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IDAHO CONC. BOX
RATINGS

= BrR v6.7.0
15 P/T and RC Concrete Boxes in BrR

Load rating effort was 45 to 186 hours per

bridge

o Included rating, checking, QC, and some
verification

LRFR Rating (HL-93)
AASHTO Refined Losses
Most bridges had integral pier supports




RATING VERIFICATION

= Section Properties
Losses
LLDF

Substructure Stiffness

DL & LL Moments
Bentley LEAP CONBOX
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RATING VERIFICATION
SECTION PROPERTIES

= LARSA Section Composer

Spec Check Detail for PS_Basic_Properties Calculation

Mechanics of Materials
Basic PS Beam Property Calculations
(RRSHTO LRFD Bridge Design Specifications, Seventh Edition - 2014, with 2015 Interims)
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Input Method : Simple
Section Entry Method : Width =
A
Number of Cells : &
Top Slab f'c = 4.00(ksi) |
Other Parts f'c = 4.00 (ksi) ) RESDI0e 4 Fretnaoe3
- ’
D = 1.33(ft) cI 0.33 () L 8 - = -
Wi o= 76.00 (£t) W2 76.00(£L) il i T s S
LT1 = 0.33(£t) ITZ = 0.33(£L) L i -
WL = 0.00 (£T) w o= 0.00 (£t} > i
LWZ = 0.00(£t) HillpurSecta
Urtn [P Shape
Top Slab Thick. = 3.50(in)
Bot 5lab Thick. 12.50(in)
Top left Web Thick. =  £4.00(in}
Cell 5 Top Right
Web Thick.
(ft) {in)
1 14.00 156.00
2 12.00 144.00
3 12.00 144.00
4 12.00 144.00
5 12.00 156.00
€ 14.00 84.00




Project No. Sheet 1 Project No.

Computed By __SWW __Date 712612016 Computed By __SMW.
Checked By ate Checked By

Spanlength= 179

RATING VERIFICATION ==

u= 0.25

LOSSES

Location (f): 1611 179 1969
C.G. Strands (in): 63125 765 63125

Segment Length i) 1074 8592 21438 2148 8592 1074
Stuand height in}: 38125 | 53125 | 13375 | 13375 | 53425 | 38425
Radius in}: 38010 17636 479 4379 17636 38010
Sweep Angle: 02835094 049214766 049558633 049558633 049214766 02835094
2 Length in: 107761 | 8793 | 21701 2701 8793 107761
% = 00710 | 04235 | 01244 01244 04285 00710
Spec Check Detail for 5.8.5.2.2 Friction 27 ek 0.0356 0.0452 0.0347 0.0347 0.0452 0,036
2 o oki) 003% 00808 01155 01502 01954 02310
S Concrete Structures 2 10363 10842 14224 | 14620 12158 12599
5.9 Prestressing and Partial Prestressing 30 03650, | ;0823 | OBOD) | (08605 | 025 | 07067
5.9.5 Loss of Prestress
5.9.5.2 Inatantaneous Losses Jackoneend: 2604231 251304662 2401.89521 2320.13706 2241.06857 2142.03586 2067.03476
5.9.5.2.2 Friction Jackbothends: 2604231 251304662 2401.99521 232013706 2401.99521 2513.04662 2604.231
(RASHIO LRFD Bridge Design Specifications, Seventh Edition - 2014, with 2015 Interims)
.= 00849 Kin
PT MultiCellBox - At Location = 16.6250 (ft) - Left Stage 1 X 164260 in

2789 kips

fpF = fpj * (L - e~—(K*x + u*alpha)) {5.9.5.2.2b-1) 24982289 kips
Elongation= 2948 in

90% Elongation = 2653 in

INPUT:

K (Wobble coefficient) = 2.0000E-4 (per foot of tendon)
u (Coeff. of friction) = 2.5000E-1

i = 202.5000 (kai)
alpha = 0.1368 (Radians)
Curve tendon dist. = 16.6379 (ft)
STUMMARY =

fpF =  7.4609 (ksi)




RATING VERIFICATION
LIVE LOAD DISTRIBUTION FACTORS

@ Live Load Distribution

R

Froject. D Stalevide Bridge Load
Rating

Subject: Bridge 13095

Tosk: Live Load Distribution
Calcuiations

BY. SMW Dae. 127152015
CHKD:MJH Date: 121572015

EETND. 10F 6

_of

Span Length:
Support Skew
Depth of Member.

Interior Web

Exterior Web
Spadng:

Avg. Web Spacing:

Number of Cells:

width of barrier:

Width out-out:

Cast-in Place Concrete Multicell | Monolithic conerete
Box

Width of overhang:

Half he web spacing, plus the tofal overhang

OBECTIVE: Determine the live load distribution factors for a castin-place concrete: mulicell box bridge.

REFERENCE: AASHTO LRFD Bridge Design Specifications, 7ih Edition, 2014, w/ 2015 Interims

175
Skew = 45deg
di= 7t + 4in + Iin - 0.5n = 885001

Sipt:= 7t + 100

S =Spy  Asume exterior bay spacing same as interior bay atdeck

(Sint = Sext)
e §=7333f

Wigy = 3ft = 10n

Warrier = 130

Woye = 2Wgy =254 =

= 2.5 = 62500%

We = 0,555 + Woyy = 7750f

Stamdard | LRFD

Distribution Factor Input Method

@ Use Simplified Method

Use Advanced Method

[T &slow distribution factors to be used to compute effects of pemit lnads with routine traffic

Start
Distance

(ft)

Support
Number

End
Distance

(ft)

Distribution Factor
(Lanes)

1 Lane Multi-Lane

0.00

1.003 6.360

Compute from

Typical Section.. View Calcs

MNew

H Duplicate ][

Delete ]

pw workngisea\d 163895811 3055_LLDF Type (¢) xmod

Frinted: 7/26/2016 2 13 AW

oK

] [ Apply

H Cancel ]




RATING VERIFICATION
Bentley LEAP CONBOX

O TEAPE CONBOX® VA1 (SELEC Tranes 5] - 13095.cov
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Superstructure Cross Section Dist 0.0




P/T SLAB

= 3-span
= Integral Substructure
= No voids
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) Structure Cross Section

Name: PSCS Number of cells: &

!"p‘fl Methed Top slab concrete: | Fo =4 ksi; f'ei =35 ksi v | Other parts concrete: | P = 4 ksi; f'ci = 35 ksi >4
@ Simple ) Advanced

Entry Method Top slab stress limit: f'c = 4.0 ksi Top Slab v | Other parts stress limit: | f'c = 4.0 ksi v

© width ) Slope

LT1¢ [« ¥ i k"

——

RT2

Overall | Cells | Fillets

Properties

Compute Properties

Area= | 104500

lsx = 164642

Iyy = 50299.3333

J=1329180

0K ][ Apply ][ Cancel

75-7 12" 41/2"

| 734" 1l

P/T SLAB

Cross Section

Travelway 1
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4D 725
UDOT Rating Method

= UTAH Standard Programs
o AASHTOWare BrR
o CSi Bridge - If Outside BrR Limitation

« Csi Bridge Can Be Cumbersome
= BrR Does Not Rate Curved Boxes

« Rated Bridge w/ BrR
o LARSA 4D to Analyze for Torsion Affects
o MathCad to Calculate Shear Flow
o Excel to Calculate Load Increase Due to Torsion




4D 725

9-span

Single Column Piers w/ Integral Cap Beam
Constructed in 1970

Alignment on a 265’ Radius




4D 725
Location

« |n the Mountains East of Salt Lake City
= 50 Mile Drive along I-80
= Near Echo Reservoir (Recreation)
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4D 725
Curved Box Beam Analysis Type

- AASHTO 4.6.1.2.3

o C.A.<12° - Straight Segments
o 12°<C.A.<34° - 3D Single-Spine
o C.A.>34° - 3BDFEA.

« Unusual Plan Geometry - 3D F.E.A.
o Variable Width
o Unconventional Orientation of Skewed Supports
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Figure 7.15 —Torsion in a Two-Cell Box Girder
S
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4D 725
Bridge General Information

= Conventionally Reinforced Concrete Box
= Largest Central Angle (Span 4) = 22°
= Segment Central Angle = 1°

= No Unusual Geometry
o Was Not Symmetrical
o Span Lengths Were Not Significantly Different

= |nclude the Substructure




4D 725

= BrR Had 2 Separate Models

= Moment Model

= Shear Model




4D 725
Moment Model

= Analyzes Moment as a Full Structure
= Input the Bridge as a Straight Bridge

= |gnored Shear in the Moment Model




4D 725 e
Shear Model fw
Modeled As A Spine w/ Straight Segments \L%

o 20 Segments Each Span (1% Segment C.A.)
o Included Varying Web Width at Bents

Included the Substructure

o Single Column Bents

o Bearings at Abutments = _,‘_
Dead Load = H
o Box Beam and Deck - Self Weight »m |
o Barriers (Lights Included in Barrier) — Line Load -

Live Load

o 2 Lanes Offset to Match Travel Way




4D 725

LARSA Results

= Went Through the Full QC Process
o Rater
o Independent Check

o S.I.R. - Expert in Modelling and Box Beam
Bridges

« Completed a Sensitivity Analysis
o Pier Properties
o Bearings Assumptions

|Vaiua Labols

¥ Decima

Legend Min

Auo Legend Max

Auo

Men

Vinvbtotor [Momen W=l

ind Forces (Local) [Envelope! ERiEcH

Force

(kips)
0.000¢

00000 13223616
00000 9376
00000 13019434

0.0000 20,0987
00000  1,1898105
0.0000 32 1676
00000  1.1486779
00000 516827
1.108.4240
764370

00000 909.8585
00000 2681171
00000 8911792
00000  299.2821
00000  879.7883
00000 = 3282218
00000 8727822
00000 3529829

0.0000
00000 391.3623
00000 881.0986

(kips-1t)

3529141
6713703
4577248
7906690
5 3




4D 725

Torsion Induced Shear

= Shear Flow Theory - MathCad
o Weighted Average of Member Thickness
o Calculate Shear Stress in Each Flow Path
o Determine Shear per Unit Torsion in Each Web

TORSION INDUCED SHEAR IN WEBS

in

The shear induced by torsion in the section is applied to the model in BrR as a uniform load. The uniform shear
load is adjusted so that the maximum shear in each span in the BrR model match the magnitude of the
calculated shear induced by the max torsion per span from the 3D spine model.

TleLye 12in kip 1
shear per unit torsion (exterior web)  agy4:= —————— =(0.041) e — —— =(24.686 )ft
Torsion kipe ft 3oxt
The L4 e 12in klp 1
shear per unit torsion (web 3and 3) &,y := —————— =(0.007 ) o — — =(136.695 ) ft
Torsion kip e ft ajnt

4072 Notes ang mpwt Colcustions  Mage By- RRX
ECHD INTCHG. RAME Dme: 11772015
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Dae: 12272018
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4D 725

Dead Load Torsion Induced Shear

= Use Excel to Calculate Increase to Put Into BrR

= Dead Load Increase Input as a Line Load
o Exterior

Additionai Shear to account for Torsional

Desd load {kipsi

= Ext.

Span Length BC oW
i 56 43508 0.606
2 85 7.18 0.854
3 88 5.174 0.622
4 103 12732 1538
5 58 7652 0530

o Interior

tiona! Losd to be applied in BrR to com pesate for Additional
Torsions] Dead Load (kip/ft)

Ext. Total
n |Constant DC DW DC DW
07 -0.115 -0.015 -0.460 -0.08
05 -0.182 -0.020 -0.674 -0.080
05 -0.118 -0.014 -0.470 -0.057
05 -0.247 0080 -0.989 -0.118
07 -0.182 -0.023 -0.758

nt was found by creating a simple Lars modelto
ximate the span/dead loadfshear ratio




|[extenor web Distribution Factor

4D 725 Support Number | StartDigance | Length | EndDistance| 1lane | Multi-lane
10 0.000 $.500 5 600 1196 0621
: : 10 $.600 $.500 11200 1269 0526
Live Load Torsion Induced Shear - o o . o &=
) C 10 16.800 §.500 22.400 1474 0614
= Live Load Increased by Adjusting LLDF P a2 g g g I s
o Exterior 10 28.000 $.500 33.600 1391 0654
10 33.600 $.500 39.200 1209 0582
o Interior 10 38.200 5600 44,800 1103 0563
B . 24.800 500 $0.400 1037 05658
= Modified at 10th Points $0.400 5500 56,000 0995 0550
, £6.000 8.500 £4.500 1017 0821
« Use HL-93, Applied to All Trucks 64.500 8.500 73.000 1033 0524
73.000 8.500 81500 1063 0535
8§1.500 5.500 $0.000 1098 0.641
) 0.000 8.500 $8.500 1144 0530
= Check Shear Full Section ES e S s by
: 107.000 8.500 115,500 1043 0525
o Uses Interior LLDF x # Webs o s sSahes e e
124,000 5.500 132500 0974 05636
132.500 5.500 141000 0952 0624
141.000 8.500 148500 0976 0505
149.800 8.500 158600 0997 0525
155600 8.500 167.400 1023 0538
167.400 8.500 176200 1053 0641
176.200 8.500 185000 1088 0528
185.000 8.500 193500 1137 0597

183.500 8.500 202500 1065 0626




4D 725
Results

= |nput Bridge As a Box Girder
o Copy/Past Distribution Factors From Excel
o Only Analyzes LRFR

= Modifying the File Simple
o Used BrR File to Re-rate the Bridge After a
Rehabilitation Project

= Used a Similar Method on Other Bridge
Types

JLRFR RESULTS JLFR RESULTS
Vehicle Tons F::g; ? Limit State Mode Member | Span E::{;? Mode Member| :
HL-93 (INV) 36 0.56 Strength_| Shear Web 4 4 NA NA NA
HL-93 (OPR) | 36 0.82 Strength_| Shear Web 4 4 NA NA NA
HS-20 (INV) 36 NA NA NA NA NA NA NA NA
HS-20 (OPR) | 36 NA NA NA NA NA NA NA NA
Type 3 25 1.68 Strength_| Flexure Full Box| 1 NA NA NA
Type 352 36 1.55 Strength_| Shear Web 4 4 NA NA NA
Type 3-3 40 1.56 Strength_| Shear Web4 | 4 NA NA NA
Span 40 NA NA NA NA NA NA NA NA
Neg Mom 40 1.98 Strength_| Flexure FullBox| 4 NA NA NA
SuU4 27 147 Strength_| Flexure Full Box| 1 NA NA NA
SU5 31 1.35 Strength_| Flexure Full Box| 1 NA NA NA
SU6 35 122 Strength_| Flexure Full Box| 1 NA NA NA
SU7 39 1.14 Strength_| Flexure Full Box| 1 NA NA NA
UT-P6 48 1.26 Strength_|I Shear Web4 | 4 NA NA NA
UT-P7 54 1.13 Strength_llI Shear Web 4 4 NA NA NA
UT-P8 525 | 1.10 Strength_lI Shear Web 4 4 NA NA NA
UT-P9a 53 1.28 Strength_lI Shear Web 4 4 NA NA NA
[UT-P9b 66 1.25 Strength_lI Shear Web 4 4 NA NA




