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Overview vacobs

= Creating Holistic Solutions

= Building in Challenging
Environments

= Fostering a Collaborative
Environment of Innovation

Photos courtesy of Jacobs Engineering

©Jacobs 2026
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Yellowstone River Bridge
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Yellowstone River Bridge Jacobs

Existing Bridge and Alignment = Deteriorating deck

= Scour critical = Two-girder system

= Steep alignment with sharp curves = Can not be closed to public traffic

Photos courtesy of Jacobs Engineering

©Jacobs 2026



Yellowstone River Bridge

Preliminary Geotechnical
Investigation

= Hot ground/hydrothermal
features

= Acidic ground conditions with
high sulfides

Roadway Layout Features

= High level crossing (175" from deck to
the river)

= Mostly straight alignment with super
transitionsin spans 1 & 4

Constructability Challenges

= Tall columns with challenging
concrete production

= Seasonal construction windows
(April-October)

= Shipping constraints
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Yellowstone River Bridge vacobs

Geotechnical Findings
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Geotechnical Findings

GENERAL PROFILE ALONG PROPOSED BRIDGE ALIGNMENT
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Yellowstone River Bridge vacobs

2020/2021 Yellowstone River Bridge Geotechnical Investigation Soil Sample Laboratory Result Summary
G e ote C h n i Ca I F i n d i ngs Sample Location Moisture Particle Size Atterberg | R Value Chemical Analysis
Borehole From To Fines Sand Gravel Sulfate Chloride .
D (feet) (feet) % % o % PL% LL % R (ppm) (ppm) pH Resistivity (Q-cm)
YR20-17 75 9.0 10.1 25 614 136
2020/2021 Yellowstone River Bridge Geotechnical Investigation Scil Sample Laboratory Result Summary YR20-17 10.0 115 127 323 35 127 | 18 28
Sample Location Moisture Particle Size Atterberg | R Value Chemical Analysis YR20-17 12.5 14.0 23.2 524 426 5 24 57
- N YR20-19 0.0 15 26 417 484 9.9
Borehole From To Fines Sand Gravel Sulfate Chloride -
% o PL% LL % R pH Resistivity (Q-cm) YR20-19 25 4.0 9 218 326 456 | 24 30
ID (feet) (feet) % ] % (ppm) (ppm)
YR20-20 0.0 15 13 484 516 ] 32 37
YR20-01 25 4.0 8.5 6.8 30.8 62.4 24 26 YR20-20 25 40 142 21 59 0 NP NP
YR20-01 5.0 6.5 1 19.8 53 27.2 YR20-20 5.0 6.5 14.2 417 583 ] 23 27
YR20-01 7.5 8.0 5.3 8.2 46.2 45.6 YR20-20 10.0 115 5.7 129 63 24.1
YR20-02* 0.0 5.0 41 499 323 17.8 25 41 21 YR20-20 125 14.0 10.6 9.8 489 413
YR20-02 7.5 9.0 13.8 7.3 56.3 36.4 ¥YR20-21 25 40 89 195 465 34 1888 a4 3.4 1160
YR20-03 50 65 24 115 497 388 ¥YR20-21 10.0 115 229 585 387 28 25 42
YR20-03* 0.0 5.0 3.1 77 251 672 | 26 33 86 YR20-21 150 165 | 304 % 622 18
YR20-03 125 14.0 53 a5 57.6 328 66 165 7.7 3766 2020/2021 Yellowstone River Bridge Geotechnical Investigation Soil Sample Laboratory Result Summary
YR20-04 75 3D 3 145 54.4 311 37 18 72 5200 Sample Location Moisture Particle Size Atterberg |R Value Chemical Analysis
Borehole From To Fines Sand Gravel Sulfate Chloride .
YR20-04 15.0 16.5 16.9 5.8 78.2 16 % 2 PL% LL%| R pH  Resistivity (Q-cm)
1D (feet) (feet) % ] % (ppm) (ppm)
YR20-04 200 215 145 7.3 B19 10.8
YR20-30 110 125 311 682 269 49 3 59 4875 195.0 34 400
YR20-03 25 4.0 2.7 o 641 259 28 113 7.8 6000 YR20-31 25 20 241 | 616 348 36 | 27 52 86 170 64 1212
¥R20-05 12.5 14.0 6.5 117 639 244 36 23 73 6000 YR20-31 75 9.0 219 578 418 04 24 a9 2160 30 35 126
YR20-05 450 455 131 405 43 16.5 134 60 7.1 1366 YR20-31 5.0 6.5 224 47 524 0.6 32 54 291 136.5 4.6 1760
YR20-06 11.0 12.5 13.7 295 447 25.8 124 42 6.8 3192 ¥YR20-31 100 115 17.1 687 312 0.1 23 52 970 77.0 7.0 498
YR20-06 310 318 147 496 371 13.3 1478 11 7.4 698 YR21-01 5.0 6.5 381 291 487 222
YR20-09 18.5 18.7 22.2 485 365 15 18 43 6595 31 6.5 326 YR21-01 100 13 336 | 450 367 183
YR20-09 25 4 43 152 3 488 257 62 73 2812 YR21-01 17.5 18.5 60 | 525 434 4l
¥YR21-01 200 215 10 620  37.1 0.9 31 49
YR20-13 6.0 75 144 277 454 269 114 1045 7.7 744
¥YR21-01 280 285 176 288 582 130 35 47 5840 238 6.7 344
YR20-13 20.5 22.0 385 336 44.4 22 1891 300 7.1 824 YR21-01 320 325 6386 183 a1 316
YR20-13 28.0 29.5 19.7 359 313 328 | 22 44 3209 52.3 4 516 VR21-01 265 270 4368 198 81 4540
YR20-14 13.0 145 15 40 446 15.4 2460 1z 75 962 YR21-01 421 429 55 301 69.9 o 658 13.0 8.2 744
YR20-14 305 32.0 278 7489 16.7 84 Invalid* Invalid* 22 206 YR21-01 115.5 116.2 453 29.0 7.2 1044
YR20-15 75 9.0 81 471 408 121 222 188 6.8 1438
YR20-15 125 14.0 8.7 413 516 7.1 227 155 7.5 1582 Notes:
YR20-15 17.5 19.0 5 418 411 171 156 18 7.9 1708 L. PL=Plastic Limit
2. LL=Liquid Limit
YR20-16 25 4.0 124 514 43.5 5.1 21 35 3. R Values are reported as the corrected R value at 300 psi Exudation Pressure.
YR20-16 5.0 6.5 98 36.8 441 191 4. Resistivity is reported at the minimum resistivity (Q-cm).
YR20-16 7.5 9.0 8.4 346 53.1 12.3 5. The shaded gray cells indicate testing that was not conducted for that sample.
YR20-17* 00 50 106 605 249 146 25 50 3 6. * indicates a bulk sample collected from the augers at the surface.
7. Invalid* = geochemical sample sulfate and chloride concentrations exceed the labaratory testing method (Hach Method 8051 and 8207).
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Geotechnical Findings

YR20-09 Downhole Temperature vs. Time Plot FOUNDATIONPIDEEglzGN DRAWING
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Holistic Solutions

* How to Deal with Ground Conditions:
1. Deeper = Hotter
2. Keep foundations shallow
3. Shallow foundations require:

1. Keep deadloads low

2. Alternative seismic solutions
4. Use steel and hollow columns for dead loads
5. Use isolation and limited ductility for seismic dema

6. Use microcrystalline wax for duct filler

= How to Deal with Constructability Issues:
1. Precast columns
2. Steel erection analysis and detailing

3. Precast deck panels

Photo courtesy of NPS/Jacob W. Frank
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General Corrosion Guidelines
Concrete deterioration increases as the

= Sulfide resistance: = Acid Resistance: pH of the acid decreases from 6.5. In
. . . fact, no hydrauli t te,

— Sulfide concentration >1500ppm - Anything < pH of 6.5 r:;ar::l?es:oﬁtjsIs:::;:s?ti;zns\flliold
considered corrosive (YRB — considered acidic up for long if exposed to a solution
6500ppm) — ACl recommendation for < with a pl-]lcof3 or Irc:wer. ToI pro’Fef:t

_ Type V cement (high sulfide oH of 3.5 is non-contact conFrete rom such severely acidic

) environments, surface treatments are
resistance) often used.

- Dense concrete preferred

Corrosion Protection from Acids and Sulfates

Sections 5.12.4 and 5.12.5 of Caltrans Amendments to LRFD Specifications provide guidance on
protection against acids and sulfates. Acids and sulfates have a detrimental effect on concrete and can
adversely affect the performance and/or service life of a structure. The acidity of soil /water is determined
by its pH value. If the bridge site data / foundation report indicates that the pH value of the soil/water is
between 3 and 5.5 or that its sulfate concentration is between 2000 ppm and 15,000 ppm, then CRC will
be required. This information should be conveyed to the Specifications Engineer.

When the pH of soil /water at the bridge location is less than 3.0 or when the sulfate content exceeds
15,000 ppm, contact the Corrosion Technology Branch.

g =
L RTINS

Photo courtesy of NPS/Jacob W. Frank
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Drilled Shaft Corrosion Protection Scheme

Ground surface/top of shaft /\

Alluvium, sand and gravel
with cobbles and boulders

A

Permanent cased zone — epoxy-coated steel casing

Cement-bentonite slurry placed in annular space between
temporary and permanent casings for corrosion resistance

Weathered bedrock with
corrosive conditions

A

Temporary cased zone - steel oscillator
casing; anticipated length of 35 feet

wdrmk embedment zone — no permanent

casing; anticipated length of 5 to 10 feet

A

Non-aggressive soil/rock with
unconfined compressive strength
ranging from 2000 to 8800 psi t
Completed drilled shaft with high-strength

corrosion resistant concrete; anticipated
diameter of 48 to 72 inches
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Precast Segmental Piers - i
= Seasonal Construction Work

Windows
- April 15t through October 31+t

= Pier Heights
- Pier 1~30’ (40’ with cap)
— Pier 2 ~148’ (158’ with cap)
- Pier 3~97’ (107’ with cap)

= Long spans = large loads

= Precast Pier Advantages

— Significant construction
schedule savings (offsite/
offseason construction)

- Higher quality materials,
tighter tolerances

- Potential cost savings

Photo courtesy of NPS/Jacob W. Frank
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A L
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= Seismic Isolation

- Elastic Response 'u, '||'l|l|| |

IJJII

I
lll!l[mm i
I !

= Energy dissipation through hysteric behavior

- Upperbound/Lowerbound analysis

= Limited Ductility Response
- Very little design guidance on precast segmental columns response in seismic zones
= Need to rely on research and sound analytical approach
- Traditional M-C analysis and pushover analysis to validate capacity
= Energy dissipation reinforcement fully grouted in the first 2 segments
= Unbonded tendons (microcrystalline wax duct filler — one of the first uses in vertical construction)

. Nonlinear static pushover using spine + linear time history model using solids/bricks Photo courtesy of FHWA



Yellowstone River Bridge Jacobs

Photo courtesy of Jacobs Engineering

©Jacobs 2026
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Photo courtesy of Jacobs Engineering



Yellowstone River Bridge Jacobs

= Seismic Strategy

— Energy dissipation reinforcement
= Debond at joints to prevent premature rupture
= Grout in corrugated ducts for high bond strength
= Template to avoid conflicts with precast columns

— PT Tendons and Bars
= Smooth ducts with microcrystalline wax flexible filler designed to distribute strain
" |ncreased area to prevent rupture

— Stiffness balancing
= For elastic analysis send as much demand as possible to stiffest elements (abutments/Pier 1)
= Balance by adjusting isolation bearing parameters (characteristic strength/yield displacement)

Photo courtesy of Jacobs Engineering

19 ©Jacobs 2026
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= Superstructure
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= Superstructure

100’ to 104’ parabolic

L arg avut, 1 =& rg. Pler 1 :

zor | az ; w00 haunched piece

+
Top Flange || PL1"x 24" L PLTx 36" AL %3Gt P2y 367 JPL%T k38T Pt x30n L 1%" x 28"
| Az 400" 20-0" | 50-0" 30-0" 400" 200-0"
. 10" 1-0" 16" i 16" 10"
| 2 spa 25pa. @, 25pa. @ 2 spa. @ 2 spa. @
»8, =10 Bt . 02 8, S Ot
| 9 2q. spa = S (see table for values) a'=1 & |J o §=10 o=
Shear Connector spg,_|: 88 spa. @ 1'-6" = 132-0" 24 5pa. @ 76 spa. @ 1-3" = 950" 24 5pa. @ 130 spa. @ 16" = 195™-0"
} 1 50-0" 1-6" = 360"
5-0" | 110-0" 10070" 1 ¥

Longitudinal stiffener
kept webs to 7/8”

Limits of paint . nsion flange top |
to exposed surface i
of steel

Tension flange top |
]

/ Shear Stud %@ x 77 (typ.)

Tensian flange fop “

‘{ Web PL 7" x Varles
8-0" Min. to
130" Max.

12° % 13" Longitudingl —_}

web stiffener tt‘eb PL 7" 5 Vanes

End of Girder —_ |

\Web PL %" x 80" -\

f\ web PL %" x 80" \h

/

9°-0" Min. to

1307 Max, -}_\

€ bolted field splice #1 /

|/
€ boited ﬂ?-'dlsphce #2

\ web PL %" x 907

—

|
a0 ived ||

€ bolted field splice #3
I

¢ bolted field splice #4

!—-— G Brg. Pier 2

12" x 1% *

0o 400-0" 400"-0"
Field Spiice Location a3 500 parabolic haunch | " Canstant depth T“'n PL 1% x 28" BL 2% % 327 ) . PL 2% x 32" ) BL 1% x 28"
Battom Flange PL 1% x 26" | PL 1% x 36 PL 24" x 407 L 1% x. oe 20007 s8-0" e . L L e
Az T 400" 100-0" 40-0" 16" 10 10" -0 o i 1-0 1-0 10 21 il o
a4 25pa. @ 2spa. @ 6= 10" 5pa. @, 2508, @, 2 spa. @ 6"= 10" e
' Tension flange bottom ' GIRDER ELEVATION &= 10 =10 . 6"= 1 -%‘ =6
Shear 130 spa. @ 1-6" = 195'-0" 36 &pa, @ 80 gpa, @ 1'-3" = 100°-0" J6 gpa. @ 130 spa. @ 1'-6" = 195-0"
Connactor spa. 6" = 540" I 16" = 54-0"
BE-0 104-0* &HE'-0°
Shear Stud 768 x 7 (typ. J|\_£hﬁms‘bn flange top i Tension flange top 520" I Tension flange top |
T
‘_RH" — Wab PL %" x varies
| §-0% min. ta
Web PL %" x 90"

-‘-\

—] 130" max—— v
Longitudinal —
L web PL %" x 90" \wmﬁsmmﬁ s : = hy
| 5
/ / y \
— ¥
: |
 bolted field splice #5 ) 0 saege ) )
§ bolted field spiice #6 See Detail =€ o  bolted field spiice #7 § bolted fief
14m0" | ¢ 420" (typ.) | Loiice #a
Field Constant depth 1~ " Parabolic haunch
Splice 120-0" 103-0" 0040 103-0" 120-0"
Tocation 1 | 1
Bottom PL 14" x 30" | PL 24" x 347 PL 2% x 44" PL 2% x 34" I PL 1% x 307
Flange 200-0" j 580" 104-0" 58-0" N 198-0"
22007 900" to CL Pier 2 | 900" to CL Pier 2 | 2200

Tension flange bottom

GIRDER ELEVATION

Tension flange bottom

Photo courtesy of Jacobs Engineering



Yellowstone River Bridge vacobs

= Superstructure

p—— @ Brg. Pier 2

20 Spa. @ 20°-0" = 400'-0" 20 Spa. @ 20'-0" = 400-0"

100" 100"
Intermediate transverse stiffener 6 spa. @ 20-0" = 120-0" 1\ X ,/__ 6 spa. @ 20°-0" = 120'-0"

// ¢ Gdr. A ‘ See Detail € ~ See Detail 8~ See Detail C ‘
= T T T T =1 \ T /\|
1 | 17 L7 | |- I
I I 1

=

I
T

m /@Roadway&@t‘}dr.c \\@Gar. Bl\f/ l\kr/ Im! \‘/

I
| |
| o | | | | | | | | | | [ i [l i [l — i [l i [l i [l | [l
I | I I I I I — [ | 1T T T — T T T il | T
F\ﬁ [}
C / Ql ear. b ‘ ‘ See Detail D
| = b A A A A A A A AT E T h A A A = <l
: | | VAN
£
— I I I I — | I L1y 1 i [ I I I I —
o gene “USISISG O e = ey / S
See RG3162-AC, Note 9 Type 1 stiffener (typ.) Type 2 : Type 1 Lateral bracing

GIRDER FRAMING PLAN

Lateral bracing in
exterior bays only

Photo courtesy of Jacobs Engineering
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Photo courtesy of NPS/Jacob W. Frank
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Photo courtesy of NPS/Jacob W. Frank
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Thank You! vacobs

Questions & Answers
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