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Bridge Replacement

New Mexico’s First Cast-In-Place Segmental Bridge



American Segmental Bridge
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US54 Canadian River Bridge

* Kim Coleman, PE, Bridge Bureau Engineer

— New Mexico Department of Transportation

* Nyssa Beach, PE, Structural Engineer

— Jacobs Engineering










US 54 Canadian River Bridge Replacement

New Mexico’s First Cast-In-Place Segmental Bridge



Where is the project? %
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Why do we need
this project?

* Existing steel deck truss
bridge was built in 1954,
rehab in 1984

* Poor condition
* Narrow
* Load restricted

* Fracture Critical
Connections
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(Photo Credit: Wikipedia.com)

What project do
2. we need?

US 54 is the main trucking corridor from
Chicago, IL to El Paso, TX

* 50% truck traffic
e 125 mile detour
* Oversize/Overweight

* Commerce from the US54 corridor is
critical to the Village of Logan. It was vital
to the community that there was no
disruption to the traveling public.

- Replace bridge
* Address existing deficiencies
* Improve safety

* Ensure future viability of US 54
Corridor



Logan, NM Public Involvement

e Public Involvement was critical
to this rural project

— The US 54 corridor is essential to
the Village of Logan’s economy
and livelihood and drew
considerable input.

— An alignment that maintained
access through Logan but could be
built off-line was imperative to
maintain and ensure future access
through Logan.

American Segmental BridgelMl




Selected Alternative
* Offset alignment to the east of the existing crossing
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Additional Constraints

* Avoid the river
* Canadian River- “Special Waters”
* Two State-listed fish species
* One Federally-listed fish species

* Avoid the wetlands
* Maximize span length

e Construct primarily from above
Pep pe red Chub (Photo Credit: Project Noah)

Arkansas River Shiner (proto credit: wikipedia.com)



Structure Type Selection

ble Sir Type
0" to 1500" height.
above in pieces in B members are
progressive weathering stl can | aesthetically
cantilever eliminate paintin
ble Str Type
250" to 1500 Constructed from
Fracture critical abaove in pieces in
redundancy are | progressive
cantilever
Conventional
Limited access
from below, deep Weathering st can
Steel Plate 0" ravine imats 7 eliminate painting,
span length Launched semi-intearal abuts
Conventional Constructed from assist EJ and
structure type above, launched 52 routine
maintenance
Viable Str Type Cast with form Variable depth,
250" to 750" travelers from High-strength PT trapezoidal box i

Steel Through
Truss

Segmental & fi 7 e 2 concrete reguires | aesthetically
low maintenance

Trapezoidal box
Precast Viable Str Type with long deck
Segmental 200" to 450" span High-strength PT
length efficient for concrete requires
longer 5 i low maintenance

Cast-in-Place Segmental
—  Efficient for long spans and horizontal curve geometry
—  Constructed primarily from above, no impact sensitive wetlands
—  Construction cost lower than alternatives, especially considering rural constraints.
— Low Maintenance in the future

—  Aesthetically pleasing, simplistic curving profile against the desert landscape
American Segmental Bridge/dnstitute



Cast-In-Place Segmental Design

American Segmental Bridge&l



Jacobs Design Software — Midas Civil 3D

Pros:
- Staged Construction Modeling
- Input of segments and post-tensioning with variable geometry 1.2.2 Calculation of RF
Midas Civil's PSC Bridge Load Rating function uses the below equation [3.2] upon the
Cha | |e nges: request of the California Department of Transportation (Caltrans).
- Load Rating incorporating construction stage loading e C- X001 D)~ XDV SR~ )~ XUSES 1, XAP)

- Continued issues with load rating equation in module )PP (32)
- Interaction between superstructure and columns design

McNary Bergeron Longitudinal Construction Analysis — BD2

I I N e iy il Wl ol PN, SR WM i i 2 -
i e

ixizﬁﬁﬁiiﬁﬁ_ﬂﬂaa

—_—
—_—_—



54 Bridge Span Layout

THREE CONTIUOUS SPANS § BRG. TO § BRG. = 738'-0%, HL 93 LIVE LOAD: NMDOT P327-13 PERMIT TRUCK

CAST-IN—PLACE POGT-TENSIONED COMCRETE SEGMENTAL BRIDGE T '|

§ BRG. ABLTMENT Mo. 1  PER No. 1 G BIER Mo 2 G BRC. ABUTMENT Na, 2
STA. 1 BA-+B5.00 | ST 1BE+ES.00 STA 171+80.00 ETA. 174+00.00

| ELEV. 3730.40 E ELEV. 373227 ELEY. 3738.80 ELEV. 3745.54

| '

| Z00'=0" (SPAN 1) | 325'-0" (SPAN 2) 210°-0" (SPAN 3)

| T BRG. ASUTMENT TO ¢ PER I g FIER T0 g PIER @ BRG, PIER 10 § ABUTHENT

1 1

| — 42" CONCRETE BRIDGE

1

/' BARRIER RAILI

American Segmental BridgelMl



US 54 Bridge Section
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PROVISIONAL DUCT ! 4" LO. DUCT FOR
3'% DUCT (TYP.) CANTILEVER TENDONS 1 27" 19x0.6" DIA. TENDON
1 THRU 19 (TYP.) 4" 1.0, DUCT FOR — ANCHORAGE SYSTEM (TYP.)
Dep 19x0.6" DIA. TENDON PROVISIONAL TENDON ANCHOR
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SOVVIWAT U 54 Canalan Hver Finad DesigriMOCADEAME 5T

G ABUTMENT 1

FIER TABLE 1

CANADIAN RIVER

1. CONSTRUCT FOUNDATION, PIER COLUMM AMD PIER TABLE AT PEERS 1 AND 2.
NOTE: CONTRACTOR IS RESPONSIBLE FOR MEANS AND WETHOOS, AND DESIGN

OF TEMPFORARY FALSEWORK TD CONSTRUCT AND POUR THE FIER TABLE
SUBMIT TEMPORARY FALSEWORK TO MWOOT.(%)

FORM TRAVELER TYF.
T ABUTWENT 1

/ END SPAM 1

‘(.

TENDON C1-1

CAMADIAN RIVER

3. ERECT FORM TRAVELER ON THE PIER TABLE,

£, SET FORMS TD MEET SEGMEMT GEOMETRY AND PFLACE REWFORCING AND
POST-TENSICHING FOR SEGMENT 1-1.

8, CAST SEGMENT 1-1,

6. ONCE CONCRETE STRENGTH REACHES 3500 PSI, STRESS TRANSVERSE TENDONS
AMD CANTILEVER TEMDON Ci—i.

NOTE: ORDER OF BALANCED=CANTI
BE DONE INDEPENDENT OF EACH OTHE]
COMTRACTOR'S PROPOSED SCHEDULE AND SEQUERCE,

LEVER FIER CDKETEUCTIUN AND END SPANS CAN
. AMD CAN BE ADJUSTED TO MEET TWE

INFORMATION SMOWH FOR THE CONSTRUCTION SEQUENCE ILLUSTRATES THE
ASSUMPTIONS MADE 7Y THE ENGNEES DURING DESIGN OF THE STRUCTURE. THE
C 5 RESFONSIELE FOR_DETERMINING THE FIMAL CONSTRUCTION

WHICH SUMS THE DESRED MEANS AND METHODS. DFI')'.ILS EIF 'I'HE AL
I:DNSTRUI:TIBN SEQUENCE SHALL BE SUBMTTED TO NWDOT FOR R
APPROVAL(*) SEE PROMECT SPECIFICATIONS FOR LIMTATIONS AND ADCIITIDN.N. INFORMATION.

B. THE STRUCTURE HAS BEEM CESIGNED FOR CONSTRUCTION LOADS USING THE ASSUMED
CONSTRUCTION SEQUENGCE N ACCORDANCE WITH THE AASHTD LRFD AND AASHTO SEGWENTAL
I;UIDL sFEcl u;nmns, THE CONTRACTOR 15 RESPONSIBLE FOR CHECKING THE STRUCTURE

E ACTUAL CONSTRUCTION SEQUENCE AND LOADING, SUBMT A CHECK QF
THE #ETLW.. SE:IUE.NCE AND LDADING TO MMDOT FOR REVEEW AND APPROVAL.(®)

€, TRAVELER WEIGHT OF 150 KIPS WAS ASSUNED FOR THE DESIGN. ACTUAL TRAVELER WEKHT
AND CONSTRUCTION LOADING I5 TO BE EVALUATED AND SUBMATED &Y THE CONTRACTOR
FOR APPROVAL BY NMOOT.(*)

DESCNED BY: WS CRAMN SYAE. GHECKED BYiMWE. PLOT DATE QLAZAT

PIER TABLE 2

2. CONSTRUCT FOUMDATIONS AT ABUTMENTS 1 AND 2.

WOTE: ABUTWENT AND PIER CONSTRUCTION CAN BE DONE NDEFEMDENT OF EACH OTHER
AMD ORDER CAN HE ADJUSTED TO WEET THE CONTRACTOR'S FROPOSED SCHEDULE AND SEQUENCE

| PIER 2
!

\—‘PII.'F TABLE 2

T. CAST END SPANS 1 AND 3 IN—PLACE ON FALSEWORK.

NOTE: CONTRACTOR 15 RESPONSIBLE FOR MEANS AND METHOOS, AND DESIGN OF
TEMPORARY FALSEWORK TO CONSTRUCT AND POUR END SPANS.

COMTRACTOR 15 RESPOMSIBLE FOR THE STABILITY OF THE STRUCTURE AND
TEMPORARY WORKS DURING CONSTRUCTION,

= SUBHIT\'ALS MUST a: PRESARED BY A
SEI0MAL EN £D |

NEER LICENS! L
N€I‘ MEXICO WFI'H 8 YEARS OF SEGMEMNTAL
DESIGN AND CONSTRUCTION EXPERIEMCE.

NEW MEXICO DEPARTMENT
OF TRANSPORTATION

Us 54
OVER CAMADIAN RIVER
BRIDGE HO. 9747

CONSTRUCTION SEQUEMCE 1 OF 4

SHELT MO, S=70

reeaoven ron cossuenon: M mbes i eBilhlﬂ.iL_ wre: Y13 2onT STH. 18848500
3




AT T 8aheens-§0 USE4 DOMST-SEQU 2 4abwg, LIGRHT 110047 Al Aciube FOF

1 Tramszortal inel VRS US 54 Canadlas Bissr Final B

cowRO. Me. | sHeE he
1004 580

FORM TRAVELER TYP.

& AHUTMENT 1

| END SPAN 1
.

-SEGUENT -2

3. OeCE TEN o —

Do - RESSED ALVAMCE FLRM TRAYELER 8
To PROVIDE ROOM ON THE PIER TASLE TO ERECT THE SECOND FORM TRAVELER,
9. SET FORMS TO MEET SEGMENT GEOMETRY AMD PLACE REINFORCHMG AND POST-TEMSIOMING
FOR SEGMENT 1-2.

10, CAST SEGMENT 1-2

11. ONCE CONCRETE STREWGTH REACHES 3300 PS5, STRESS TRAMSVERSE TEMDOMS
AND CANTILEVER TENDON C1-2.

FORM TRAVELER TYP.
TENDON Ci-18

SECHENT 1-18
SEGMENT =19 “—FIER TABLE 2

SANADIAN RIVER

12. CONTMUE SEQUENCE OF CASTING THROUCH SECMENT §—14. ALTERMATING CASTING
onﬂnimnrll uw.\é?cra CHD TO WINIMIZE CANTILCVER LOADIMG TO MO WORD TIMN J SCGMENT

REWISKINS
TYPICAL ERECTION SEOUENZE ASSUMED 15: TESCRPTION e [ & |
DOWNSTATION CAMTILEVER UPSTATION CANTILEVER
STEF 1 | ADVANCE TRAVELER, TO CAST MEXT | FIMAL SETUS FOR CASTNG NEXT
COWHSTATION SEGMENT UPSTATION SEGMENT
p— P ——— NEW MEXICO DEPARTMENT
OF TRANSPORTATION
STEP 3 INSTALL AND STRESS POST-TENSIONING US 54
STEF & | FIMAL SETUP FOR CASTING HEXT ADVANCE TRAVELER, TO CAST MEXT
DOWNSTATION SEGMENT UPSTATION SEGWENT OVER CANADIAN RIVER
BROGE WO 9747
STEF & | CAST DOWNSTATION SEGMENT
STEP 8 INSTALL AMD STRESS POST-TENSIOHING CONSTRUCTION SEQUENCE 2 OF 4

DESGHED B: JSU DRAWN BV AP, CHECKED IV:HUE, PLOT DATE: QL0207 APPROVED FUR COMTTRIKTION: _!{LW (‘al]j!.l._kj_\._ DATE: L/\"rjlm“ | ST, 18846500 SHEET HO. S-80
-



= SiE
5-f1
€ ABUTMENT 2
/—TENDMJ 218 ™,
I
"\L 'L"L“-L-L—-'__. i
- SEGMENT 1-19 EGMENT 2-18
CAHABLAK BAER
B ' CANTILEVER EMD TO MINIMIZE CANTILEVER LOADING TO MO MORE THAN ) SEGMENT
CUT—OF —BALANCE.
TYPICAL ERECTION SEQUENCE ASSUMED IS:
DOWNSTATION CANTILEVER UPSTATION CANTILEVER
STEF 1| ADVANCE TRAVELER, TO CAST MEXT | FIMAL SETUF FOR CASTING MEXT
DOWHSTATION SEGMENT UPSTATION SESMENT
STEF 2 | CAST UPSTATION SEGMENT
STEF 3 INSTALL AND STRESS POST-TENSIONING
STER 4 | FINAL SETUR FOR CASTING NEXT ADVAMCE TRAVELER, TO CAST MEXT
DOWNSTATION SEGMENT UPSTATION SEGMENT
STEP 5 | GAST DOWNSTATION SEGMENT
ABUTWENT 1 ABUTWENT 2
LN SEGMENT 2-13
SEGMENT 1-18— \ — SESMENT 2-18
SEGMENT 1-18 |
—SPAM I CLOSURE SEGMENT
= ™~ CAMADIAN_RIVER
DATE | BY
AFTER TENDOM C2-18 15 STRESSED, REMOVE FORM TRAVELER FROM SEGMENT 2-19 () SUBMITTALS MUST BE PREPARED BY A -
FROFESSIOMAL EMGINEER LICENSED IN N EE— -

LAUMCH TRAVELER SOUTH TO POUR SPAN 2 CLOSURE SECMENT. TRANSFER HALF OF THE TRAVELER WEIGHT WEW MEXICO WITH 5 YEARS OF SEGMENTAL

0 DEPARTMENT

OF TRANSPORTATION
Us 54

OVER CANADIAN RIVER

BRIDOE NO. G747

17. IF REQUIRED, ALIGN CANTILEWERS FOR SPAN 2. ALIGNMENT FORCE AMD ASSOCIATED
DISFLACEMENTS MUST BE SUBMITTED AND APFROVED BY WWDOT PRIOR TO ALIGNING.(*)

18. SET FORMS AND PLACE REINFORCING AND POST-TENSIONMING FOR THE SPAN 2 CLOSURE SEGMENT.
15, CAST CLOSURE SEGMENT I SPAN 2.

20. OMWCE GONCRETE STRENGTH REACHES 3500 PSl, STRESS TRANSVERSE TEWDONS M
CLOSURE SEGMENT AND TWO PAIRS AMD BOTTOM SLAB CONTIMUTY TENDOWS M SPAN 2. ONCE THE CONCRETE
STRENGTH REAGHES 5,500 FSI REMAINING BOTTOM SLAS CONTINUMY TENDONS IN SPAN 2 CAN BE STRESSED.
STRESS TEMDON BZ-T FIRST.

CONSTRUCTION SEQUENCE 3 OF 4

)| GESGHED BY: JfSAL DRAWW Bl CHECHED Dbl PLOT DWTE: QU247 APPROVED FOR GONSTRUCTION: Ji.lmhi.‘\_].u CB-\II._I.n\_ll\. mrt::\)ﬁiilﬁﬂ_ STA 18848500 SHEET MD. 5=81
=



I Ha. I SHETT ho

S-82

ABUTMENT 1

SPAN 1 — SPAM 3

SPAN 3 CLOSURE SEGMENT

CANADIAN RIVER

22, IF REQUIRED, ALIGN CANTILEVER IN SPAN 1. ALIGNMENT FORCE AND ASSOCIATEI
DISPLACEMENTS MUST BE SUBMITTED AND APPROVED B NMDOT PRIOR TO .quﬁmhcc Y

23, SET FORMS AND FLACE REINFORCING AND POST-TENSIONMG FOR THE SPAN 1 CLOSURE SEGMENT.
24. CAST CLOSURE SEGMEMT M SPAN 1.

25, OMCE COMCRETE STREMGTH REACHES 3800 PS|, STRESS TRAMSVERSE TENDONS (N

SEGMENT AND TWCI PAIRS OF BOTTOM SLAB CONTMUMY TENDOWS IN SPAN 1.

CLOSURE
OMCE THE CONC! E3 5500 P3l REMAIMING BOTTOM SLAB CONTINUMY TEMDONS
Can BE STRESSED. STRESS TEMDON Bi-& FIRST.

26, REMOVE EMD SPAN 1 FALSEWORH.
REPEAT PROCESS FOR SPAN 3.

A-datwy. L112007 72031 PAA, Aubedse PDF
B
B

SPAN 2

BRIDGE RMLING

CAHADIAN RIVER

28, INSTALL EXFANSION JOWNTS AT ABUTMEMTS 1 AMD 2. {*) SUBMITTALS MUST B PREFARED EY A
PBUFESSIUNAL ENI;lNEER LICEMSED M

26, CAST BRIDOE RNLING SER NMOOT STANDARD DRAWING 514—03—1/8 THRU B/6. MEXICO WITH 5 YEARS OF SEGMENTAL
DEI"‘N AND COMNSTRUCTION EXPERIENCE.

NEW MEXICO DEPARTMENT
OF TRANSPORTATION

30, APPLY POLYESTER COMNCRETE OVERLAY AS A LEVELING COURSE AND JOWNT SEALER.

4
OVER CAMNADIAN RIVER
BRIOGE NO. 4747

CONSTRUCTION SEQUENCE 4 OF 4

DESGHED BY: JEN ORMWH EYAIE CHECKED BVMJE.  PLOT DATE: BLAZST ARPROVED FOR CONSTRUCTION: \:Lu Pﬁ; I ET ﬂm STA VEG+ER00 ST WO 5-B2




Construction Engineering Support

 Comprehensive Concrete Repair Plan
e Post-Tensioning and Grouting Support
 Geometry Control QA

* Top of Deck LiDAR Scan and Heat Map

US54 Canadian River Bridge
Concrete Repair Plan MI
Hannah Jo BeaCh' Age 6 American Segmental Bridge



Comprehensive Concrete Repair Plan

Figure 5: Photograph of Segment 2-1 overlaid with Impact Echo results. Yellow circles indicate
questionable conditions, and red circles indicate poor conditions. The points that do not have circles
are sound conditions. The horizontal measurements are measured from the south joint, which is the
left side of the photograph.

Project Concrete Repair Plan
identified approved products for
repair and acceptable limits for on-
site repair without further
engineering review.

More significant concrete repairs
involved project team coordination
and, when necessary, advanced
investigation such as NDT.

American Segmental BridgelMl



tion %

Elonga

Post-Tensioning and Grouting Support

Cantilever 1 Longitudinal Tendon Elongations

US 54 Canadian River

10 Cantilever tendon elongations shorter than theoretical
Elongation that is more than 7% short (<-7%)
Is the Elong NO Prior to anchor set:
within 7% of the
5 thoeretical? 1. Hold pressure and
restress back to 659 kips
should any pressurre Total Elongation is
reduction occur and within 7% of the
measure any additional theoretical Tendon elongation
0 N Left Tendon elongation. and stressing is
411 1561 1 12 2 B2 AR 2 2762 2911 2311 Right Tendan - o acceptable
1 Tendon elongation If the total elongation is
7% and stressing is still more than 7% short
7% acceptable (<-7%)
= P Linear (Left Tendon)

2. Increase jacking load to
Linear [RightTendon) 677 kips & measure any
additional elongation.

1-2
13
1-4
1-5
16
17
1-8
19
1-10
1-11
1-12
1-13
1-14
1-15
116
1-17

0 Elongation is still
-10 g more than 7% short
(<-7%) The dead end anchor
After anchor set. force matches or

1-19

exceeds the theor dead
3. Perform a dead end lift |  end anchor force Tendon stressing is

s off to verify load transfer

Cantilever Tendon Length to the dead end anchor.
Record lift off pressure
and dead end load.
Dead end anchor l

force is low

4. Stress the tendon from
the dead end, to initial
stressing force of 659
kips. Measure any
additional elongation Tendon stressing is
from the dead end
stressing for
documentation.

American Segmental BridgelMl




Geometry Control QA

* McNary Bergeron performed
Geometry Control for Segmental
Construction.

e Jacobs provided Geometry
Control QA and Geometry Control
Survey QA.

US 54 Canadian River Elevation As-Cast

0.150
End Span 1 Pier 1 Pier 2 End Span 3
0.100 I

0.050 !
-0.015 |
| [ 0.016 E .
0.000 @< ~
16660 @ 16760 168 16960
-0.050 |
: 0052 "/

! -0.055
-0.100

-0.150




Horizontal Geometry Control QA

0.069313

0.008797
——=—




Top of Deck LiDAR Scan and Heat Map

1S54 LiDAR COMPARISON

DATE OF FIELD SURVEY
1072072020

A TERRESTRIAL LASER SCAN
WaS PERFORMED T0 MAF

BRIDGE A OF 10/20/20.

A 2'%2 GRID OF POINTS WAS
LAID ON LIDAR DATA AND A
EXISTING® SURFACE WAS
BUILT FROM THE LIDAR FOINTS,

A SURFACE WAS BUILT FROM
THE “THEORETICAL
CODRDINATES AT PHASE
2001-POUR BARFIER
REPRESENTING THE DESIGN OF
THE BRIDGE

THE COMPARISON RESULTS OF
THE “IESIGN" SURFACE AND
THE “EXISTING” SURFACE ARE
SHOWN_ BELOW IN THE TABLE
AND HEAT MAP.

American Segmental BridgelMl



Construction Challenges: Local Workforce Training

O MALCOLM
oy INTERNATIONAL 7

I\;ialcolm Segmen Rebar Mockup and |

Form Traveler Sketch-Up Models)m'
American Segmental Bridge




Construction Challenges: Weather

American Segmental Bridgeml



Construction Challenges: Ready-Mix Concrete Supply

Pacheco Construction & Trucking Batch Plant Relocated to Logan
Dry-Batch Facility

NMDOT Approved Supplier in Tucumcari &I
American Segmental Bridge




US54 Construction Photos MI




Pier Table and

Form Travelers at
Cantilever 1

American Segmental BridgelMl




Ryl
| :

4

Cantilever 1 MI



E Construction
§ of Pier Table
2 during the
¥ casting of
Cantilever 1

American Segmental BridgelMl




Cantilever 2 MI
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Design
NMDOT @ Jacobs ® FHWA

Collaboration
and Teamwork

Construction
* Jacobs: NMDOT’s Engineer, Phase Ill Services
« NMDOT and FHWA: Project Oversight
* Fisher Sand and Gravel: Prime Contractor
e Malcolm International: Bridge Subcontractor

* McNary Bergeron: Malcolm’s Engineer ‘MI
American Segmental Bridge




Collaboration and Teamwork

McNary NMDOT
Bergeron Bridge
Critical for ensuring that
full team is informed, McNary Niel
. . Bergeron Bridge
and decisions are

documented

Official Line of
Communication for the
project.

NMDOT Bridge
NMDOT PM

Fisher
Malcolm

Malcolm/

Time critical and Bergeron

collaboration-dependent
items required variation (with
approval) for efficiency.




“This is YOUR Bridge”

Logan School District Presentation

Segmental Bridge Design

(aka — grown ups who never wanted to stop playing with Legos)

American Segmental Bridge/dnstitute



Teaming with ASBI
= = S 1une12,2019: AsB provided on-site

grouting training in Logan NM with
NMDOT engineers and inspectors

Special thanks to:
Gregg Freeby
Greg Hunsicker
Brian Merrill
Ingrid Ramsey

American Segmental Bridge&l



Existing US54 Steel Deck Truss Bridge Demo

Challenges Include:
* Lead Paint Mitigation

 Protection of Sensitive
Environmental

-~ Wetlands

~* Safety

American Segmental BridgelMl




Thank you for your time!

QUESTIONS?

This concludes the educational content of this activity

Kimberly.Coleman@state.nm.us

Nyssa.Beach@jacobs.com

- N | .

Wl iesas, wacobs
Challenging today.
Reinventing tomorrow.

American Segmental BridgelMl
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