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▪ Creating Holistic Solutions

▪ Building in Challenging 
Environments

▪ Fostering a Collaborative 
Environment of Innovation

©Kendra Hoff/CLLC

Photos courtesy of Jacobs Engineering
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Northeast Entrance Road/North Loop 
of the Grand Loop Road

Yellowstone River Bridge

Images courtesy of NPS
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Existing Bridge and Alignment

▪ Scour critical

▪ Steep alignment with sharp curves

▪ Deteriorating deck

▪ Two-girder system

▪ Can not be closed to public traffic

Photos courtesy of Jacobs Engineering



©Jacobs 2026

Swatches (use eye dropper tool)

51
51
51

165
165
165

200
200
200

230
230
230

35
30

220

10
125
255

90
230
255

0
30
85

111
0

110

168
0

168

215
165
245

70
15
50

215
40
80

255
70
95

255
145
145

105
10
40

255
160
20

255
180
30

255
220
120

160
75
0

0
125
85

10
210
135

120
250
200

0
65
45

255
97
0

146
39
0

255
202
143

255
134

0

©Jacobs 2026

Yellowstone River Bridge
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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 
transitions in spans 1 & 4

Constructability Challenges
▪ Tall columns with challenging 

concrete production

▪ Seasonal construction windows 
(April-October)

▪ Shipping constraints



©Jacobs 2026

Swatches (use eye dropper tool)

51
51
51

165
165
165

200
200
200

230
230
230

35
30

220

10
125
255

90
230
255

0
30
85

111
0

110

168
0

168

215
165
245

70
15
50

215
40
80

255
70
95

255
145
145

105
10
40

255
160
20

255
180
30

255
220
120

160
75
0

0
125
85

10
210
135

120
250
200

0
65
45

255
97
0

146
39
0

255
202
143

255
134

0

©Jacobs 2026

Yellowstone River Bridge

6

Geotechnical Findings



©Jacobs 2026

Swatches (use eye dropper tool)

51
51
51

165
165
165

200
200
200

230
230
230

35
30

220

10
125
255

90
230
255

0
30
85

111
0

110

168
0

168

215
165
245

70
15
50

215
40
80

255
70
95

255
145
145

105
10
40

255
160
20

255
180
30

255
220
120

160
75
0

0
125
85

10
210
135

120
250
200

0
65
45

255
97
0

146
39
0

255
202
143

255
134

0

©Jacobs 2026

Yellowstone River Bridge

7

Geotechnical Findings
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Geotechnical Findings
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Geotechnical Findings
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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 demands

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

▪ Sulfide resistance:

− Sulfide concentration >1500ppm 
considered corrosive (YRB – 
6500ppm)

− Type V cement (high sulfide 
resistance)

− Dense concrete preferred

▪ Acid Resistance:

− Anything < pH of 6.5 
considered acidic

− ACI recommendation for < 
pH of 3.5 is non-contact

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.

Concrete deterioration increases as the 
pH of the acid decreases from 6.5. In 
fact, no hydraulic cement concrete, 
regardless of its composition, will hold 
up for long if exposed to a solution 
with a pH of 3 or lower. To protect 
concrete from such severely acidic 
environments, surface treatments are 
often used.

Photo courtesy of NPS/Jacob W. Frank
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Ground surface/top of shaft

Weathered bedrock with 
corrosive conditions

Non-aggressive soil/rock with 
unconfined compressive strength 
ranging from 2000 to 8800 psi

Bedrock embedment zone – no permanent 
casing; anticipated length of 5 to 10 feet

Permanent cased zone – epoxy-coated steel casing

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

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

Alluvium, sand and gravel 
with cobbles and boulders

Completed drilled shaft with high-strength 
corrosion resistant concrete; anticipated 

diameter of 48 to 72 inches

Drilled Shaft Corrosion Protection Scheme
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Precast Segmental Piers

▪ Seasonal Construction Work 
Windows

− April 1st through October 31st 

▪ 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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Photo courtesy of FHWA

▪ Seismic Isolation

− Elastic Response

− 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
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Photo courtesy of Jacobs Engineering
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Photo courtesy of Jacobs Engineering
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Photo courtesy of Jacobs Engineering

▪ 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

▪ Increased 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)
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Photo courtesy of Jacobs Engineering

▪ Superstructure
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Photo courtesy of Jacobs Engineering

▪ Superstructure

Longitudinal stiffener 
kept webs to 7/8”

100’ to 104’ parabolic 
haunched piece
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Photo courtesy of Jacobs Engineering

▪ Superstructure

Lateral bracing in 
exterior bays only
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Photo courtesy of NPS/Jacob W. Frank



©Jacobs 2026

Swatches (use eye dropper tool)

51
51
51

165
165
165

200
200
200

230
230
230

35
30

220

10
125
255

90
230
255

0
30
85

111
0

110

168
0

168

215
165
245

70
15
50

215
40
80

255
70
95

255
145
145

105
10
40

255
160
20

255
180
30

255
220
120

160
75
0

0
125
85

10
210
135

120
250
200

0
65
45

255
97
0

146
39
0

255
202
143

255
134

0

©Jacobs 2026

Yellowstone River Bridge

24

P
ho

to
 co

urte
sy o

f N
P

S/Jacob
 W

. Fra
nk



©Jacobs 2026

Swatches (use eye dropper tool)

51
51
51

165
165
165

200
200
200

230
230
230

35
30

220

10
125
255

90
230
255

0
30
85

111
0

110

168
0

168

215
165
245

70
15
50

215
40
80

255
70
95

255
145
145

105
10
40

255
160
20

255
180
30

255
220
120

160
75
0

0
125
85

10
210
135

120
250
200

0
65
45

255
97
0

146
39
0

255
202
143

255
134

0

©Jacobs 2026

Yellowstone River Bridge

25

P
ho

to
 co

urte
sy o

f N
P

S/Jacob
 W

. Fra
nk



©Jacobs 2026

Swatches (use eye dropper tool)

51
51
51

165
165
165

200
200
200

230
230
230

35
30

220

10
125
255

90
230
255

0
30
85

111
0

110

168
0

168

215
165
245

70
15
50

215
40
80

255
70
95

255
145
145

105
10
40

255
160
20

255
180
30

255
220
120

160
75
0

0
125
85

10
210
135

120
250
200

0
65
45

255
97
0

146
39
0

255
202
143

255
134

0

©Jacobs 2026

Yellowstone River Bridge

26

P
ho

to
 co

urte
sy o

f N
P

S/Jacob
 W

. Fra
nk



©Jacobs 2026

Swatches (use eye dropper tool)

51
51
51

165
165
165

200
200
200

230
230
230

35
30

220

10
125
255

90
230
255

0
30
85

111
0

110

168
0

168

215
165
245

70
15
50

215
40
80

255
70
95

255
145
145

105
10
40

255
160
20

255
180
30

255
220
120

160
75
0

0
125
85

10
210
135

120
250
200

0
65
45

255
97
0

146
39
0

255
202
143

255
134

0

©Jacobs 2026

Yellowstone River Bridge

27

P
ho

to
 co

urte
sy o

f N
P

S/Jacob
 W

. Fra
nk



©Jacobs 2026

Swatches (use eye dropper tool)

51
51
51

165
165
165

200
200
200

230
230
230

35
30

220

10
125
255

90
230
255

0
30
85

111
0

110

168
0

168

215
165
245

70
15
50

215
40
80

255
70
95

255
145
145

105
10
40

255
160
20

255
180
30

255
220
120

160
75
0

0
125
85

10
210
135

120
250
200

0
65
45

255
97
0

146
39
0

255
202
143

255
134

0

©Jacobs 2026

Yellowstone River Bridge

28

P
ho

to
 co

urte
sy o

f N
P

S/Jacob
 W

. Fra
nk



©Jacobs 2026

Swatches (use eye dropper tool)
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Questions & Answers
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