR impact is interpolated to
a linear, rather than step-wise, factor. LRFR lane loading does not apply to barrel widths less than 15 feet inlength (LRFD 3.6.1.3.3), and lane
loading has been removed from this worksheet.

SHEAR. Shearistaken at a distance "d" away from the face of the support. Reinforcement is assumed to be fully developed at d away from
face, since FDOT hinged-end culvert indices used sensible bearing lengths and reinforcement details. For reference, the development length
for ahooked 40ksi No. 7 bar in 3ksi concreteisless than 12 inches (LRFD 5.10.8 2.4a-1); say 12 inches.

METHODOLOGY. All loading is interpolated to aninfluence matrix, whose precision is guided by "ips" (increments per span). A one foot

equivalent strip is analyzed throughout. Consider minimum and maximum load factors to achieve the worst-case loading, however apply
only one load factor per load cose type at atime. Forexample, do not vary the vertical earth load factor across different span lengths.
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REVISION NOTES

CHANGE NOTES, JULY 2013

(1) speeded up LLroutine - dismissed needless increments

(2) added true coincidency shear capacity (previously vectorization conservatively took max moment for Vn equation)
(3) removed point load simulation; substituted area influence

(3) added check plots for select vehicle

(4) added explicit RF output for all vehicles

(6) LRFD 12.5.5.1 shear strength reduction factorto 0.85

(7) updated to 2013 LRFD Interim (adjust tire width fo 20in. +0.06*L)

CHANGE NOTES FEBRUARY 2015
(1) the program last verified 09-09-13; see #750083 review in EDMS, which compares independent calcs.
(2) excluded the Std.Spec. 24kip Military Tandem, as LFR evaluation omits this truck from HS20 evaluation (FDOT clarification for2015)

)
(3) clarified that ¢V =0.85 for all shear, even for LRFD slab-type fills less than 2feet.
(4) changed shear capacity note to cite simplified shear (LRFD - 5.8.3.4.3, which is by inference the 0.06-/ fe-ksi = 1.9/ fe-psi terms in Vci Vew)
(5) changed note for mpf ="...1.00 for FL120 routine permit (MBE 6A.4.5.4.2a-1, footnote a),"removing reference to 2011 FDOT Load Rating Manual.

CHANGE NOTES JULY - NOVEMBER 2015

(1) greatly simplify the governing output, only keeping what is needed to inform the Excel summary

(2) develop exterior wall assessment

(3) discard exact uniform load engine; use point approximations instead

(4) offer truly coincident loading with the possibility of varying load factors - min & max among same element.
(5) use one location per test, i.e. 1.40 for positive moment multi-cell or 1.50 for positive moment single-cell.

(6) reduce discussion, and make a separate LRFR code summary worksheet

(7) make companion Excel summary form and adjust for direct output

(8) adopt SDG and MBE DF - one lane only, mpflegal =1.00

(9) adopt General Method shear capacity for LRFD shallow fills

CHANGE NOTES JULY - JANUARY 2016
(1) edit preficial notes - disclaimer, intent and outline.
(2) update companion summary (Excel) and LRFR code summary

CHANGE NOTES - MARCH 2016

(1) invehicle list CLVT_VEH_SET (L), row 3 column 2, subrow 2 subcol 1, change "HL?3.OPR" to "HS20.OPR."
(2) remove cadlculations for depth of fill by auto-level; retain this as a separate worksheet

(3) change name from "FDOT OLD CBC" to "FDOTHinged-End Culvert"

(4) re-arrange order of topics on Page 2

(5) include [quick-start] instructions, top of Page 2

(6) provide slider-bar on Page 4, to select the test vehicle, the vehicle to check on the lost 8 pages
(7) move "applicability” section from Page 3 to Page 2

(8) add sxe < 80in LRFD 8.5.3.4.2-5 (no change for dv ~ 10in., but makes fidelity to code clearer)

(9) remove 3ksi hard code f.c af exteriorwall "a" effective depth of the compression block; substitute with f.c (genuine change)
(10) add "Assumptions, Exterior Wall" section to Page 3

(11) add cartoon examplesto Page 3, for inapplicable (frame) and applicable (hinged-end)

CHANGE NOTES - MARCH 2019

(1) Update the "References"sectionto BLRM 2019, etc.

(2) Update the "Discussion” section. Apply minor code number updates. Edit the shear subsection.

(3) Add emergency vehicles. Add live load category 5 - FAST Act Emergency Vehicles (EVs). Add trucks EV2 and EV3.
(4) Change the single-lane multiple presence factor forHL93 Operating to 1.00, per BLRM 6A.5.12.
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VEHICLES

HS20 FT(L) := |SPACING L (0.6 + 1 +0.4)

HS20(L) :=

HL93(L) :=

CLVT_VEH_SET(L) :=

SPACING « max|:14,L1~(0.6 +1+ 0.4)}

SPACING < min(30, SPACING)

0 8
14 32
14 32

T«

return T if rows(L) < 3

return T if HS20 FT(L) = 14

0 8 T

T 14 32
HS20 FT(L) 32

HS20 < HS20(L)

0 25
TAND <«
4 25

return (HS20 TAND )T if rows(HS20) =3

stack[HS20, (TAND )]

"HL93.INV"
"HL93.OPR"
"FL120"
"Su2"
"Su3"
"Su4"
nc3e
ncgn
nCsn
"ST5"
"EV2"
"EV3"
"HL93.INV"
1 "HL93.OPR"
"FL120"
"HS20.INV"
"HS20.0PR"
"Su2"
"Su3"
"Su4"

0 "Cc3"
ncgr
nCsn

"STS"

"EV2"

"EV3"

"HS20.INV"

["HS20.0PR"

HL93(L) 1
HL93(L) 2
FLI20 4
SU2
SU3
SU4
c3
c4
cs
STS
EV2
EV3
HL93(L)
HL93(L)
FLI120
HS20(L) 1
HS20(L) 2
su2 3
sus 3
su4 3
a3
3
3
3
5
5

D W W W W W W W

—_

AN

c4

cs

STS

EV2

EV3
HS20(L) 1
HS20(L) 2)

0.00 12.00
1 | "CUSTM" 4
L 13.00 22.00 |

_ . 0 12
0 12
10 22
13 22
20 22
0 22
0o 73
11 22
10 22
4.17 22
21.83 22
SU2 0 139 C3
417 22
SuU3 9.17 18.7 C4 EV2
= = 0 10 =
SuU4 4.17 18.7 C5 EV3
10 20
STS 4.17 18.7 FL120
4.17 20
0 8
17.67 15
27 18
417 15
4 18
0 13.334
12 18
14 53.333
L \24 18/ |
L\ 14 53.333) |

CLVT_VEH_SET (L) - standard vehicle sets

COL 1 =Method. 0 means LFR-Std Spec.-Load Factor; 1 means LRFR-LRFD
COL 2 =Vehicle descriptions: Name, Trucks, Rating Level

Rating Level:

1 - Design Inventory

2 - Design Operating

3 - Legal Operating

4 - Permit

5 - Emergency Vehicle

NOTES

Trucks follow this format (ft spacing, kip axle loading).

No lane loading, for the HL93 (LRFD 3.6.1.3.3).

A vehicle canhave one ormore frucks (Truck and Tandem).
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DIMENSIONS

9.63
L:= | for ie 1. cells L=]9.67 | -spanlengths (feet)
L« 0.5 tg ewail + We + 0-5-tppewan if 1= 1V i=cells 9.63

0.5t ewall T We + 0-5-tewall otherwise

L-ft
AS
pi= - p =0.0102 - steel/concrete ratio
d-12in
B, = tpyiwall ¥ ZL.ﬁ B, =129.50ft - out-to-out bridge length parallel to the effective span lengths

DECLARE VEHICLE SELECTION, ANALYSIS METHOD, AND PRECISION

D. 2.00
Dgjis = round[ t;lls ,2J~ft Dijs = (5 00) ft -round fills to 0.01ft.; standardize significant figures for check calcs
t .

TRUCKS := |T1 « CLVT_VEH_SET(L)Veh Set 2 TRUCKS - select method and vehicles

T2(K) « iffcols(K) =2,(K),K]

e

T2(T1)
LREFR := CLVT—VEH—SET(I)VehSet,l LRFR = 1.00 - method is Method := ("LFR" "LRFR )l,LRFR+1 = "LRFR

P
AV:= |T « TRUCKS AVT ( 1 2 3 4 5 6 7 8 9 10
augment(matrix (rows(T), 1, f(i,j) < i + 1), T) "HLO3.INV" "HL93.OPR" "FL120" "SU2" "SU3" "SU4" "C3" "C4" "C5" "ST5" "F
e - —l _ R : ; . _n "

select the test vehicle : ] | testVEH = 2.00 - check this vehicle, last 8 pages: AVtestVEH,z = "HL93.0PR
ips:= 20 ips = 20 - precision, increments per span (10 is OK, 20 is good, and 40 is best)
ipsp =50 ips =50 -increments of fruck fravel (20 is OK, 50 is good, and 100 is best)
dpapp= [0.5tgyewan + d if cells=1 dapp = 0991t - distance CL of bearing to "d"away from face, for shear RF location

0.5ty vwanl + d otherwise
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LOAD FACTORS

"VEH TYPE" "DESC" "5.LF" "y.LRFD"
1 "INV ' 217 1.75
"v.OPR" 130 1.35
"w.OPR" 130 135
"~.PERM"  1.30 135
"~EV" 130 1.30

LL MAT= LL MAT - live load factor matrix (BLRM 6A.5.12)

w A W

M Lmin = (1 0)1,LRFR+1 NLLmin = 0-00 -forLFR, apply all effects; for LRFR, apply extreme effects

veh_type(iv) := TRUCKSiv veh_type(iv) - vehicle type equation (1=Des.INV, 2=Des.OPR, 3=Legal OPR, 4=PERMIT)

.3

mpf_eq(iv) := if(LRFR = 1 A veh_type(iv) = 1,1.20,1.00) mpf_eq(iv) - single lane multiple presence factor equation

LL _eq(iv) := ~LL_eq(iv) - live load factor equation
YLL_eq(iv) TLL_MATeh type(iv)+1, 3+LRFR

—_—_—
L= wLL_eq(AV<1>) mpf:= mpf_eq(AV< l>i AL - live load factors, vector for all vehicles

SV,
AV2:= [(LBL Nos) « |:( "#" "VEH" "TYPE" "mpf' "~y.LL") AV ! :|- available vehicles: No., name, type No., mpf, y.LL

DAT « augment(AV, veh_type(Nos), mpf eq(Nos) ,'\fLL_eq(Nos))
stack(LBL, DAT)

() @ <5>)

AV3 = augment(AVZ L,AV2 7 JAV2 AV3- available vehicles: name, mpf, y.LL

g "VEH"  "TYPE" "mpf' "~y.LL"
1.00 "HL93.INV" 100 120 1.75
2.00 "HL93.OPR" 2.00 1.00 135
3.00  "FLI20" 400 1.00 135
4.00 "SU2" 300 1.00 135
5.00 "SU3" 300 1.00 135
AV2 =| 6.00 "SU4" 300  1.00 135
7.00 "C3" 300 1.00 135
8.00 "C4 300 1.00 135
9.00 "Cs" 300 1.00 135
10.00  "ST5" 300  1.00 135
11.00  "EV2" 500 100  1.30
1200  "EV3" 500 100  1.30
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DEAD LOAD

YDCmin ( ) YDCmin
130 0.90 ) LRFR+I 0.90
"IDCmax 130 1.25 IDCmax || 55
MYEVmin 1.30  1.00-0.90 MYEVmin 0.90 Load factors (StdSpec. 3.22.1.A, BLRM 6A5.12)
MEvmax | | 130 1.00-130 MEvmax | | 130
0.50-1.30 1.00-0.90 0.90
MYEHmin MYEHmin
1.30 1.00-1.35 1.35
NMYEHmax M EHmax
wpc = 150pef-12in-tg wpc = 0.119:klf - component/dab load (SDG 3.15.4)
Ysoil = 120pef Vgoil = 120-pef - unit weight of soil (SDG 3.15.4)
) D 1.014 . .
Fe.eq(D) :=min| 1.15,1 + 0.20~B—c Fe.eq<DﬁllS; = Losa) soil interaction factor (Std.Spec.Eq. 16-16, LRFD 12.11.2.2.1-2)
—5 0.243 ) )
wpy(D) = Fe,eq(D)'D'"fsoil'ﬁ WEV(Dﬁlls = 0.620 -kIf - vertical earth loading
Ysoil —5 0.120
wpy(D) = 5 -D-ft WEH(Dﬁlls = 0.300 -kIf - lateral earth pressure
_1 0.362 )
wpp(D) = (‘*’DC + wEV(D))~klf WDL(Dﬁlls = 0739 ) total unfactored vertical DL (klf)
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ToP SLAB, DISTRIBUTION & IMPACT (1 OF 2)

DISTRIBUTION
gage = 6ft
lane, := 12ft

tireyigen = if( LRFR = 0,0,20in + 0.06-W,)

tirelength := if(LRFR = 0,0, 10in)

DF if(LRFR = 0,1.75,1.15)

earth -~

LRFR = 1.00 Method = "LRFR"

gage- gage width, spacing between wheel lines (BLRM Appendix)

lane - lane width (Std.Spec.17th Ed. Fig. 3.7.A, LRFD Fig. 3.6.1.2.2-1)

tire i qeh = 26.48-in - fire width (Std.Spec 6.4.1, LRFD 3.6.1.2.6b)

tirelength =10.00-in - fire length (Std.Spec. 3.30, LRFD 3.6.1.2.5)

DF g4 = 1.15 distribution, earth (Std.Spec.17th Ed. 6.4.1, LRFD Table 3.6.1.2.6a-1)

Eeq(mpf ILANE,D_fill) - equivalent strip width for lateral distribution. mpf 1LANE- single-lane multiple presence factor, D- covering fill, from the

roadway surface to the top of the top slab, (Slab distribution from Std.Spec. 3.24.3.2 & LRFD EqQ. 4.6.2.10.2-1.

LRFD 3.6.1.2.6). For effective span length, say clear span (Std.Spec.3.24.1.1 & LRFD 4.6.2.10.2-1).

Eeq(mpf ILANE, D ) == |E_SLAB « 8ft + 0.12-W,

E_EARTH_ITRUCK ¢ min[2:(tire i; 4 + Dpiji DF garqp) 1-(tire gt + DF eqren Dl + gage)]

E_EARTH_2TRUCKS < min] 1-(tire ;g + Dgj"DF qrep + 41t)0.5-(tire i, + Dpyyy DF eare + 2-gage + 411

1.00

>

E SLAB . (E EARTH ITRUCK E EARTH 2TRUCKS
max] , min 100

E(Dﬁn) =T« (concat("D.ﬁll =" ,nusttr(Dﬁlrf( 1) ,"ft") "mpf, 1 lane" "E (ﬁ)")

return stack[T ("INV/OPR" 1 Eeq 1 Dfll

return stack| T,

ft

( E SLAB
ax]

. [ E_EEARTH_ITRUCK
, min|
mpf 1LANE

) if LRFR =0
"HL93" 1.2 Eeq(1.2,Dgy)ft

"LGL/FLI20" 1 Eeq(1,Dgy)-ft

LLDFeq(mpf _ILANE,Dg) := ool ILANE, D)

Elong.eq(D) = DFeqry’D + tirejeopy

mpf 1LANE LRFR4+1

"D.fill =2ft" "mpf, 1 lane" "E (ft)"
"HL93" 1.20 7.57
—j "LGL/FL120" 1.00 9.08

E(Dg) =| ;oo "o
D.fill =5ft 'mpf, 1 lane" "E (ft)

if LRFR =1 "HL93" 1.20 11.63
L \"LGL/FL120" 1.00 13.96

LLDFeq(mpf 1LANE,D _fill) - lateral distribution factor (axles per 1 foot strip)

Elong
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ToP SLAB, DISTRIBUTION & IMPACT (2 OF 2)

IMPACT LRFR = 1.00 Method = "LRFR"

0 1 1 2 2 3 320 T . . .
IMCLVT.Std.Spec. - plot points, step-wise LFR impact(Std.Spec. 3.8.2.3)

M =
CLVT.Std.Spec. [1.3 131212 11 111 1

Meq(Dgy) = |if LRER =0 IMeq(Dg) - live load impact (Std.Spec. 3.8.23 inferpolated, LRFD 3.6.2.2-1)

A 0.30 [ Print
IM < minf 1.30,1.30 - == —= - 0.5

max(1.00,IM)

if LRFR =1

A Dgyp
IM < min| 1.33,1 + 033 1 -
8ft

max(1.00,IM)

E vs D.fill
20.0
—— E.lateral, mpf=1.00
—— E.lateral, mpf=1.20 (LRFR-HL93)
[—— E.longitudinal
g 15.0
m
=
S
=
R
B 10.0
%)
=
g
5
2
=}
a s
0.0,
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
D fill (ft)
IM vs D fill
8
9 130
<
<3
g 120
a,
£
o 110
g
g
> 1.00
a
0'9%.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
D fill (ft)
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ToP SLAB, MAKE INFLUENCE TABLE (1 OF 8)

match2(n,M) - forexact match

10 10)

match2(n, M) := match(n‘IO ,M-10" 7/ 1

Vinc- shear check location at d away from face of bearing at Pier 2
dAFF -1
Vine := min| 1.999,| L, — —— ~(L ) +1]|=1.90
1 ft 1

BrIncseql BrIncseq2& Brincs - bridge increments: span No. + % span length

BrIncseql(L,ipS) = Jr«0
for SpanNo € 1..rows(L)
for iel..ips+1

row <« i+ (ips + 1)-(SpanNo — 1)

T2 « (i—1)+10_9 if i=1
i-1ifi>1Ai<ips+1
. -9 ... _.
(i-1)-10 if i=ips+ 1

r<—r+1

T2
T1 < SpanNo + —
r ips
Tl
Vinc — 0.0001
BrIncseqz(L,ipS) = | BrINCS « csort] stac! Vinc ,BrIncseql(L,ipS) ,1
Vinc + 0.0001
T« (BrINcs1 )

for i€ 2..rows(BrINCS)

T« if(BrINCSFl = BrINCSi,T,stack(T,BrINCSi))

T

Brincs := BrIncsqu(L, ips)

RSIFeq & RSIF - influence locations: (R)ow, (S)pan, (jncrement, (F)eet

RSIFeq(L,BrIncs) = | Lt « stack[(0),L]
for i€ 1..rows(Brlncs)

span <«— tmnc(BrIncsi)

span

ft « Z Ltk + I:Lspan-(BrIncsi - span)]
k=1

&
T e(i-%—l span BrIncsi ﬁ)T

T « TT
i 1 rows(T) + 2 1T
0 rows(L) + 1
0.001 0.001
T2 < I—T r0ws(L)+1+L7
1 rows(L)
~0.001-L, ZL +0.001°L,

T <« stack(T, T2)
csort(T, 1)

RSIF := RSIFeq(L,BrIncs)
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ToP SLAB, MAKE INFLUENCE TABLE (2 OF 8)

RSIF_CHK_LOCS - checklocations: (RJow, (S)pan, (ncrement, (F)eet

(3 " "
RSIF_CHK_LOCS := |r(BrINC) « matchZ(BrINC,RSIF 3 ) ROW
(2 10.00
match2| |1.50 if cells=1 ,RSIF
HDR « ("ROW" "SPAN" "INC" "FT") =| 25.00
1.40 otherwise
o stack(HDR, RSIF_CHK_LOCS) 21.00
Get « match(z.OO,RSIF 3 1 21.00
(3
matchZ(Vinc,RSIF ¢ )
(3
matchZ(Vinc,RSIF ¢ )
for ie 1..rows(Get)
{(Get.)
(i T ( 1)
T2 <« \RSIF
T2T
PMp N - Positive moment location
PMBINC = RSIFRSIF_CHK_LOCSI 13 =140
pierlocation bridge length
SUML(L) := | for ie I..rows(L) ENDPIER(L) := ZL
i
SUML, « Z L
k=1
SUML
is xover a piere x isinwhat span?
axlatpier(x,L) := T1 «—1ifx=0 axlspan(x,L) := | T < 0 if x <0 v x > ENDPIER(L)
T, < 0 otherwise otherwise
1
T« 1
for ie 1..rows(L)
. X
. while —— > 1
! T
Ti+lel+11fx=z Lk Z Lk
k=1 k=1
Ti+1 < 0 otherwise T« T+1
max(T) rows(L)
rows(L) + 1 if x= 2 L
k
k=1
T otherwise
local distance to necrest left pier EI- stiffness
a(x,L) := [x if axlspan(x,L) =1 v rows(L) =1 El:= 10-104
axlspan(x,L)—1
X — Z L otherwise

k=1
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ToP SLAB, MAKE INFLUENCE TABLE (3 OF 8)

what's the sign of theta?

signtheta(x,L) := |1 if round(% ,0) =0

—1 otherwise

MEQT1 - unknown 6.1 & areas of moments

MEQIp(x,L) := | for ie 1..rows(L)

Ti 1< signtheta(x,L)-EI-(-1)

for ie 1..rows(L)
0 if rows(L) =1
otherwise
for j € 2..rows(L)
T. .« JOo ifj>i
1,]
otherwise

0.5~Lj71 if j=i

0.5~(Lj71 + Lj) otherwise

MEQ3p(x,L) - sum unknowns

MEQSUMp(x,L) := MEQIp(x,L) + MEQ2p(x,L)

MEQ3ap - known simple point load area

MEQ3ap(x,L) := T1 1< 0 if rows(L) =1

otherwise
row < axlspan(x,L)

for ie 1..rows(L)

row

if row <i

T. . < —0 otherwise

MEQ3p(x,L) - sum knowns, and mulfiply by point moment

MEQ3p(x,L) := (MEQ3ap(x,L) + MEQ3bp(x,L))-MP(x,L)-signtheta(x,L)

simple moment

MP(x,L) := [spanNo <« axlspan(x,L)

LspanNo

—a(x,L)
-a(x,L
L (x,L)
spanNo

MEQ?2 - unknown area moments * known distance

MEQ2p(x,L) =

for ie 1..rows(L)
for j € 1..rows(L)
if i=1
AM. . « — if j=2
L] 6

AMi § < 0 otherwise

otherwise
Li
AM. .« — if j=i+1
N 6
otherwise
Li
AM. .« — ifj=i
1,] 3

AMi § < 0 otherwise

>

AM

MEQbp - known simple point load moment

MEQ3bp(x,L) :=

for ie 1..rows(L)

Ti,1<—0

row <« axlspan(x, L)

IL
T - row a(x,L)
row, 1 3 6

T
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ToP SLAB, MAKE INFLUENCE TABLE (4 OF 8)

MeqGO(x,L) whether moment solution can run

MeqGO(x,L) := |0 if x <0 v x > ENDPIER(L)

1 otherwise

SOLNp(x,L) - theta, pier moments

SOLNp(x,L) := Jif MeqGO(x,L) =0
for ie 1..rows(L)

T.«<0
1

T

MEQSUMp(x,L) 1-MEQ3p(x,L) otherwise

axlspanpiex, L) - get span No. if onendpier, report last span. else if on pier, report pier no.

axlspanpier(x,L) := | SPA « axlspan(x,L)
PIER « axlatpier(x,L)
min(rows(L) , max(SPA, PIER))

ReturnAXLonPIER(xaxl, L, xtst, OnPier, span) - if the axe is on a pier, report influence (M,V+V-)

0
ReturnAXLonPIER (xaxl, L, xtst, OnPier,span) := Jreturn | 1 | if OnPier = 1 A xaxl = xtst = 0
0
0
return | 1 | if OnPier = span A xaxl = xtst
0
0
return | O | if OnPier = span + 1 A xax] = xtst
-1
0
0
0

Hinged-End Culvert Example.pdf (19 of 53)



ToP SLAB, MAKE INFLUENCE TABLE (5 OF 8)

R3|cai(xaxl, L, xtst) - simple span influence (moment, positive shear, negative shear) at xtst span from 1 kipload at xax])
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ToP SLAB, MAKE INFLUENCE TABLE (6 OF 8)

R3a(xaxl, L, xtst, span) - get simple and pier influence
R3a(L,TSOLNp,xtst,span) = | SPANnoTST <« span

return (0 0 0)T if SPANnoTST < 1 v SPANnoTST > rows(L)
XlocTST «— [xtst if SPANnoTST =1

xtst — otherwise

SUML(L) SPANnoTST-1
(Mleft Mright Vpier) < (000)

return if SPANnoTST =1

XlocTST
Mright <~ TsoLNp, ™
1

TsoLnp,
P —

pier
Ll

A%

T
I:(Mleft+ Mright) Vpier Vpier:l
return if SPANnoTST > rows(L)
Mright <0

Ltemp « Lrows (L)

T« |0 if SPANnoTST = rows(L) + 1

1 otherwise

XlocTST)
==

Mg T 1=
left SOLND;6ws(L) ( Ltemp

T
SOLNp;ows(L)
Vier < Ltem
p

I:(Mleﬁ+Mright) Vpier Vpier:IT

R if 1 < SPANnoTST < rows(L)
M T XlocTST
left = “SOLNDP(SpANNoTST) TR
XlocTST
M. < T ===
right = “SOLNP(SpANnoTST+1) (LSP ANnoT STJ

—T +T
SOLNDP(SpANnOTST) ~ SOLNP(SPANNOTST+1)

Vpier

< L
SPANnoTST

[(Mleft+ Mright) Vpier VpierilT

MVVa(L,xaxl, xtst, span, SLN) - if 1 span, use simple solution; otherwise use continuous

MVVa(L, xaxl, xtst, span, SLN) := [ R3local « R310cal(xaxl,L,xtst, span)

return R3local if rows(L) =1
R3a(L, SLN, xtst, span) + R3local

MVVb(xaxl, xtst) - get +M +V -V for one test location and one axe location

MVVb(xaxl, xtst) := |span <« axlspan(xtst,L)
SLN « SOLNp(xaxl,L)
MVVa(L, xaxl, xtst, span, SLN)
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ToP SLAB, MAKE INFLUENCE TABLE (7 OF 8)

R4(xaxl,L) - influence (+M, +V, -V) from Tkip load at location xaxlin bridge feet, when RSIF (bridge geometry matrix) is known.

R4(xaxl,L,RSIF) := | SLN « SOLNp(xaxl,L)
MVV(xtst,span) «<— MVVa(L,xaxl, xtst, span, SLN)
for j € 1..rows(RSIF)

(span xtst)e(RSIFj RSIF, 4)

2
§p
T <« MVV(xtst,span)

G
™ 00 0) if xtst<0vxtst>ZL

INerq& INF2--regularinfluence table (+M,-M, +V, -V)
INF2o (L., RSIF) = | for i 1..rows(RSIF)
T« R4(RSIFi 4,L,RSIF)T

(M(i> Vp(i) Vn<i>)e(T<1> T(z} T(3>)

(MT M vp VnT)

INF2 := INFZeq(L , RSIF)

INFgp, o - @n abbreviated influence matrix, with few increments, for display.

INF L« L

show "=
ips < 5

RSIF « RSIFeq(L,BrIncseqz(L,ips))
S(1) < matrix(r, 1, (i, ]) < "™)

I INF2, (L, RSIF)
SIDE < stack[("#" "SPAN" "BrINC" "FT"),RSIF]

DAT(—augment(diag(I1 ?)),diag(l1 4),11 1)

LBL <« ("V4+" "V")

(it ")
HDR < augment\LBL ,RSIF
T <« augment(SIDE, stack(HDR, DAT))
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ToP SLAB, MAKE INFLUENCE TABLE (8 OF 8)

ABBREVIATED INFLUENCE TABLE , FOR CHECKING

# SPAN BrNC FT v+ V- 0.9999 1.0000 1.2000 1.4000 1.6000 1.8000 1.8971 1.8972 1.8973 2.0000
1 0 1.00 0.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2 1 1.00 0.0 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 1 1.20 19 0.7489 -02511 0.0000 0.0000 14416 0.9582 0.4749 -0.0085 -02431 -02434 -02436 -0.4919
4 1 1.40 3.9 0.5106 -0.4894 0.0000 0.0000 0.9828 1.9657 1.0235 0.0814 -0.3760 -0.3765 -03769 -0.8608
5 1 1.60 58 02978 -0.7022 0.0000 0.0000 05732 11465 1.7197 0.3680 -02882 -02889 -02895 -0.9838
6 1 1.80 7.0 0.1233 -0.8767 0.0000 0.0000 02374 04749 0.7123 0.9497 0.1306 0.1297 01289 -0.7378
7 1 1.90 8.6 0.0563 -0.9437 0.0000 0.0000 0.1084 02167 0.3251 0.4335 04861 0.4852 04843 -0.4487
8 1 1.90 8.6 0.0562 -0.9438 0.0000 0.0000 0.1083 02165 0.3248 0.4330 0.4855 0.4856 0.4847 -0.4483
9 1 1.90 8.6 0.0562 -0.9438 0.0000 0.0000 0.1081 02163 0.3244 0.4325 0.4850 0.4851 04851 -0.4480
10 1 2.00 9.6 0.0000 -1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
n 2 2.00 96 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
12 2 2.20 e 0.8321 -0.1679 0.0000 0.0000 -0.1240 -0.2480 -0.3719 -0.4959 -0.5561 -0.5562 -05562 -0.6199
13 2 2.40 135 0.6160 -0.3840 0.0000 0.0000 -0.1550 -0.3099 -0.4649 -0.6198 -0.6950 -0.6951 -0.6952 -0.7748
14 2 2.60 154 0.3840 -0.6160 0.0000 0.0000 -0.1239 -02479 -0.3718 -0.4957 -0.5559 -0.5559 -05560 -0.6196
15 2 2.80 174 0.1679 -0.8321 0.0000 0.0000 -0.0619 -0.1239 -0.1858 -02478 -02778 -02778 -02779 -0.3097
16 2 3.00 193 0.0000 -1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1 3 3.00 193 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
18 3 3.20 212 0.8767 -01233 0.0000 0.0000 0.0370 0.0739 0.1109 0.1479 0.1658 0.1658 01659 0.1849
19 3 3.40 231 0.7022 -02978 0.0000 0.0000 0.0493 0.0986 0.1479 0.1972 02211 02211 02212 02465
20 3 3.60 251 0.4894 -05106 0.0000 0.0000 0.0431 0.0863 0.1294 0.1725 0.1935 0.1935 01935 0.2157
21 3 3.80 270 0.2511 -0.7489 0.0000 0.0000 0.0246 0.0493 0.0739 0.0986 0.1106 0.1106 0.1106 0.1232
22 3 4.00 289 0.0000 -1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
23 4 4.00 289 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

(matrix(40,20,f(i,j) <y INFshow)
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TOP SLAB, INFLUENCE VECTORS (1 OF 2)

While LRFR does apply simultaneous minimum and maximum live load factors among a given element or span (extreme effects, neglecting
axles not contributing to the force under consideration, and patch lane loading), LRFR doesnot vary minimum and maximum permanent
load factors for one load type, within the same calculation. "In the application of permanent loads, force effects foreach of the specified six
load types should be computed separately. It is unnecessary to assume that one type of load varies by span, length, orcomponent withina
bridge" (LRFD C3.4.1). At atwo-span culvert, forexample, 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 use the minimum horizontal earth (EH) pressure, if its effects benefit the top slab with axidl force.

(RSIF_CHK_LOCS,

iMpos := (INFZ1 I L1 (1) iMpos - unfactored influence vectorat pMp e = 1.40 for positive moment (+M)
<RSIF7CHK7LOCS2 l>

iMneg := (INFZ1 1) ? (2) iMneg- unfactored influence vector at 2.00 for negative moment (-M)
<RSIF7CHK7LOCS3 l>

iVneg := (INFZ1 4 ? (3) iVneg- unfactored influence vectorat Vinc = 1.90 fornegative shear (-V)

(RSIF_CHK_LOCS 4 l>

iMv := (INFZ1 I > (4) iMv - unfactored influence vector at Vinc = 1.90 for M coincidentwith V (Mv)

maXINF(INF’"fmax"\fmin) = jf(rNF > O’NmaX.INF”Ymin.INF) maXINF(INF’"fmax"Ymin) - APPY Ymax©O Ymin © emphasize positive influence

mi“INF(INF’"fmax"\fmin) = jf(rNF < O’Wmax'INF"\fmin'INF) mi“INF(INF’"fmax"\fmin) - APPY Vmax O Vmin 1 eMmphasize negative influence

COINC(V“eg"Ymax’"fmin) = if(Vneg < O’Wmax"\fmin) COINC(V“eg"Ymax’"fmin) - Use Vnegas guidance on whethertouse ~,. or Y.

INF_LL Mpos := maxINF(iMpos, 1 ’"fLLminj (1) INF_LL_Mpos - live load (LL) influence vector at pMp e = 1.40 for +M

INF_LL Mneg:= minINF(iMneg, 1 ’"fLLminj (2) INF_LL_Mneg- LL influence vector at 2.00 for -M

INF LL Vneg:= minINF(jVneg, 1 "YLLminj (3) INF_LL_Vneg- LL influence vector at Vinc= 1.90 for-V

INF_LL_Mv := COINC(iVneg,iMv, 0-iMv) (4) INF_LL_Mv - LL influence vector af Vinc=1.90 for Mv

INF_~NDC_Mpos := Yppax iMpos (1) INF_yDC_Mpos - factored (y) component DL (DC)infl. af pMp e = 140 for +M

INF_~DC_Mneg := Yppmax iMneg (2) INF_~yDC_Mneg- yDC influence vector at 2.00 for -M

INF_~DC_Vneg := Ypcpmax'1Vneg (3) INF_~DC_Vneg- yDC influence vector at Vinc=1.90 for-V

INF_~NDC_MyV := Yppax' IMY (4) INF_~DC_Mv - yDCinfluence vector at Vinc=1.90 for Mv

INF_NEV_Mpos := Mgy max IMPOs (1) INF_~NEV_Mpos- factored (y) vertical earth (EV) influence at pMp e = 140 for +M

INF_NEV_Mneg := N gy max iIMneg (2) INF_~NEV_Mneg- YEV influence vector at 2.00 for-M

INF_NEV_Vneg := MYy pax iVn€g (3) INF_~NEV_Vneg- YEV influence vector at Vinc=1.90 for-V

INF_NEV_MV = NVgymax iIMV (4) INF_~NEV_Mv - YEV influence vector at Vinc=1.90 for Mv
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TOP SLAB, INFLUENCE VECTORS (2 OF 2)

POSITIVE MOMENT
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INF_~EV_Mpos 1

iMpos 0

1
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—
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w
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TOP SLAB, APPLY LOAD TO INFLUENCE (1 OF 4)

UTILITIES
iftoi(FT) - given FEET, get Brinc iioft(BrINC) - given BrINC, get FEET ifto(FT) - given FEET, get NODE No.
iftoi(FT) := linterp(RSIF<4> ,RSIF<3> ,FT) iioft(BrINC) := linterp(RSIF<3> ,RSIF(4> ,BrINC) iftor(FT) := linterp(RSIF<4> ,RSIF< v ,FT)

APPLY w TO AN INFLUENCE VECTOR

INFx1x2a- add four nodes to an influence vector, one pair of new nodes adjacent to x1, and anothernew pair adjacent to x2.
Add a column with bridge feet location. Outputis (feet, influence).

INFx1x2(I,x1,x2) := |"if the load is not on the bridge, return 0"

0 0
return if x1 > Lvx2<0
(0.1 0) Z

"x1 can't be less than 0; x2 can't be greater than XL"

(x1 x2)e(max(0,x1) min(xZ,ZLj)

"add 2 new nodes, before and after x1 &x2"

6 6

x1—10 x2-10

FTadd « stac

>

x1+10°%) Lar107®
"get influence for all nodes, including FTadd"

for j € 1..cols(I)

T(x) « linterp(RSIF(4> ,I<j ) ,x)

G ( () —’)
INFt” <« stack\I” , T(FTadd)
"combine FT & INFLUENCE, sort by FT"

(9

ftINF « augment(stack(RSIF
ftINF <« csort(ftINF, 1)

, FTadd) , INFt)

"zero out any increment not within the range x1 to x2"
ZeroLeftRight(x, INF) « if(x < x1 v x > x2,0,INF)
for j € 2..cols(ftINF)

% (
fINFY ZeroLeﬁRight(ﬁINF !

ftINF

, ﬁINF<j J j

INFx1x2w(INF, x1x2w) - foreach row in x1x2w apply @ (kif) to influence from x1 o x2 (ft). Outputisthe force effect of the loading.

INFx1x2w(INF, x1x2w) := | Tl « matrix(1, cols(INF),f(i,j) < 0)
for i€ 1..rows(x1x2w)

T2 « INFxle(INF,xlewi x1x2w, 2)

N

k,liTzk—l,l

(Tzk’j + T2k71’j)

2

AK) « T2

I(k,j) «

(R xlxzwi,3
for j € 2..cols(T2)
rows(T2)
T3« z [A®K)-(I(k,j)-w)]
k=2

T1 « T1

1,j-1 -1t 1

T1
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ToP SLAB, APPLY LOAD TO INFLUENCE (2 OF 4)

DEAD LOAD

DLeq(INF, w) := INFxleu{INF,(O L ﬁﬂ

DLeq(iMpos, wpc) + DLeq(iMpos, wgy(D)) T DLeq(INF_yDC_Mpos, wpyc

DLeq(iMne g, WpC

) + DLeg( )
) + DLeq(iMneg, wpy /(D)) DLeq(INF_~DC_Mneg, wp)
) + DLeg( )
) + DLeg( )

+ DLeg(INF_NEV_Mpos, wgy(D)) T

(
+ DLeq(INF_~EV_Mneg, wgy(D))
(
(

DL(D) := ~DL(D) :=
DLeq(iVneg,wDC + DLeq iVneg,wEV(D)) DLeq(INF;{DCi\/neg,wDC + DLeq INF;yEViVneg,wEV(D))
DLeq(in,wDC + DLeq iMV,wEV(D)) DLeq(INF_’\(DC_MV,wDC + DLeq INF_'*(EV_MV,wEV(D))
DL:= | for iDe 1..rows(DﬁHS) NDL:= | for iD e 1..rows(DﬁHS)
(D T (D T
T <—DL(DﬁHSiD> T (—ﬂ{DL(DﬁHSiD)
T T
oL |:(2.68) (-3.36) (-1.73) (—1.47)} oL [(3.44) (-431) (-2.22) (—1.88):|
T(5.47) (~6.86) (-3.54) (-2.99) TL(7.07) (-8.86) (-4.57) (-3.87)

DISTRIBUTED TRUCK

OLAPTRK2(TRK,D) - given a fruck (ft kip ), make a longitudinally distributed fruck (x_start x_end kIf ). Where axle distribution lengths overlap, the
fributary axles are uniformly distributed over the net length (Std.Spec. 6.4.2 & LRFD MBE C6A.5.12.10.3a). When axle overlapping does occur, heavy
axle areas may be irrationally distributed to light axle areas. However, such overlapping occurs under deep fills, where DL supercedes LL.

OLAPTRK2(TRK, D) :=

1

Elong = Elong.eq

return (O'S'Elong O.S-Elong

(D)ft

TRK
—— | if rows(TRK) =1
long

(T CLﬁAXLE)(—[(—O.S-Elong 0.5Ejong TRKM) ]

for i€ 2..rows(TRK)
(r CL_AXLE) « [rows(T) (CLﬁAXLE - TRK, 1)]

T |stack T.[(CL_AXLE - 0.5Ejp) (CL_AXLE + 05-Ejgpg) TRK, 7] if TRK,

i Elong
(Toy Top Tps) < [(CLAXLE - 05Egy) (T, ) (T, 5+ TRK, ,)] otherwise

for i€ 1..rows(T)

T

L, e
i,3

Ti,3

T. ,—-T

i,2 i,1
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ToP SLAB, APPLY LOAD TO INFLUENCE (3 OF 4)

MAKE DISTRIBUTED TRUCKS

TKLOCS?2 - (x_start, x_end, unfactored pressure) and (locations of first wheel in bridge feet), no lateral distribution, no IM, and no load factor)

TKLOCS2(TK,D) := | T <~ OLAPTRK2(TK,D)

( (
TRK_LEN « max(T 2>) - min(T ! )
RUN_LEN « TRK LEN + 1‘2-L1

for iel.ipspp +1

RUN_LEN
X. ¢« ———

. (= 1) +04L,

ipsyy,
for ie 1..rows(x)

T2i <« aug‘rnent(T< v aF xi,T<2> 4 Xi’T<3>)

T2

MIRROR(TRK) - reverse the truck for two-way traffic

MIRROR(TRK) := || for i€ I..rows(TRK)

T2, | «

{0 0 ifi=1

otherwise

RKrOWS(TRK)*i+2, 1

T2; 5 < TRK, s(TRK)=i+1,2

return T2 if cols(TRK) =2

(3))

augment(TZ ,TRK
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TOP SLAB, APPLY LOAD TO INFLUENCE (4 OF 4)

RUN LIVE LOAD

~LLwLBL(D) - factored live load with distribution and impact for one fill depth. 1 vehicle perrow.

Main columns are: Submatrix (1) LL detail columns: Submatrix (7) Factored Truck Columns are:
(1) LL details (1) Row No. (1) x.start - the place in bridge feet at which the loading begins
(2) M.positive (2) Veh No. (2) x.end - the place in bridge feet at which the loading ends
(3) M.negative (3) Veh Name (3) kiIf loading - v LL*DF*IM*(AXLE, or LAXLES for overlapped axles)
(4) V.negative (4) Truck No.
(5) M.coincident with.Vnegative (5) Forward/Reverse 0/1

(6)0

(7) Factored Truck

~LLwWLBL(D) := | VEHS «- TRUCKS
IM « IMeq(D)
for iv e 1..rows(VEHS)

VEH « VEHS.
iv, 1

DF « LLDFeq(mpfiV,D)

(Mp Mn Vn M_Vn row) <« (0 0 0 0 0)
for iTRK e 1..r0ws(VEHS. )
iv,2

TRK1 « (TRUCKS. )
iv,2)iTRK, 1

for iMIRRe 1..2
TRK2 « [TRKI1 if iMIRR =1
MIRROR(TRK1) otherwise
TKS « TKLOCS2(TRK2,D)

for itrk € 1..rows(TKS)

r<—r+1

x_lead « (TKSitrk)rows(TKS 3

itrk) ?

TKS ¥ DF-IM-(TKS ¥
( itrk) < LL, ( itrk)
TK « TKS,
% . . . T
T <—(r iv VEH iTRK iMIRR-1 0 TKS, )
itrk
{p T
Mp INFx1x2w(INF_LL Mpos, TK)
{p T
Mn INFx1x2w(INF_LL Mneg, TK)
“«—
{p T
Vn INFx1x2w(INF_LL Vneg,TK)
{p T
M Vn INFxIx2w(INF_LL Mv, TK)

W | )T
ALY (T Mp' Mn! val M val

(T Mp Mn Vn McdoincVn) < (0 0 0 0 0)

r<«0

'YLLT
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Topr SLAB, CAPACITY

MOMENT, LFR OR LRFR

A
Mn = fy.A Jd- ih Mn = 23.19-kip-ft - nominal flexural capacity (Std.Spec. Eq.8-16, LRFD Eq. 56.322-1)
K 2 0.85-f-ft
Ppp = 0.90 by = 0.90 - flexural strengthreduction (Std.Spec. 8.16.1.2.2, LRFD Table 12.5.5-1)
PdMn = P bp-Mn PdMn = 20.87-kip-ft - factored flexural strength; condition factor is 1, = 1.00

SHEAR, LFR OR LRFR D.FILL > 2 FEET

VipeepriltsMu. Vi) = [ e iffeells = 1,2.5. [T psi 0) - nominal shearstrength, D.fill >2 feet (Std.Spec. 8.16.6.7.1, LRFD 5.12.7.3)

Vu|-d
O« max(c,2.14- fc~psi + 4600-psi p~min(1, ‘ 1\:[1‘ ‘ jj
u

min(o, 4.0 [Tpsi -fi-d

SHEAR, LFR D.FILL <2 FEET

Vu‘~d

V“LFRﬁShallow(M“’V“) = Jo« 1.9 /f psi + 2500-psi p~min(1,Tu‘) - nominal shearstrength for LFR when D.fill <2 feet (Std.Spec. Eq. 8-48)

min(c,3.5~ fC-psi)~ft~d

SHEAR, LRFR D.FILL <2 FEET

ForLRFR D.fill <2 feet, use LRFD 5.7 3.4.1. For box culverts that neglect axial loading, LRFD reduces to:

d, = Mn d,, = 7.25-in - distance between tension and compression centroids at full strength
AS~
max(‘Mu N Vu‘ 'dv)
v . . .
€ min(Mu, Vu) = €. min(Mu, Vu)- strain at the centroid of reinforcement
s.mln( ) 29000k5i~AS S.min
i 12i 1.38 80i s 12.00-in - crack spacing parameter, assuming max aggregate size =3/8in

S. = min| maxj m, | » m = B -1m - ’ = .
xe d 0.375 + 0.63 xe

B(Mu, Vu) := 4.8 . 'Slm B(Mu, Vu)- shear capacity factor

1+ 750~min(€svmin(Mu,Vu),6~10_ 3) 39%in + sye

VnLRFRfShallow(Mu’vu) = B(Mu, Vu)- [ f-psi-ft-d; V“LRFRfShallow(M“’V“) - concrete shear capacity

FACTORED SHEAR CAPACITY

by = 0.85 - strength reduction factor for shear (Std.Spec.8.16.1.2.2, LRFD Table 12.5.5-1. Neglect LRFD 5.5.4.2¢.V =0.90 for slabs & shallow fills.

PdVn(Mu, Vu,D) := [return wc"bV'VHDeepFills(M“’Vu) if D> 2ft - factored shear strength; condition factor is ¢ = 1.00
return Gy Vip pR Shallow(MUs Vu) if LRFR =0
return Y- Gy VN[ RER Shallow(MU, Vu) if LRFR =1

"ERROR"
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EXTERIOR WALL (1 OF 8)

Dy = max( D)

YLL.Inventory = VLL,

wpe = 0.119-KIf ~ygy = 120-pef

gy wall = @Ev{Dsi)

VERTICAL LOADS

INFw := (0.5000 0.3750 0.4000 0.3928)

INFp:= (0 -0.096 -0.08 —0.0789)1 min(cells, 4)

DCP = —wDCINFw

¥DCp = ~VpCmin Wpe INFW

EVp = ~Wgy wa INFw

YEVp 1= “MEvmin WEV. Wall INFW

LVp = —IMeq(DﬁH)LLDFeq(mpfl ,Dﬁn)~(32kip~INFp)

ALVp = LVp

YLL.Inventory

Fy:= As.wall'fy = 8.00-kip

Fy + (YDCp + YEVp + ALVp)

a.=

0.85~fc~12in
o S a
ax.to.c” 2 2
DCpp = DCp-dyy 40.¢ YDCpg:= YDCp-dyy to.c
EVp1:=EVpdyy 10 YEVM = VEVp-dyy to.c
LVp:=LVpdyy 10 YLV = ALVp-dyy to.c

PedMn_wall := ’lbc'd)M'FS'(dwall - gj

l,min(cells,4)'Ll'E

Dgqp = 5.00ft - covering fill

VLL Inventory = 1.75 -live load factor, Inventory Level

wpe & Ygoi] - Previously defined terms
WEy wall = 0-620-kIf - vertical earth (EV) loading for exterior wall

Axial loads, designated by "P," are positive for tension, and negative for compression.

i
INFw = 3.85~£ -influence, kiIf (®) fop dab to ext. wall rxn: +Area, -Areq, TArea

INFp = —0.08~% - uplifting influence, kip onto exterior wall per 1 kip axle in span 2
DCp = —0.46-kip - slab componentload (DC), axial compression (P) onfo exterior wall
ADCp = -0.41-kip - minimized factored DCp

EVp = -2.39-kip - vertical earth (EV) axialcomp. (P) onto ext wall. Fe.eq<Dﬁll) =1.03
~EVp = -2.15-kip - minimized factored EVp

LVp = 0.25-kip - vertical live load (LV) axial tension (P), 32 kip axle load, where:
IMeq(Dygy) = 1124 mpf; = 120 LLDFeq(mpf, . Dy ) = 0.0860

ALVp = 0.43-kip - minimized factored LVp.
Fy - force of steel at yield
a=0.19-in- effective depth of the compression block

d = 2.65-in- axial load fo CG compression

ax.to.c

DCyy = ~0.10kip-ft & ADCyy = ~0.09-kip-ft

Unfactored and factored moment from slab component load (DC)

EV) = —0.53 kip-ft &

Unfactored and factored moment from vertical earth (EV)

LV) = 0.05kip-ft & ~LV) = 0.10-kip-ft

Unfactored and factored moment from vertical live load (LV)

PpedMn_wall = 3.24-kip-ft - factored flexural capacity, exterior wall
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EXTERIOR WALL (2 OF 6)

EQUIVALENT HEIGHT

hobutment == Phill + 2 tslab + Nelear hobutment = 9-581ft - overadll height of the abutment

heq.equation<habutment) = |h < hypiiment heq.equation' equivalent surcharge for LL (Std.Spec. 3.20.3, LRFD 3.11.6 4-1)
return 2ft if LRFR =0
return 4ft if h < 5ft b
abutment
return 2ft if h> 20ft 4 L
5 4 €
linterp| | 10 |ft,] 3 |ft,h g 3
=
20 2
2
0 10 20
Abutment (ft)
heq = heq.equation(habutment) heq =3.08ft - equivalent surcharge height for live load

SIMPLE SPAN EQUATIONS

. X .
wwl.wZ.eq(wstart’wend’L’x) o 1{0 Sx S LW + (“"end - wstart)'(f) ’0:| iz o= Ul A
IL L x2 ix— 1
le.wZ.eq(wstart’wend’L’x) =i 0<x<L, wstart'(g - Xj + (“‘)end - wstart)' 6 2L ;0 FTix = 40 ‘Lya

D 3
Mwl.wz.eq(wstart,wend,L,x) = if|:0 <x< L,|:wstan~(;~x - Xzﬂ + (Wend - wstan)-(l‘;‘ - ;‘L) ,0} FT := stack[(—m’ 3~ﬁ),FT,(max(FT) +10° 3~ft)]

Xorigin = haptment — tslab — Bhaunch.bot Xorigin = 8.46ft -the depth of"xorigin," at the bottom construction joint
HORIZONTAL EARTH (EH) HORIZONTAL LL FROM SURCHARGE (LS)
“EH.start = wEH(Xorigin) = 0.508-kIf WLS start = wEH(heq) = 0.185-kif

“EH.end = wEH(Xorigin - Lwall) = 0.358-KIf “LS.end = wEH<heq) = 0.185-kif

EH,= wwl.wZ.eq(wEH.start’wEH.end’Lwall’FTj L8,= wwl.wZ.eq(“‘JLS.start’wLS.end’Lwall’FTj

EHy = le.wZ.eq(wEH.start’ wEH.end’Lwall’FTj LSy = le.wZ.eq(“‘JLS.start’ wLS.end’Lwall’FTj

EHy = Mwl.w2.eq<wEH.start’ wEH.end’Lwall’FTj LSy = Mwl.w2.eq(wLS.start’wLS.end’Lwall’FTj

~NEHy; = Mgpmax EHy  max(YEHy) = 0.46-kip-t LS\ = VLL fnventoryLSM  max(YLS ) = 0.25-kip-t
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EXTERIOR WALL (3 OF 6)

APPROXIMATE RATING FACTOR, DESIGN INVENTORY

PedMn_wall = 3.24-kip-ft

DCyy = —0.10-kip-t ADCy = —0.09-kip-ft DCy - component dead load, reduces the wall moment (-)

EV)1 = —0.53-kip-ft NEV) = —0.48 kip-ft EVy\ - vertical earth, reduces the wall moment ()

max(EHM) = 0.34-kip-ft max('\fEHM) = 0.46-kip-ft EHy; - horizontal earth, increases the wall moment (+)

LV) = 0.05-kip-ft ALV = 0.10-kip-ft LV - vertical live load uplift, from axle in span 2, increases the wall moment (+)
max(LSM) = 0.14-kip-ft max('\fLSM) = 0.25-kip-ft LSy - horizontal LL from a vertical surcharge increases wall moment (+)

PedMn_wall — (’YDCM + BV + max('\fEHM))

=9.615 RF - approximate the Design Vehicle RF at the Inventory Level
ALV + max(~LS )

approx

approx ‘=

RATING FACTOR, DESIGN INVENTORY

DLy,a11:= DCy + EVp\ + EHy DLy 1 := YDCp\p + NEVyp + YEHp DLy 11 & YDLy ) - unfactored and factored DL
LLyap = LV + LSy NLL a1 = YLV + LS LL a1 & YLLy,a1 - Unfactored and factored LL
RFs:= |mx(A,B) < max(A,B) RFpycq 1y = Min(RFs) RFpeg 1y = 9616 - exterior wall rating factor, Design Inventory

PedMn_wall — ADL 1y

LL
wallgow Extwall

=-0.68

mx(107 6kip~ft,'~{LLwaH) ROW_ExtWall:= | T < RFpq¢ 1,y  ROW_ExtWall = 22.00 - governing row No.

DL
wallRow_ExtWall

match2(T, RFs)
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EXTERIOR WALL (4 OF 6)

VERIFY ¢.M = 0.90

£, — dksi
B eqfe) = if| fo < 4ksi, 085, max{ 0.65,0.85 ~ 0.20-——— B1 = By eqlfe) = 085 -a/c (LRFD 5.6.2)
@= ﬁi =0.23-in c- distance to the neutral axis, under factored loading
1
&= 0003976~ 0.102 &, - steel tension when e, = 0.003
C

fy

CHECK = if| e, 2 ————— ,"OK: e.steel > e.yield" , "ERROR: €.steel < €.yield; revise calculations " | ... CHECK = "OK: e.steel > €.yield"
t= 29000ksi

RFpes [ny = if(CHECK ="OK: e.steel > e.yield" ’RFDes.Inv’O) =9.62 RFpyeq [y = 9-62 - if esteel < eyield, revise the rating factorto 0

Inv

g —€
d’eq(et’ecl’etl) = i{et < ecl,o.7s,min[0.90,0.75 +0.15- t D cbeq(et,ecl,etl) - flexural resistance factor equation (LRFD 5.5.4.2-1)
e1—€
tl cl
Eo]i= ﬁ =0.0014 Eol™ compression controlled limit; when €conc = 0-003anc g, = Eyield

€ = 0.005 gy - tension controlled limit; when e =0.003 and g; = 0.005

conc

1= deq(ep. e, q) = 0.90 ¢ =0.90 -flexural resistance/reduction factor (also see Std.Spec. 8.16.1.2.2)

Also see Std.Spec. 8.16.1.2.2, and ACI10.3.5. For factored axial loading less than n 0.1-f tg, g -ft = 25.20-kip, ife.t > 0.004, then $=0.90.

B.1vsfc ®.Moment vs €.Tension
fo F
0.9 ksi 0.9
_, 08 0.8
o« <
0.7 0.7
0.6 0.6
035 2 4 6 8 10 050 0.05 0.1
f.c (ksi) Strain (in/in)
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EXTERIOR WALL (5 OF 6)

DRAW EXTERIOR WALL

0 0

SN
0.333-tp iwa — 0-125in 0 DRAWxy(xy) := |T « (xy ) MIRRORX(MATRX) := | T « MATRX
0.375in —1.625in for ie 2..rows(xy) for ie 1..rows(T)
KEY := . @ T -T
0.333-t — 0.375in 0 6 Gy 1 T i
ExtWall O +(xyT) i1 i,1
0.375in 1.625in T T
T
0.333-tg pwar — 0-125in 0
0 0
0  —4in
(tExtWall i O‘S'Wc) 0
CBC:= || T « stac JKEY,| 05W, 0
_<tExtWall +0.5 'Wc)
-05W, 0
0 (tslab i 4in)
F 7T 0 — = M
( clear 1n) 0 (Zin + tslab)
2in 2in
. (0'5 W+ tExtWall) 0
DRAWKxy| stack| T, (0~5-WC - Zm) 0 ,MIRRORX(KEY),
~(0.5W, +t ) 0
. ¢ “ExtWall
~(0.5-W,,  2in) 0 ( )
0 —\h, +t
1 1
i L oin oin | L clear " ‘slab, ]
) )
CBC™ = CBC = = (habutment - Xorigin)
DRAW ROADWAY SURFACE DRAW CULVERT TOP SLAB
ROAD:= [T« (-2 0) CBC2:= |T « stack[(0),SUML(L)]-ft
for ie 1..200 T2 « (0 0)
(Tx Ty)(—(TmWS(T)’l Trows(T),2) Xx—05t 0
Tx+0.5 Ty (LR
T < stack{ T,| Tx + 025 Ty - 0.5 LEG( | 0> 0
Tx 4 0.5 Ty x+ 05t 0
<2> @  Tong X+ 0.5t —2ft
origin
T «T +Tg x+05t 0
T(]) . T<1> 40 for ie 1..rows(T)
. T2 « stack( T2, LEG[ | tgy¢way if =1V i=rows(T) ,Ti
ntWall otherwise
(P
max(T2 . ) tslab
PLOT RANGES T2 « stack T2, ~0.5-tgxewall tsab
—0.5-t 0
plt_wmin := 1.2-min(~EH,,~L8S ) = ~0.61-kIf ExtWall
( ( (
T2 2 <« T2 2 - max(TZ Q>)
plt_Vmin := 1.2-min(~EHy, ~LS ) = ~0.69-kip .

plt_Vmax = 1.2-max(~EHy,~LSy) = 0.61 kip
plt_Mmin := 1.2-min(~EHy;,~LS ) = ~0.41 -kip-ft

FT ExtWall := FT
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EXTERIOR WALL (6 OF 6)

RATING FACTOR DETAILS

n2s(N,DP) - number to string; show trailing zeroes

n2s(N,DP) :=

N2str «— num2str(round(N, DP))

N2str «— concat(N2str,".") if search(N2str,".",0) = -1

while strlen(N2str) — search(N2str,"." ,0) < DP + 1

N2str < concat(N2str,"0")
N2str

GVW - gross vehicle weights in fons

GVWeq2(TRKS) « max(

augment(TRUCKS

RF_ExtWall(iv) -exterior wall rating factor details for each vehicle No." iv"

RF_ExtWall(iv) :=

RFsSEXTWALL :=

r < ROW_ExtWall

MSSGgp ¢

~LL eq(l) mpf eq(1)

GVW

1,2

-RF
~NLL_eq(iv) mpf eq(iv) GVW, Des.Inv

5

T « concat|:T,num2str(GVW1 ) 2) ("), num2st1(GVWiV’2) NI

NDCpp + YEV + 'YEHMr
,2)," /(" ,n2s

kip-ft

MSSGLOC < concat] "Ext Wall at " ,n2s|

10
11

12

13
14

15

16

for iv e 1..rows(TRUCKS)
(i)
v

TT

"GOV (row#)"
"VEH (#)"
"VEH (name)"

"TRUCK (#)"
"TRUCK mirror"
"TRUCK, (ft, kip)"

"TRUCK (h.eq, 0, 0)"

"LOC (inc)"

"LOC (ft)"

"TEST"
"LOC message, Excel"

"RF message"

—
"RATING (tons)"

"LL/DL"

"LOC message, CAD"

YPedMn_wall

conca{T s nZS(

FT

‘wall

GVW.

iv,2

{
GVW := | GVWeql(TRK) « 0.5~ZTRK ?

GVWeql (TRKS))

(v

L ol " Dfill=" ,nzs(

(

kip-ft
max( DﬁllS)
ft
1
iv
TRUCKS.
iv, 1
1
0
TRUCKS, 2)

h
[eq Ooj
ft

FT
r

1

Lyvall

FT
r

ft
"M.wall"
MSSG| o

MSSGpp

RF

RF-GVW.
iv,2

LV + LS M,

GVW

tsiab * Phaunch.bot FTr

1,2

DCy + BV + EHMr

conca{nZs[

(3
<« RF_ExtWall(iv) =

ft

,2) ," from the bottom of the slab”j
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YLV + LS

s GVWqu(TRUCKS<2> )J
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v my =
T ,2], )] ,(HZS(RF,Z))}



TorP SLAB RATING FACTORS (1 OF 2)

RFpos(Mr,yDL,~LL) & RFneg(Mr,~DL,~LL)- rating factor equations for positive and negative loads

RFpos(C,DL,LL) := [return 99 if LL < 0.001
C-DL
min| 99,
LL
RFneg(C,DL,LL) := |return 99 if LL > —0.001
C-DL
min| 99,
LL

RFs1(iD) - run rating factors for one depth of fill

RFs1(iD) := |ALL « qLLwLBL(DﬁHS,D)
1

for iv e 1..rows(TRUCKS)

PdMn
kip-ft

RF_Mp(yLLMp) « RFpos(

—pdM
RF Mn(yLLMn) « RFneg(M
kip-ft

V(NLLV,~LLM) «

C«

> 'YDLi

ADLy | ,wLLMp)

DI ﬂ{LLMn)

Mu « ('\{LLM +DL,

Vu « ('\{LLV +4DLy 3)~klp

—dVn( Mu, Vu,D
Vo ( ﬁusiD)

RF, |« RF_Mp('\{LLiV’ 2;
RF, RFiMn('\fLLiV’ 3;
RFiv,3 < V(’YLLiV,4’A{LLiV,5;

augment(yLL, RF)

kip

RFneg(C DL 35 '\{LLV)

RFs2(iD) - run rating factors for one depth of fill, and report the governing row

RFs2(iD) := | T < RFs1(iD)
for iRFe 1..3
for iv e 1..rows(TRUCKS)

minRF. .
iv,iRF

MATCH.
iv

< mm(Tiv,iRFJrS)
JiRF <« matchZ(mlnRF.

“— MATCHiV, iRF

Riv ,iRF

augment(T, minRF,R)

iv,iRF’ Tiv, iRF+5)

~DFIMshow(iv,D,~LL) - show live load factors (v.LL, DF, IM, and LL)

fi
~DFIMshow(iv, Dy, ALL) := | (DF IM) « IMeq(D
{iv.Dpy.LL) Eeq(mpfiV’ijH (D)

conca{nZS(qLL, ,2) ,"* " n2s(DF,4),"*" n2s(IM, 3),"*" ,nz{
v

~LL
'\{LLiV~DF~IM
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ToP SLAB RATING FACTORS (2 OF 2)

RFdetails1(iv,MMV,DL,ADL,LL,~LL,C,RF,BrINC, D) - show rating factor details for one vehicle and one depth of fill

RFdetails1(iv, MMV, DL,~DL,LL,~LL,C,RF,BrINC,D) := |MMV « ("M.pos" "M.neg" "V.neg")

RFeq « concat["RF = (" ,n2s(C,2),"-"

(MMV LOC RFeq RF RF-GVW.

RFs3(iD) - show rating factors for all vehicles, for depth of fill Dﬁlls-D
1

RFs3(iD) := | T1 « RFs2(iD)

T3 « matrix(1, 16,f(i,j) < 0)

for iv e 1..rows(TRUCKS)
for MMV e 1..3

(ROW COL) « [(le, 11+MMV) (1)}

(DLt ADLt LLt ~LLt) < (DLA

ft
YoMn | [ —pdMn ]

iv,2

(Tliv, 1+MMV)ROW
~LL_eq(iv)

’|:|:(T1iv,4)ROW

1,MMV
,n2s(yDL,2),") / (" ,NDFIMshow(iv,D,~LL),") = " , (n2s(RF,2))]

D
LOC « concat("Top Slab at " ,n2s(BrINC,2),", D.fill=" ZS(E ,2) s "ﬁ."j

t
ExtWall
conca{n2s(iioft(BrINC) + % s 1} ,"ft. to face of Ext Wall"))

+ (DL ) . 1] ‘klpJ Dl iDj|

1D,MMV) 11 (A’DLiD,MMV) 1,1
e<|(%) (

T2 « RFdetailsl iv, MMV, DLt,~DLt,LLt,~LLt,C ( TI.

) _”’W“HI(TIW, S)ROW * (”DLiD,4)1 , J'kip'

kip-ft kip-ft

iv, 8+MMV) ?
3
"NAME"

4
"TRUCK#"

5
"MIRROR"

6
DET_LABEL « [

DET « ( T)
1v, 1

(DLt ~DLt) « [[

ROWE"
(ROW

"WEH#"

DL,
iD MMV1 COJ [(A‘ 1D,MMV)1’COIJ]

Z)DET4,MIRROR|:(TRUCKS 2)DET4]:|

DET, DET, DET9) <—(TRUCK RSIF_CHK_LOCS

TRUCK <« if|:DET5 =0, (TRUCKS

(

T3 « stack(TS,augment(DETT ,TZ))
submatrix(T3,2,rows(T3), 1, cols(T3))

MMV, 3

kip

RSIF_CHK_LOCS

0 "xIx2yw"

RSIF_CHK_LOCS

1,MMV

,D
MMV, 3 ﬁllsiD]

)

7

(LLt ~NLLt) « || — - INFx1x2u| (iMpos iMneg iVneg) ,DET, T1.
Eeq(mpfiv’DﬁHSiD) “{ 1,MMV 7:| ( IV’HMMV)ROW,COL

MMV,4)

RFsS - run all rating factors for all depths of fill, and stack on top of the exterior wall rating factors

RFs5:= JRFs4 « | for ie 1..rows(DﬁHS)

T1 « |RFs3(i) if i=1

stack(T1,RFs3(i)) otherwise

)

T1
rows(RFs4)

rowsi Dﬁlls )

(r RowsPerDfill) « [O

for i€ 1..RowsPerDfill
for iD e 1..rows(DﬁHS)

r<r+1

(8

{(iD-1)-RowsPerDfill+i)
T2 )

<« (RFS4

stack( T2T ,RFs5 EXTWALL)

Hinged-End Culvert Example.pdf (38 of 53)



RATING FACTOR ASSEMBLY (2 OF 4)

MAKE OUTPUT SUMMARIES

DESIGN_ROW_minRF(iv,MorV) := | (minRF minRFrow ) <~ (999 1)
for i€ 1..rows(RFs5)

if substr(RFsSi 10,0, 1) = MorV A iv = RFs5i

minRF « min(minRF,RFsSi 13)

2

minRFrow < i if minRF = RFsSi 13

minRFrow

OUT_CAD := |DET(MorV) « | for iv e 1..rows(TRUCKS)
(v
T « |r < DESIGN ROW minRF(iv, MorV)
T
(RFSSr,15 RESS gl BES5 g RESS oy RFSSr,m)
T
HDR <« ("LL/DL" "RF" "TONS" "LOCATION" "DIMENSION")

(v
R1 « augment[stack[( "TEST:" "VEH" )T ,TRUCKS 1],stack(matrix(l ,5,1(i,j) <« "MOMENT"),HDR, DET("M" )T)]

(v
R3 « augment[stack[( "TEST:" "VEH" )T ,TRUCKS 1],stack(matrix(l ,5,1(i,j) < "SHEAR"),HDR,DET("V" )T)]
stack(R1,matrix(1,6,f(i,j) < ""),R3)

OUT_Excel_Verbose:= | for re 1..rows(RFs5)

»

T e(RFsS REFs5 REs5 RFs5 RFs5 )T
T, T, r,12

3 13 11 1,10

stackl:("VEH" "RF" "LOCATION" "TEST" "RF.equation" ),TT:|

RFsGOV := Jrow(iv) < |(minRF minRFrow ) < (999 1)
for i€ 1..rows(RFs5)

if iv= RFSSi,2

minRF « min(minRF,RFsSi 13)

minRFrow < i if minRF = RFsSi 13

minRFrow
for iv e 1..rows(TRUCKS)

T(iv> <« |r < row(iv)

(RFsS RFs5 RFs5 . RFs5 RFs5 )T
T, r, r,12

3 13 r,11 r,10

stackl:("VEH" "Gov.RF" "Governing. LOCATION" "Gov.TEST" "Governing.RF.equation" ),TT:|
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RATING FACTOR ASSEMBLY (3 OF 4)

SHOW DETAILED RESULTS

CHECKeq(iv) := || for MMVEe 1..4

TEST « ("M.pos" "M.neg"

RF « 999
for i€ 1..rows(RFs5)

if RFs5. < RF A RFsS.
i,13 i,

RF « RFsSi

2

13

RFSST

o) (g

CHECKalID(iv) ;= Jc« 0
for MMVE € 1..4

TEST « ("M.pos" "M.neg"

for i€ 1..rows(RFs5)

if RFsSi =iv A RFSSi

,2 10

ce—c+1

© e

RFs5

)<1>

(3

. T(s) T<7)

CHECK DeGook(T) := |T « augment( s

for i€ 1..rows(T)
Ti,Z <« stack[( ft" "kip

Ti,3

Ti,s‘_(Ti,s

<« stack[( "start(ft)"

T
i.6)

"h.eq(ft)"

T

submatrix(T, 1,rows(T), 1,5)

CHECKeq(iv) := CHECK_DeGook(CHECKeq(iv))

CHECKalID(iv) := CHECK_DeGook(CHECKallD(iv))

QCHECK := CHECKeq(testVEH)

"V.neg"

=iv A RFSSi
,

"V.neg"

T <«
rows(T), 3 (Trows(T) s 3)2 1

"M.wall" )1 MMVE

10 = TEST

Mwall" )} \vve

= TEST

,submatrix(T, 1,rows(T), 10, 12))

)T 2]
"end(ft)" "kIf' ) ,Ti’3]

oo

oo
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RATING FACTOR ASSEMBLY (4 OF 4)

RF TABLE, ALL TESTS AT THE GOVERNING FILL

RFs:= |HDR <« ("+M.slab" "-M.slab" "V.slab" "M.wall" )
T1(iv) « | for jel..4
RFt < 999
for i€ 1..rows(RFs5)
RFt < mm(RFt,RFsSi’ 13) if RFsSi,2 =iV A RFsSi’ 10 = ("M.pos" "M.neg" "V.neg" "M.wall )1 g
RF]. <« RFt
RFT
for iv € 1..rows(TRUCKS)
(i)
2V  Ti(iv)|
(
augment(AVZ 2 s stack(HDR, TZT))

RF & TONS, ALL TESTS AT THE GOVERNING FILL

TONS := |HDR <« ("+M.slab" "-M.slab" "V.slab" "M.wall" )

T1(iv) <« submatrix(RFs,iv + 1,iv + 1,2,5)-GVWiV P

for iv € 1..rows(TRUCKS)

Y Ti(iv).

augment(AV2<2> N stack(HDR, TZT))

RF_TN := | SUB(M) <« submatrix(M, 1,rows(M),2,5)
HDR(LBL) « matrix(1,4,f(i,j) < LBL)

C1 « stack[("VEH" "VEH" "VEH"),AV3]
C2 « stack(HDR("RF" ), SUB(RFs))

C3 « stack(HDR("TON" ), SUB(TONS))

augment(C1,C2)

EXPAND SUB-MATRICES FOR EXCEL OUTPUT

DeFunkl(M,Rows) - add some blankrows to matrix M

DeFunkl(M, Rows) := | S(r,¢) « matrix(r, ¢, f(i,j) «< ")
M < rows(M)

return stack[(M),S(Rows — 1,1)] if tM =0
return M if rM = Rows

stack(M, S(Rows — rows(M), cols(M)))

DeFunk3 - governing details forone vehicle

DeFunk3(M) := | for itest e 1..rows(M)

ROWS « max(rows(MT )
for j € 1..cols(M)

TI, .<—DeFunk1(M4 .,ROWS)
itest, ] itest, ]

DeFunk2(T1)

CHECK - details for testVEH atthe governing fill depths

CHECK := DeFunk3(CHECKeq(testVEH))

DeFunk2(M) - expand submatricesin matrix M with stack and augment

DeFunk2(M) := | for ie 1..rows(M)

for j € 1..cols(M)
Tli <« 1f(] = 1’Mi, 1,au.lgment(Tli,Mi’j))

for ie 1..rows(T1)

T2 « if(i =1,Tl stack(T2,T1i))

1°

T2

DeFunkCheck_4- details for all vehicles and all fill depths

DeFunk4(M) := | for iv e 1..rows(M)

T« DeFunk3(MiV) if iv=1

stack(T,DeFunkS(MiV)) otherwise

Details_Verbose- details for all vehicles aond all fill depths

(»
OUT_Verbose := DeFunk4(CHECKallD(AV !
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PREPARE EXPORT TO EXCEL

[ "Bridge No" BridgeNo
"Name" BridgeName
. . . "Bridge No" "CBC123"
"Description" BridgeDescription
"Name" -1 E 1 K"
- ("LFR - Load Factor") ame 0 over Example Cree!
"Method" "Description” "Index 8030, 305' Triple 9'x3' Built 1972"
Description := "LRFR-LRFD" LRFR+1 =
"Method" "LRFR-LRFD"
"Impact" - h(RF GOV, ,,"DAll", 1)
mpac n < searc S 3.3 1 "Impact” 0.25
(IMeq(str2num(substr(RFsGOV3 0t 9,4))-&) = 1) "Span Length" 9.63
"Span Length" L1

NULL(r, ¢) := matrix(r,c,f(i,j) < ")

maxROWS_maxCOLS(Matrices) := | mx(M) < max(M)

(mx(rows(Matrices)) mx(cols(Matrices)) )

AugmentFill(Names, Matrices) - combine Matrices horizontal direction

AugmentFill(Names , Matrices) := | MaxRows <« maxROWS_maxCOLS(Matrices)1 1

STACK(Matrix) < Matrix on error stack(Matrix , NULL(MaxRows — rows(Matrix) , cols(Matrix)))
for ie 1..rows(Matrices)

HEADER <« Namesi on error augment(Namesi,NULL(l ,cols(Matricesi) - 1))

T « stack(HEADER, STACK(Matricesi)) on error augment(T,NULL(MaxRows +1,1) ,stack(HEADER, STACK(Matricesi)))

StackFill(Names, Matrices) - combine Matrices vertical direction

StackFill(Names, Matrices) := | MaxCols < maxROWS_maxCOLS(Matrices)1 5

T« stack(HEADER,AUGMENT(Matrices

AUGMENT(Matrix) < augment(Matrix , NULL(rows(Matrix), MaxCols — cols(Matrix) + 1))
for i€ 1..rows(Matrices)

HEADER « augment(Namesi,NULL(l ,MaxCols))

1)) on error stack(T,NULL(l ,MaxCols + 1) ,HEADER,AUGMENT(Matricesi))

WRITE_DATA_TO_EXCEL (Name_of Workshee) - write all output matrices to one Excel sheet. Use Excel formulas to link that data to secondary sheets
formatted for printing. To force Excel formula updating, apply a VBAmacro: Private Sub Workbook_Open(), Application.CalculateFull, End Sub.

WRITE_DATA_TO_EXCEL(Name_of Worksheet) :=

Worksheet <— Name_of Worksheet
WRITEEXCEL (matrix (500,50, f(i,j) < "), Worksheet, "DATA!AL")
"Decription" Description
"RFs" RFs
WRITEEXCEL| AugmentFil "RFs.GOV" ,| RFsGOV , Worksheet, "DATA!A1"
"RFs.VERBOSE" OUT Verbose
"CAD" OUT_CAD
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QUICK CHECK SETUP (1 OF 2)

MAKE INFLUENCE MATRIX, AND ASSIGN RF CHECK OUTPUTS

O 72" @' @’

RF_Mpos := (QCHECK ) RF_Mneg := (QCHECK ) RF_Vneg := (QCHECK ) RF_ExtWall := (QCHECK )

ips == 20 RSIF_check := RSIFeq(L,BrIncsqu(L,ips)) INF2_check := INF2eq(L,RSIF_check)
w (3 @

ROWS := RSIF_check BrINCS := RSIF_check FT := RSIF_check * -ft TK:= TRUCKS

testVEH, 1
(3 ( (3>) ( , (3>)
(MpCol MnCol VnCol) := | match2| pMp s RSIF_check match\2.00,RSIF_check ™ /1 match2\Vinc,RSIF_check =(10 25 21)

(VnCol kip-ft

<MpCol> ) kip-ft
i kip

Mpos := (INFZ check )
P - 1,1 kip

( ip- ( ) ki
MnCol -LP fi Vneg := (INFZ_check1 4) VG, @

Mneg = (INF2 check )
- 1,1 kip > kip

My := (INFz_check1 1)

'YLLShOW('YLL,DF,IM,LL) = conca{"(" ,HZS(’\{LL,Z) ,"(" ,n2s(DF, 4),")(1+" ,n2s[(IM — 1)-100,0],"%)(" ,n2s(LL, 1),") =" ,nzs(wLL-DF-IM-LL,z)] - show live load

STATE VARIABLES COMMON TO ALL RF CHECKS FOR TEST VEHICLE Tk = "HL93.0PR"

Dfilleq(CHK) := |T « (CHK Dfilleq(CHK) - extract depth of fill from a check output

L),

(start end) <« (search(T,"=",1) search(T,"ft",1))

str2num(substr(T, start + 1,end — start — 1))-ft

mpf := mpf

f=1.00 -si - i
testVEH mp single-lane multiple presence factor

= =1.35 ~Nr7 = 1.35 -liveloadfactor
TLL = MLegrvEn LL
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QUuUICK CHECK SETUP (2 OF 2)

MAKE PLOTS

PLTCIRCLE (r,0) - plot acircle: r-radius, 6 - staring angle PLTAXL(x,r,P,CIRCLE) - plot an axle weight Pat location x
PLTCIRCLE(r,0) := | for ie 1..13 PLTAXL(x,r,P,CIRCLE) := |Scale < 0.1768+/P
360d CIRCLE <« CIRCLE-Scal
92<—9+712eg-(i—1) < O cale "
augment(CIRCLE ! + x,CIRCLE ™~ + r-Scale)
(T. T, ) < r(cos(82) sin(62))
i,1 1,2
T
PLTaxles(TKr, TRKdist , D) - plot the truck axles, and scale for size PLTdist (TKd, D) - plot longitudinal distribution
PLTaxles(TKr, TRKdist,D) := | CIRCLE «- PLTCIRCLE(18in,-90deg) PLTdist(TKd, D) := ] Side « O'S‘D'DFearth
AXL(x,P) « PLTAXL(x, 18in, P, CIRCLE) <1 + Side D
i (TRKd' t<1)) fi + 0.5(D-DF ti ) xl 0
X < min 1S 1t + 0.5 B earth ar 1relength
x1 + Side D
TRKraw - MIRROR(TKr) PLTIDIST(x1,x2) i
T« AXL(X,TRKraw ) 2= B 1D
1,2
x2 0
for i€ 1..rows(TRKraw) <2 — Side D
s M i T« PLTlDIST(TKdl [ TKd z-ﬂ)
T T ifi=l return T if rows(TKd) =1
stack(T,AXL(x,TRKrawi,z)) otherwise for i 2. rows(TKd)
( ( ( . .
. b) o b D T « stack T,PLTlDIST(TKdi, TR, ft))
T T

PLTTRK (CHECK) - plot axles and longitudinal distribution for a RF check output, which contains details for the governing location

PLTTRK(CHECK) := |D « Dfilleq(CHECK)

(T1 T2)<—(CHECK1 , CHECK, 3)

(TRKraw TRKdist) <« (submatrix(T1,2,rows(T1),1,2) submatrix(T2,2,rows(T2),1,2))
(PLTaxles PLTdist) < (PLTaxles(TRKraw, TRKdist,D) PLTdist(TRKdist,D))

TRUCK <« stack(PLTdist, PLTaxles)-ft 1
<

) (P
range <« max(TRUCK 1 ,ZL-I.I) - min(TRUCK 1 ,70‘1-2Lj

PlotRatio < 3

(SN (SN
(Xmin Xmax Ymax ) < | [ min| TRUCK IV _ range ,70.1-ZL max| TRUCK ! . ,ZL'I‘I Lge. -2
10 10 PlotRatio

(v ( { _
ROAD <« augment(ROAD 1 ,ROAD 2 - max(ROAD Q>) + D-ft 1)
(
if Ymax < 1.1~max(TRUCK 2>)
(
AY « l.l‘max(TRUCK 2>) — Ymax

PlotRati PlotRati
(range Xmin Xmax Ymax) < |:(range + PlotRatio-AY) (Xmin - %“’.AY) (Xmax + %“)AY) (Ymax + AY):|

(range Xmin Xmax Ymax TRUCK ROAD)

[] EXPAND THIS AREA TO PRINT
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RESULTS

Z:= WRITE_DATA_TO_EXCEL("l. SUMMARY xIsm" ) - output to Excel, to a sheet named DATA.

RF TN =

RFsGOV =

CHECK =

"VEH"
"VEH"
"HL93.INV"
"HL93.0PR"
"FL120"
"Su2"
"SU3"
"SU4"
e
e
e
"STS"
"EV2"
"EV3"

"VEH"
"HL93.INV"
"HL93.0PR"
"FL120"
"Su2"
"SU3"
"SU4"
e
e
nCs
"STS"
"EV2"
"EV3"

"HL93.0OPR"

"HL93.0OPR"
"HL93.0OPR"
"HL93.0OPR"

"m

"VEH" "VEH"  '"RF" "RF" "RF" "RF"
"mpf" "~.LL" "+M.slab" "-M.slab" "V.slab" "M.wall"

120 1.75 1.12 1.51 1.27 9.62

.00 1.35 1.74 2.34 1.97 14.96

.00 1.35 1.11 1.57 1.37 8.97 DCmin 0.90

1.00 135 2.69 3.84 3.33 31.68 "DCmax 1.25

.00 1.35 2.03 2.31 2.24 16.32 MYEVmin 0.90 %03

.00 1.35 2.35 2.28 2.49 15.39 MEVmax "l 130 b= Z:Z

.00 1.35 2.55 3.16 3.29 19.23 — 0.90

.00 1.35 2.03 2.73 2.33 14.69 1.35

100 135 2.17 2.66 246 1346 "EHmax

.00 1.35 2.41 3.09 2.69 13.46

.00 1.30 1.83 2.92 2.29 19.45

.00 1.30 1.42 1.96 1.64 13.00

"Gov.RF" "Governing. LOCATION" "Gov.TEST" "Governing.RF.equation"
1.12 "Top Slab at 1.40, D.fill =2.00ft."  "M.pos" "RF = (20.87 - 3.44) / (1.75% 0.1322%1.248*54.0) = 1.12"
1.74  "Top Slab at 1.40, D.fill =2.00ft."  "M.pos" "RF = (20.87 - 3.44) / (1.35% 0.1101*1.248*54.0) = 1.74"
1.11 ~ "Top Slab at 1.40, D.fill = 2.00ft."  "M.pos" "RF = (20.87 - 3.44) / (1.35% 0.1101%1.248*84.8) = 1.11"
2.69  "Top Slab at 1.40, D.fill = 2.00ft."  "M.pos" "RF = (20.87 - 3.44) / (1.35% 0.1101%1.248*34.9) = 2.69"
2.03  "Top Slab at 1.40, D.fill = 2.00ft."  "M.pos" "RF = (20.87 - 3.44) / (1.35% 0.1101*1.248*46.3) = 2.03"
228  "Top Slab at 2.00, D.fill=2.00ft."  "M.neg" "RF=(-20.87 - -4.31)/(1.35%* 0.1101%*1.248*-39.2) = 2.28"
2.55  "Top Slab at 1.40, D.fill = 2.00ft."  "M.pos" "RF = (20.87 - 3.44) / (1.35% 0.1101%1.248*36.8) = 2.55"
2.03  "Top Slab at 1.40, D.fill = 2.00ft."  "M.pos" "RF = (20.87 - 3.44) / (1.35% 0.1101%1.248*46.2) = 2.03"
2.17  "Top Slab at 1.40, D.fill = 2.00ft."  "M.pos" "RF = (20.87 - 3.44) / (1.35% 0.1101%1.248*43.2) = 2.17"
241  "Top Slab at 1.40, D.fill = 2.00ft."  "M.pos" "RF = (20.87 - 3.44) / (1.35% 0.1101%1.248%39.0) = 2.41"
1.83  "Top Slab at 1.40, D.fill = 2.00ft."  "M.pos" "RF = (20.87 - 3.44) / (1.30* 0.1101%1.248*53.3) = 1.83"
1.42  "Top Slab at 1.40, D.fill = 2.00ft."  "M.pos" "RF = (20.87 - 3.44) / (1.30* 0.1101%1.248%68.9) = 1.42"

"' kip"  “start(f)" "end(ft)" "kIf' "M.pos" "Top Slab at 1.40, D.fill = 2.00ft."

0.00 25.00 527 8.41 148 "RF = (20.87 - 3.44) / (1.35% 0.1101%1.248*54.0) = 1.74"

400 2500 127 441 148

"' kip"  “start(ft)"  "end(ft)" "kIf' "M.neg" "Top Slab at 2.00, D.fill = 2.00ft."

0.00 25.00  5.65 8.78 148 "RF = (-20.87 - -4.31) / (1.35% 0.1101*1.248*-38.1) = 2.34"

400 25.00  1.65 478  1.48

"' kip"  “start(ft)" "end(ft)" "kIf' "V.neg" "Top Slab at 1.90, D.fill = 2.00ft."

0.00 25.00  5.65 8.78 148 "RF = (-13.17 - -2.22) / (1.35% 0.1101*1.248*-30.0) = 1.97"

400 25.00  1.65 478  1.48

"' kip"  "h.eq(ft)" " "Mowall" "Ext Wall at 0.50, D.fill = 5.00ft."

0.00 8.00  3.08 "RF = [1.75/1.35][1.20/1.00][36/36][(3.24 - -0.11) / (0.35)] = 14.96"

14.00 3200 "™

14.00 3200 "™
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QUICK CHECK (1 OF 8), POSITIVE MOMENT

"fr kip" "start(ft)"  "end(ft)" "kIf"
RF_Mpos = | "HL93.OPR" | 0.00 25.00 5.27 8.41 1.48
4.00 25.00 1.27 4.41 1.48

1 fy'As
cdHMn := 1 -0.90-f A |d - — ——
beo be yos 2 0.85-f12in
Dgyy -= Dfilleq(RF_Mpos)

Dgyi

Fe:= min| 1.15,1 + 0200 —Mm —
ZL'ﬁ + IExtWall

YwDLmax = Ypcmax tslah 130PCt ft + Foe N YEymax P 120pet- it

(ZLft

'*(DLpM = J linterp(FT ,Mpos, x)-ywDLmax dx

Oft

DF := LLDFeq(mpf, Dy |

IM = IMeq(Dg)

Ejong = DFearth Dl * tirlength

XW = submatrix(RF_Mpos 2 rows(RF_Mpos

1,377 ’1’3)

L3)

end
LLpM = Z w~j max(linterp(FT, Mpos, x) , 0-kIf) dx
start

LL
rM " _ "
~(LLShOW['YLL,DF,IM, kipﬁj = "(1.35)(0.1101)(1+25.%)(54.0) = 10.02

Unfactored ratio LL/DL: LL:= DF~IM~LLpM = 7.42-kip-ft and DL:= (DL

"Top Slab at 1.40, D.fill =2.00ft." j

"RF = (20.87 - 3.44) / (1.35% 0.1101%1.248*54.0) = 1.74"

PedMn = 20.87kip-ft - factored capacity; b, =1.00 , d = 7.88-in, A= 0.960~in2

Dgpp = 2.001t - depth of fill, rocadway surface to top of top slab
F,=1.014 -earthinteraction factor

YwDLmax = 0.465-kIf - maximum factored DL, Ypcmax = 125 MYEVmax = 130

wDLpM = 3.44kip-ft- factored dead load

DF =0.1101 -live load distribution factor, axles per strip foot

IM = 1.248 - dynamic impact factor

Elong =3.13ft -longitudinal distribution, where DF, 4 = 1.15 tirelength: 10.00-in

(3

. 7.98

e X0 KIF =( j.klf
~NLL-DFIM ~ \7.08

LL

pM = 54.0-kip-ft - raw live load (no ~p 1, no DF, no IM)

(wedMn DLy 'YLL~DF~IM~LLPM):(20.87 3.44 10.02)-kip-ft

PedMn — '\fDLpM

— T -4
VL DEIM-LL

LL

kip-fi = 2.68ftkip, s0= — =2.77
match( Dy D)1 1) 1 DL
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QUICK CHECK (2 OF 8), PoOsITIVE MOMENT PLOT

Y p" "start(ft)"  "end(ft)" "kIf"
"Top Slab at 1.40, D.fill =2.00ft."
RF_Mpos = | "HL93.OPR" | 0.00 25.00 5.27 8.41 1.48 | "M.pos"
"RF = (20.87 - 3.44) / (1.35% 0.1101%1.248*54.0) = 1.74"
4.00 25.00 1.27 4.41 1.48

PLT _truck := PLTTRK(RF_Mpos)

5.0

////////I/IYKIII/IIK//I//////////////////////////////////////IIIIII
0.0

0.0 10.0 20.0 30.0
3.0
2.0
1.0
0o A

1.00*Influence.Moment: (k-ft)/kip

—— ~DC*Influence.Moment: (k-ft)/kip

== ~EV*Influence.Moment: (k-ft)/kip

—— ~LL*Influence.Moment: (k-ft)/kip

-0 0.0 10.0 20.0

30.0
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QUICK CHECK (3 OF 8), NEGATIVE MOMENT

" p
RF_Mneg = | "HL93.0PR" | 0.00 25.00 5.65
4.00 25.00 1.65
PedMn := —PpcdMn
D¢y = Dfilleq(RF_Mneg)
Dl

Fe:= min| 1.15,1 + 0200 —Mm —
ZL'ﬁ + IExtWall

YwDLmax = Ypcmax tslah 130PCt ft + Foe N YEymax P 120pet- it

(ZLft

ADL o= J linterp(FT ,Mneg, x)-ywDLmax dx

oft
DF := LLDFeq(mpf, Dy |
M:= IMeq(DﬁH)

Ejong = DFearth Dl * tirlength

XW = submatrix(RF_Mneg1 3,2,r0ws(RF_Mnegl 3),1,3)

end
LL m= Z w~j min(linterp(FT, Mneg, x), 0-kIf) dx
start

LL

nM " - "
~(LLShOW['YLL,DF,IM, kipﬁj = "(1.35)(0.1101)(1+25.%)(-38.1) = -7.07

Unfactored ratio LL/DL: LL:= DF~IM~LLnM = -5.24kip-ft and DL := (DL

"start(ft)"  "end(ft)" "kIf"

"Top Slab at 2.00, D.fill =2.00ft." j

1.48 | "M.neg" (
"RF = (-20.87 - -4.31) / (1.35* 0.1101*1.248*-38.1) = 2.34"

1.48

PedMn = —20.87-kip-ft - factored capacity; P, =1.00 , d = 7.88-in, A = 0.960~in2

Dgpp = 2.001t - depth of fill, rocadway surface to top of top slab
F,=1.014 -earthinteraction factor

wDLmax = 0.465-kif - max factored deadload, Ypemax = 125 MYEYmax = 130
DL\ = —4.31-kip-ft - factored deadload

DF =0.1101 -live load distribution factor, axles per strip foot

IM = 1.248 - dynamic impact factor

Elong =3.13ft -longitudinal distribution, where DF, 4 = 1.15 tirelength: 10.00-in

(3
5.6 8.8 . 7.98
start := xw<1> ft= [ jft end := xw<2>~ft ( jft w:i= _Xw KIf = ( j~klf
1.6 4.8 Lo PFIM - \7.98

LL n = —38.1:kip-ft- raw live load (no ~p 1, no DF, no IM)

(wedMn ADL\; ~ppDFIMLL ) = (2087 ~4.31 ~7.07)kip-ft

PcdMn — yDL
7111\4 = 2.34
AL DFIM-LL, \ o

LL
kip-ft = -3.36fukip, s0= — = 1.56
mateh( Dy D)1 2) . DL
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QUICK CHECK (4 OF 8), NEGATIVE MOMENT PLOT

" kip" ) (Mstart(f)’ "end(f)’ "kIf
RF M HL93.0PR" | 0.00 25 I;o 5.65 878 148 | "M "Top Slab at 2.00, D.fill = 2.008."
Mneg = | * orr" |o. . . _ . "Maneg"
"RF = (-20.87 - -4.31) / (1.35% 0.1101*1.248*-38.1) = 2.34"
4.00 25.00 1.65 478 148

PLT_truck := PLTTRK(RF_Mneg)

5.0
0.0]
0.0 10.0 20.0 30.0

0.5

1.00*Influence.Moment: (k-ft)/kip

—— ~DC*Influence. Moment: (k-ft)/kip

== ~EV*Influence.Moment: (k-ft)/kip

—— ~LL*Influence.Moment: (k-ft)/kip

0.0

-0.5

-1.0

=15
0.0 10.0

20.0 30.0
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QuiICcK CHECK (5 OF 8), SHEAR

o ki) (start(®) “end(Ry’ kI
"Top Slab at 1.90, D.fill = 2.00ft."
RF Vneg = | "HL93.0PR" | 0.00 25.00 5.65 878 148 | "V.neg"
"R = (-13.17 - -2.22) / (1.35% 0.1101¥1.248%.30.0) = 1.97"
4.00 25.00 1.65 478 148
Dgyi
Dy = Dfilleg(RF_Vneg) = 2.00ft F,:= min| 1.15,1+ 0.20-————————— | = 1014 COINC(Vneg,yMAX,AMIN) := if(Vneg < 0,yMAX,yMIN)

ZL'ﬁ + IExtWall

[Zbﬁ

DLM = | linterp(FT . Y cmax MV %) tg1qb 150pef-ft) + linterp(FT.nY gy max MV X )-(Ee Dgy 120pef-ft) dx ~DLM = —1.88-kip-ft
0
P
LY = | linterp(FT . Y cmax: Vieg. x)-(tgjqh 150pef-ft) + linterp(FT 1y may Vieg. x)-(Fe Dgiyp-120pef ft) dx DLV = ~2.22-kip
0
L= 1.35 mpf := mpf_eq(testVEH) = 1.00 DF := LLDFeq(mpf, Dy} = 0.1101 IM = IMeq(Dg;) = 1.248
(3
4 5.65 ( 8.78 XIF 7.98
XW = submatrix(RF_Vneg ,2,r0ws(RF_Vneg ), 1 ,3) start := xw ! ft= ft  end:=xw 2>~ft = ft  w:= X = -kIf
1.3 1,3 1.65 478 i -DF-Meq(Dgy) — \7.98
LLy; = |McoincVLL « COINC(Vneg,Mv, 0-Mv) = —8.00-kip-ft ALLyg = - DF-IM-LLy = —1.48-kip-ft Mu := yDLM + yLLys = -3.37kip-ft
end
Z w~J linterp(FT ,McoincVLL, x) dx
start
LLy;:= | VnegLL «— COINC(Vneg, Vneg,0-Vneg) = -29.95-kip ALLy := vy 'DF-IM-LLy, = -5.56-kip Vu:=~DLV + ~LLy; = -7.78-kip
end
Z w~j linterp(FT, VnegLL, x) dx
start
o — — (vl = ) y - U
VnDeepFill = —min| max| 2.5- | f-psi,2.14- [f-psi + 4600-psip-min| 1, Mu‘ ,4.0- [ fpsi|-(ft-d) = —15.49-kip p =0.0102 = 7.88-in
f ‘ f
c Vu -d c
Vn .= —min| 1.9- | — + 2500p-min{ 1, —— |,3.5- | — |-ft-d-psi = —12.23-ki f.=3.0-ksi
LFR_ShallowFill [ | psi P ( ‘Ml j \ psij P P ¢
: f A
—4.8 51lin p 1 y s .
Vn, = . | fepsift|d — — ———— || = —16.11:kij
LRFR_ShallowFill Aty 101 i . 138in VP ( 2 0.85~fc~12inj:| P
max Ml [val [+ vl 39 max 2y G 0 63in
1 + 750- .
29000ksi- A
LLy
YedVn:= |return $0.85-Vapee py if Dgyy 2 2ft ALLgjow 'YLL,DF,IM,k—ip = "(1.35)(0.1101)(1+25.%)(-30.0) = -5.56"
return wc'o'gs'VnLFRishallowFill if LRFR =0
Vn - DLV
Ve 085V RER _ShallowFill coVn DLV ~qp DEIMLLy ) = (<1317 222 -5.56)-kip VA= ADLV o,
) i YLL vV p

L -DFIM-LLy,

LL

Unfactored ratfio LL/DL: LL := DF-IM-LLy, = -4.12-kip and DL := (DLmatCh(D b )1 3) kip = ~1.73-kip, 50 = —— =2.37
fill> Prilts ) 1»
1
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QUICK CHECK (6 OF 8), SHEAR PLOTS

"fr kip" "start(ft)"  "end(ft)" "kIf"
"Top Slab at 1.90, D.fill =2.00ft."
RF_Vneg =| "HL93.OPR" | 0.00 25.00 5.65 8.78 1.48 | "V.neg"
"RF = (-13.17 - -2.22) / (1.35* 0.1101*1.248*-30.0) = 1.97"
4.00 25.00 1.65 4.78 1.48

PLT_truck := PLTTRK(RF_Vneg)

ForLRFR, neglect live load not contributing to the force under consideration (V1 [ RER min = 9)- Meanwhile for LFR, apply all axles.

5.0
0.0
I L L] I
0.0 10.0 20.0 30.0
0.5
0.0 >\ e
-0.5

1.00*Influence
-1.0 —— ~DC*Influence
= = ~EV*Influence

—— ~LL*Influence

-1.5

0.0 10.0 20.0 30.0
1.0
0.5
) /"‘\
-0.5
-1.0 0.0 10.0 20.0 30.0
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QUICK CHECK (7 OF 8), EXTERIOR WALL

" p”
0.00 8.00 "h.eq(ft)" "™ "™ "Ext Wall at 0.50, D.fill = 5.001t."
RF_ExtWall = | "HL93.0OPR" "M.wall"
14.00 32.00 3.08 o "R = [1.75/1.35][1.20/1.00][36/36][(3.24 - 0.11) / (0.35)] = 14.96"
14.00 32.00
_ o il - ;
Dy = max(Dgyjq) = 5.00t F,:= min| 1.15,1+ 0.20-— | = 1.034 Ngoil = 120-pe
ZL'ﬁ + IExtWall
kip . . 2
INF,:= (0.5 0375 04 0.3928), ,min(4,cells)'L1'ﬁ = 3.850~E - axial force onto wall from uniform DL on top slab Ag wall = 0.20-in
kip . . . .
INFp := (0 0.096 O'OSO)I,min(3,cells) = 0.080~E - uplifting axial force onto wdll from point load on top slab fy = 40-ksi
TP D = ~VDCmin'( 150pef -ty ) INF = ~0.41-kip VPEy = ~MEymin'(FeVsoil Dt t) INFy, = ~2.15-kip £, =3.0ksi
Py p := 32kip DF := LLDFeq(mpf eq(1).Dg;) = 0.0860 IM = IMeq(Dgg ) = 1.124 VPLy = VLL Inventory DF-IM-Pp  ‘INFp = 0.43 kip
F + NP + Py + P d
. swall ¥ W'pc T TEV * Ly A _ Yall a0
Fy wall = As.wall'fy = 8.00-kip a:= — =0.19-in M _arm = 5" 2.65-in- axial force to CG comp.
0.85 fc ft
hobutment = Pfill + 2'tslab + Belear = 9581t hLL.surcharge = heq,equation(habutment) =3.08ft -LL surcharge
. A . ix -1
Xorigin = Pfill * tslab * Pelear ~ Phaunch.bot = 846t ix:=1,2..41 X, = Lyar 20
Ysoil Ysoil
NEH:= wpy(®) < MEgmax’ 5 '(xorigin - x)'ﬂ LS = |wLy(®) < YLL Inventory 5 heg ft
"L "L
wall wall
I ( LJ"EH(X)'(LWall - X) X I ( LJ"LH(X)'(LWall - X) X
| —_—dx - wpy(x) dxdx | —_—dx - wp g(x) dxdx
| J Lwall | J Lwall
0 0
J 7o J 7o
0 0

bdMny,) = u)c'0'90'As.wall'fy'(dwall - gj = 3.24kip-ft

ADC := APp-M_arm = —0.091-kip-ft - factored component slab load, axial compression (-) reduces moment

AEV := APpyM_arm = —0.475-kip-ft - factored verfical earth load, axial compression (-) reduces moment

~EH: max(yEH) = 0.46-kip-ft - maximum factored horizontal earth (+) increases moment

ALV := APy yM_arm = 0.096-kip-ft - factored vertical LL, uplift for multi-cell CBCs, axial fension (+) increases moment

~LS: max(yLS) = 0.25-kip-ft - maximum factored LL surcharge (+) increases moment

PMny,y; — (\DC + YEV + NEH)

YLL.Invent f eq(l 36
RF},, = r:= match(min(RFy, ) RFp )1 = 21 RF := nventory mp 762( ), W R, RF = 14.96
ALV +ALS LL mp testVEH, 2 r
|:1b¢anau ((ch +~EV + ~(EHI)) max('*(LV + qur)} =(3.24 —0.11 0.35)-kip-ft N =135 mpfeq(l)=120  mpf=1.00 GVW, .2 = 30
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QUICK CHECK (8 OF 8), EXTERIOR WALL PLOTS
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