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Disclaimers

+ The U.S. Government does not endorse products or manufacturers. Trademarks or
manufacturers’ names appear in this presentation only because they are considered essential
to the objective of the presentation. They are included for informational purposes only and are
not intended to reflect a preference, approval, or endorsement of any one product or entity.

«  Except for the statutes and regulations cited, the contents of this presentation do not have the
force and effect of law and are not meant to bind the States or the public in any way. This
presentation is intended only to provide information regarding existing requirements under the
law or agency policies.

+ The approaches and methods discussed in this presentation are not Federal requirements
unless otherwise stated. States may have separate legal requirements not covered in this
presentation.

* Unless otherwise noted, FHWA s the source of all images in this presentation.

Outline

* Whatis UHPC? Where is it used?

» Basic design steps:
» Determine initial bridge layout and girder sections.
« Calculate moment and shear diagrams.
» Estimate steel reinforcement.
+ Service and fatigue limit state stress (and strain) checks.
« Strength limit state checks.
+ Check deflections.

* Summary and conclusions.

What is UHPC?

« It's concrete but...

Mass Fraction Composition
Cementitious
(16%) Cementitious
Water (7%) (38%)
Fine Aggregates Water (5%)
(31%) vs.
Fine Aggregates
(49%)
Steel Fibers (6%) Concrete UHPC

UHPC

Concrete

What is UHPC?

« It's concrete but... with very high compressive strength

UHPC
— f,=17.5 - 24ksi ‘

Stress

Concrete
4 — 10ksi

What is UHPC?

« It's concrete but... with post-cracking sustained tensile strength

-

Localization

UHPC Localization UHPC
f, =075 1.8 ksi , o= 0.75 — 2.0 ksi

Stress

=
]

™ Pre-tocalization)
Cracking

Concrete
f, o= 0.4 — 0.6ksi

UHPC
&, 1o = 0.0025 — 0.006

Strain
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What is UHPC?

» It's concrete but... higher durability.

(similar conventional
concrete samples disappear
within this timeframe)

_ UHPC Samples

&

11 years
exposure

One of the most extreme
exposure sites in the world.

US Army Corp of Engineers exposure site at Treat Island, Maine in Bay of Fundy

Source al photos: © Michael Thomas.
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Beam End Repairs

Where is it being used?

Overlays Connections

.

Connection Repairs

Source:
eFoT

Where is it being used?

Primary Structural Components

Cat Point Creek (2008, VA) - I-Girders

Buchanan County (2008, 1) - Pi-Girders

St. Clair (2023, MI) - Triple-Tee

Where is it being used?
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Where is it being used?

O UHPC Bridge Deck Overlays
B UHPC Structural Elements

O Preservation and Repair Applications

@ Connections Between Prefabricated Bridge Elements

2011 2012 2013 2014 2015 2016
Year

2017 2018 2019 2020 2021

How to Design UHPC Structural Elements?

« Same basic design approach as

Guide Specifications for \ !
Structural esign with AASHTO LRFD BDS ** Section 5.
ULTRA-HIGH PERFORMANCE . . . R
CONCRETE = Use basic engineering mechanics
and mechanics of materials
concepts.
v i « Take fundamental concepts for

concrete and apply them to UHPC.

*Useof Specifcati
**The 8ih Edition of the AASHTO L 1)) as Viamemo,
the 9th Eciton, 1t 12022 pof).
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How to Design UHPC Structural Elements? How to Design UHPC Structural Elements?

« Like concrete, but... utilize the tensile capacity in design « Like concrete, but... tensile capacity may be the controlling
failure mode.

Measured Tension Response

UHPC Tension Model

Concrete UHPC

0= 04- 06kl fo=075-2ksi
L

Cracking S

Localization

Strain

Source: © AASHTO *

How to Design UHPC Structural Elements? Specifications and References

. i i H Specifications:
Like concrete, but... new designs are possible + AASHTO LRFD Bridge Design Specifications (9" edition, 2020) *
+ AASHTO Guide Specifications for Structural Design with Ultra-High Performance
Concrete references the AASHTO LRFD Eridge Design Specifications 9”
tion.
References
AASHTO Guide Specifications for Struc[ura/ Design with Ultra-
High-Performance Concrete (2024) **
FHWA-RC-24-0006 (2024) — Structural Design with UHPC
Workshop Manual
«  FHWA-HRT-23-077 (2023) — Structural Design with Ultra-High
Performance Concrete

FHWA-RC-24-0004 (2024) — Possible Framework for Using STM

with UHPC
«  FHWA-RC-24-0009 (2024) — Section Shapes for Short-Span
UHPC Bridges
*The. Bth Edition of the AASHTO LFRD Eﬂﬂgs Design Specifications is incorporated by re'evsnce at 23 CFR 625.4(d)(1)(v) as a Federal reqmvsmenl V‘S
memo, FHIAR,  9th Edion, (see April 1, 2022 a pa).

T e oo AGHTE G

ot a Federal Requirement.

Steps for Concrete Superstructure Design Steps for UHPC Superstructure Design
1. Determine initial bridge layout and girder sections 1. Determine initial bridge layout and girder sections
2. Calculate moment and shear diagrams 2. Calculate moment and shear diagrams
3. Estimate steel reinforcement (p/s and non-p/s) 3. Estimate steel reinforcement (p/s and non-p/s)
4. Service and fatigue limit state stress checks 4. Service and fatigue limit state stress (and strain) checks
« At transfer and release « At transfer and release
« In service due to sustained and total loads « In service due to sustained and total loads
5. Strength limit state checks + Check web shear stresses
a)Nominal flexural strength and min. reinforcement 5. Strength limit state checks
b)Nominal shear strength and min. longitudinal reinforcement a)Nominal flexural strength and min. reinforcement
6. Check deflections b)Nominal shear strength and min. longitudinal reinforcement
6. Check deflections
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1a. Determine Initial Bridge Layout

« Same basic principle as conventional concrete
* Minimum of four beams or webs per span (for redundancy)

* UHPC structural elements can have higher strength:
« Fewer girder lines.

i _THTL FY

Conventional concrete UHPC

1a. Determine Initial Bridge Layout

« UHPC structural elements can have higher strength:
« Longer spans (eliminating intermediate piers).

Conventional concrete UHPC

»

Eliminating one support while maintaining same section height > may allow for more lanes underneath

»

Eliminating supports in water can help with scour issues

« Lighter superstructure (reducing demand on substructure).

1b. Girder Section Selection and Optimization

» Sections used with conventional concrete can be optimized for
UHPC:
« Thinner webs (approximate 3-inch minimum)
» Narrower top flanges (higher compression strength for UHPC in
compression block)
« Shallower section depth (L / 30 for UHPC compared to L / 25 for CC)

» Use 0.62-inch or 0.7-inch diameter strands or higher strength strands (300
ksi) with same 2-inch by 2-inch grid
« Note that the use of 300 ksi strands are not necessarily restricted, but
are not currently covered in AASHTO M203 (see AASHTO LRFD BDS*
Article 5.4.4.1).

of the AASHTO L/ 3123 CFR 625.4(d)(1)(v) as
a Via memo, FHWA the 9th Edtion, April 11,2022 at
12022.pdf).

1b. Girder Section Selection and Optimization

« There are currently no standard UHPC beam sections.

« Good initial strategy (pilot projects, small deployment)
« Start from current CC design standards.
* Modify the placement of forms or voids to take advantage of UHPC.

N UHPC Bulb-Tee
UHPC H-Pile start with standard bulb-tee
FDOT started with standard square pile forms Block outs added in
top flange to further

reduce the weight

Existing steel forms

for CC section Change position of

Block outs
existing forms

added in sides to
create H shape Soffit may need
modified

1b. Girder Section Selection and Optimization

* There are currently no standard UHPC beam sections.

* Good initial strategy (pilot projects, small deployment)
« Start from current CC design standards.
« Modify the placement of forms or voids to take advantage of UHPC.

*  Work with local precasters.

* May be value in developing standard section for designs with
possible widespread implementation.
« FDOT developing H-pile standard.
« Short-span bridge solution (e.g., UHPC box beam, voided slab)

1b. Girder Section Selection and Optimization

« Example: MN54

Original MN54 with CC Modified MN54 with UHPC

34in 21in.
Compression
block width
decreased
54in. 6.5in 3.5in.
Web width
decreased
30in. 27in.

More details in FHWA-HRT-23-077

Area Removed
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1b. Girder Section Selection and Optimization

« Example: MN54

Conventional
Concrete

Conventional
Concrete

64in. __ Conventional 64in,

Concrete

UHPC

«. (54) 0.7-inch-diameter
) strands > 160 ft span
at 9 ft beam spacing

(58) 0.6-inch-diameter
strands > 128 ft span

at 9 ft beam spacing

More details in FHWA-HRT-23-077

1b. Girder Section Selection and Optimization

« Example: Modified Box Beam Shape (e.g., BllI-48)

Original BIll-48 Area Removed Modified Blll-48
WIUHPC
48in.
e ——
55in
Decreased thickness of
v o faos Joint modified based
39in sin on FHWA-HRT-17-093
“~—_ Webwidth 3in,
5.5in decreased J4in
T Transverse PT needed f

More details in FHWA-RC-24-0006

1b. Girder Section Selection and Optimization

Modified UHPC Box Beam Shape vs. CC Box with CIP deck

BII-48 with 6-in. CIP deck (CC)
6] [ ]

Modified BII-48 (UHPC)

Equivalent
designs
Section Type h (in) Ay (in?) | I, (in%) Yo (in) | wy (k/ft) to(in) | wy + w (kift)
BII-48 (CC) 33 7525 110,499 16.33 0.784 6 1.084
Mod. BII-48 (UHPC) 33 554.1 90,567 16.45 0.616 0 0.616

UHPC box beam is 22% lighter for section only; 43% lighter if you
include CIP slab for similar span lengths

More details in FHWA-RC-24-0006

1b. Girder Section Selection and Optimization

Modified UHPC Box Beam Shape vs. CC Box with Transverse PT

BIII-48 with transverse PT (CC)

Modified BIl-48 (UHPC)
Equivalent

Section Type h (in) Ay (in?) | I, (in%) Yy (in) | w, (k/ft)
BIIl-48 (CC) 39 813 168,367 19.29 0.847
Mod. BII-48 (UHPC) 33 554.1 90,567 16.45 0.616

UHPC box beam is 27% lighter than CC box with transverse PT and no
CIP deck for similar span lengths

More details in FHWA-RC-24-0006

1b. Girder Section Selection and Optimization

Section Shapes for Short-Span UHPC Bridges
(FHWA-RC-24-0009)
« Section development and design considerations
for short spans

» Possible section shapes for adjacent span
configurations up to about 140 ft

« Case studies highlighting possible situations
where advantageous to use

1b. Girder Section Selection and Optimization
Possible Section Shapes (20 ft to 140 ft)

Multi-Stem T-Beam Mod. Box Beam

_ ﬁ
10 to m 18" to
18" L 42"

Modified NEXT D Beam

Mod. Voided Slab
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1b. Girder Section Selection and Optimization 1b. Girder Section Selection and Optimization
Possible Section Shapes (20 ft to 140 ft)

mw/defl. limits  E3w/o defl. limits Case Study #1: Reduce Superstructure Weight and Increase Overhead Clearance

Mod. NEXT D Beam Zhnenel ‘ 120°0" *;::j:'ﬂg,g‘,:.d e

Mod. Voided Slab o
Mod. Box Beam [
Multi-Stem T-Beam Tvv . o . " .
0 20 40 60 80 100 120 140 160 m 6" CIP concrete deck —, - i
Span Length (ft.) ) ) O O (O O O
Conventional Concrete UHPC

“wio defl. limits” refers to designs where the deflections from live loads exceed the L/800 deflection limit in AASHTO
LRFD BDS* Article 2.5.2.6. Live load deflections here were calculated using gross section properties.

. the AASHTO L 1)v)asa Via
memo, the 8th Edition April 11, 12022.00),

1b. Girder Section Selection and Optimization 1b. Girder Section Selection and Optimization
Case Study #1: Reduce Superstructure Weight and Increase Overhead Clearance Other case studies in FHWA-RC-24-OOOQ' - -
FE— « Case Study #2: Increasing Span Length to Eliminate Pier in Water
; 120-0' —_helght = 56" 6" shallower 41% lighter « Case Study #3: Eliminating Shoulder Piers and Adding Lanes
o 5 < « Case Study #4: Short-Span Slab Beam Alternative
Material ]| P Wy Wooam Woriage ! N
(inch) | (kift) (kips) (kips) « Case Study #5: Increasing Hydraulic Clearance

cc 48 1178 | 1425 1,925
uHPC 42 0676 81.8 1,136 Case Study #2 Exising beam and Case Study #3
2Weight includes the cast-in-place deck for the conventional . gy0r / deckneight=4z" LT, SO 880 . ST,

concrete design.

bWeight of a single beam including the cast-in-place deck
for the conventional concrete design

< Total weight of superstructure including the barrier weight.

42"

Corrosion damage
from spray

(31) 0.6"-dia.
strands

(22) 0.6"-dia.
strands

= Scour concers at center pier

1c. Select Initial UHPC Material Properties Material Conformance

« AASHTO recommendations forthcoming.

Min. Value * or Value if ~ Typical Range of Available . .
Not Measured UHPC (2% fibers) + See Section 2 of FHWA-HRT-23-077 for preliminary
recommendations.

Compressive Strength, 217.5 ksi 20 ksi — 36 ksi
) ) ) Material Qualification * ‘ Material Acceptance *
Strain at Maximum Compressive Stress, €, 0.0035 0.0030 — 0.0050 3
Modulus of Elasticity, £, 2,500K; f033 6,500 ksi — 9,400 ksi Design i
Strength
Effective Cracking Stress, f;, = 0.75 ksi 0.90 ksi — 1.80 ksi §
g
Crack Localization Stress, f, 5. =1 0.90 ksi — 1.80 ksi %
8
O]
Crack Localization Strain, €. =0.0025 0.0030 to 0.0080 5|
*

Measured Strength

* Min. values from AASHTO Guide Specifications for Structural Design with Ultra-High
Performance Concrete. The use of these min. values is not a Federal Requirement.

* Use of this proposed material qualification and acceptance
framework is not a Federal Requirement.
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2. Calculate Demand

AASHTO
LRFD BDS UHPC Guide
D c ional Concrete . UHPC -
Loadsand Load | Load factors providedin | 1 . .~ | Same as for conventional |, . -
Combinations table. concrete.
Material Density | p, = 0.145 kef Article 5.42.4 | p, = 0.155 kof Article 4.2.2
V.. varies based on
Service lll Live prestress loss method _
Load Factor and inclusion of elastic | 120¢ 3414 | i =10 Atticle 9.1.1
gains
Distribution Factors -
(Methods of Method explained in Aricle 4622 | Same as for conventional |
: referenced article concrete.
Analysis)

** Use of the AASHTO Guide Specificalions for Structural Design with Ultra-High Performance Concrete is not a Federal Requirement.

* The 8th Edition of the AASHTO LFRD Bridge Design Specifications is incorporated by reference at 23 CFR 625.4(d)(1)(v) as a Federal
requirement. Viia memo, FHWA has approved the use of the 9th Edition, (see Memorandum dated April 11, 2022 at

AASHTO
LRFD BDS UHPC Guide
D ipti C Concrete > UHPC -
Loads and Load Load factors provided in Table 3.5.1-1 Same as for conventional Article 1.3
Combinations table. concrete.
Same as conventional concrete
Distribution Factors . . .
(Methods of Method explained in Article 4.6.2.2 Same as for conventional na
N referenced article concrete.
Analysis)
 The 8ih Edion of the AASHTO LFRD Bridge Design Specificatins is incorporated by reference at 23 GFR 625.4(d)1)v) as a Federal
requirement. Via memo, FHWA has approved the use of the 9th Edition, (see Memorandum dated April 11, 2022 at

hitps:/Awww fhwa. dot.gov/bridge/structures/04112022 pd).

** Use of the AASHTO Guide Specifications for Structural Design with Ultra-High Performance Concree is not a Federal Requirement.

2. Calculate Demand

More comparison tables like this are included in Structural
Design with UHPC Workshop Manual (FHWA-RC-24-0006).

Load Factor

and inclusion of elastic
gains.

AASHTO
LRFD BDS UHPC Guide
Description Conventional Concrete Reference * UHPC Reference **
Differences
Material Density P = 0.145 kef Article 5.4.2.4 | p, = 0.155 kcf Article 4.2.2
Yy, varies based on
Service Il Live prestress loss method Table 3.4.1-4 V=10 Article 9.1.1

po
e o s ARGHTS Guce Speciications for Sruciural Dosign with Ulia-High Perfornance Goncreo s not a Fedoral Requirement

* The & Edilon of the AASHTO LFRD Bridge Design Specicalons is ncorporated by rference o 23 CFR 625.()(1)v)as  Federal
requirement. Via memo, FHWA has approved the use ofthe 8ih Edilon, (see Memorandu dated Apr 11, 2022 a

3. Estimate Reinforcement

« Assume a certain number of strands and modify as needed
« Develop and use design aids for standardized shapes

Complete design
table and data
provided in FHWA-
RC-24-0006 for

Conventional Concrete UHPC Modified BII-48
800 8.00
Modified BII-48
700 | 148 7.00
6.00 6.00 33"
£500 £500 Meets optional o
=400 =4.00 defl. chacks, Does not meet
<300 <3.00 — ummna\ defl,
200 o 2.00
0o with 6-inch CIP composite deck 100
(from PCI BDM) no CIP deck needed
0.00 0.00
40 60 80 100 120 40 60 80 100 120
Span Length (ft) Span Length (ft)

Reme

in.

mber, Mod. BlI-48 (UHPC) is 43% lighter and 6-
shallower than BII-48 (CC) with 6-in. deck

See additional design tables for short-span
bridges in Section Shapes for Short-Span
UHPC Bridges (FHWA-RC-24-0009)

3. Estimate Reinforcement

» Assume a certain number of strands and modify as needed
» Develop and use design aids for standardized shapes

UHPC

Modified BII-48
33"

Does not meet

= Meets optional
defl. checks,
* optional defi,

checks

no CIP deck needed

40 60 80

100 120

Span Length (ft)

4a. Service Limit State Stress Checks

Longitudinal stresses

calculated same for UHPC

members as conventiona
concrete sections:

_ Compressive stress limits same
as CC.

Tensile stress limits are
based on measured tensile
strength (y,f,,) instead of
square root of .

o] ° ,

~

f,

Fax
O‘( Need to check principal stresses in webs.

»

(]
<
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4a. Service Limit State Stress Checks 4b. Fatigue Limit State Stress Checks

* AASHTO LRFD BDS* Article 5.9.2.3.3 apply for UHPC members - principal « Check Fatigue | stresses for UHPC in compression and embedded
tensile stresses in web reinforcement in tension
* Only needed for all types of post-tensioned superstructures for CC - Check additional Service | stresses for UHPC in tension (for
* Check will ensure that web cracking does not occur at service limit components subjected to cyclic stresses)
3 Why is this check needed for UHPC AASHTO
! LRFD BDS UHPC Guide
s?
* UHPC members will likely have Description Conventional Concrete | Reference* UHPC Reference**
little or no shear reinforcement. Tensile stress limit for
* UHPC elements will also likely components subjected to | n/a n/a 0.95y,f, ., Article 5.2.3
have thin webs. cyclic stresses (Service 1)
« Do not want service level cracking
reduce or eliminate in the UHPC.

* The 8th Edition of the AASHTO LFRD Bridge Design Specifications is incorporated by reference at 23 CFR 625.4(d)(1)(v) as a Federal
requirement. Via memo, FHWA has approved the use of the Sth Edition, (see Memorandum dated April 11, 2022 at

dot 112022.pdl).

e of the AASHTO Guide Specifications for Structural Design with Ulra-High Performance Concrefe is not a Federal Requirement.

* The 8th Edtion of the AASHTO LFRD Bridge Design Specifications s incorporated by reference at 23 CFR
625.4(d)(1)(v) as a Federal requirement. Via memo, FHWA has approved the use of the 9th Edition, (see
Memorandum dated April 11, 2022 at hitps:/iwww. fhwa dot.gov/bridgestructures/04112022 pdf)

5. Strength Limit State Checks 5. Strength Limit State Checks — Flexure

» Flexural strength « Strain-based design approaches used for calculating flexural
« Calculate nominal flexural strength and check versus demand. strength and shear strength.
» Check minimum reinforcement criteria. + For flexure - use Strain-Compatibility Approach with specific stress-strain
+ Shear (and torsional) strength material responses.
« Specify transverse reinforcement amount and spacing. €op foop
« Calculate shear strength and check versus demand. R c.
. ini itudi i iteri f/. Neutral axis___
Check minimum longitudinal reinforcement criteria. Centroidal E A IZ‘
axis A, N o T, X,
Ay. oe) / ‘_: f, - ::i_ﬁ_, .
ot £ fooor f. fs f, Internal Forces

5. Strength Limit State Checks — Flexure 5. Strength Limit State Checks — Shear

Stres:

» Strain-based design approaches used for calculating flexural « Strain-based design approaches used for
strength and shear strength. calculating flexural strength and shear strength. |
« For flexure - use Strain-Compatibility Approach with specific stress-strain « For shear - use MCFT-based approach. )
material responses. - Conventional Concrete UHPC G Yy Eoe "

Etop

-- Neutral axis

T i T Cetioe
0.5d,cot 8 0.5d,cot 8 ‘
1. Crack opening results in sliding along shear cracks resisted by 1. Fibers in UHPC maintain tight cracks before localization; no
aggregate interlock coarse aggregate in UHPC - assumed no aggregate interlock or
2. Concrete shear resistance is related to the shearing along sliding along interface
Post shear crack. 2. UHPC shear resistance is related 10 .0 and Yyf;c.

See more details in El-Helou and Graybeal (2022).
Flexural Behavior and Design of Ultrahigh-Performance
Concrete Beams.” Journal of Structural Enginering.

Localization

ErHelou Shear Design of Strain-
Joumal
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« Nominal shear resistance:

V,=Af,

viva

d,cot8/s

5. Strength Limit State Checks — Shear

UHPC Shear Resistance: V, = Vyypc + Vs + V,
Upper limit for shear resistance: V, <0.25f;b,d, + V,

UHPC and transverse reinforcement components depend on 6 and f, ,
UHPC contribution to shear resistance: Vi pc = Y, f; 10 b, d, cOt ©
Transverse reinforcement contribution to shear resistance (for a = 90°):

6. Deflection Checks

« Calculate camber and long-term deflection estimates

« Calculate deflections from lane live load and truck load (with
impact) and compare with deflection limits

6. Deflection Checks

* UHPC members can have
shallower profile than CC
members.

« Shallower depths > larger
deflections

» Optional live load criteria
(AASHTO LRFD BDS* Article
2.5.2.6.2) is still up to owner’s
discretion but can control if
invoked.

* The ih Editon of

Via memo. (se0
. 2104112022 0ot

Remember the design aid presented in
Module 4 for the UHPC box beam section

Modified BI48
33" Vs
»
o

-

defl. checks, Does not meet
optional defl.
checks

- Meats optional« 1’,-

no CIP deck needed

40 60 80 100 120
Span Length (ft)

6. Deflection Checks

« Deflections control possible span lengths for section depth.
« Deflections are inversely proportional to E,.

Deflection due to lane live load:

Dy, = DFD % (5W,,0, L%) | (384E,),)

Deflection due to point load (like one axle of truck):
A=PL3 [ (44E),)

e.g., a 10% increase in E, will result in 9% decrease in deflection.

6. Deflection Checks

Graph from earlier in presentation.

0
Modified BIl-48
7.00 +
6.00 33
£5.00 - Meets optional

Does ot meet
optional defl.
checks

=4.00 defl. checks _#1~
<3.00

2.00

1.00

no CIP deck needed

40 60 80 100 120
Span Length (ft)

» Larger E, could allow for longer possible span lengths.

-

For f',=17.5 ksi and K; = 1.0:
Loy = 95 feet

For f'.=17.5 ksi and K; = 1.1:
L ax = 100 feet

For f';=17.5ksi and K, = 1.2
L ax = 105 feet

Summary and Conclusions

« Analysis and design of UHPC structural elements has many
similarities to CC.

LRED BRIDGE
DESIGN

SPECIFICATIONS.

Source: © AASHTO ™

. Guide
T 6 Eciton ot AASHTO LRI Eridge Design Specifctions s ncorporated by efarence at 23 CFR 625.4() 1) as & Federal aguirament Via memo,




Summary and Conclusions

» Analysis and design of UHPC structural elements has many
similarities to CC.

* UHPC structural components can have many advantages.

Higher strength (compression and tension) Improved durability

« Larger girder spacings and overhangs > less UHPC « Piles and other elements
girders needed. susceptible to corrosion.

« Longer spans -> eliminate supports and supports in « Structures with high importance or
water. those desired to have longer

« Lighter sections and less girders - less demand on service life.

substructure (possibly allow for reuse when may not
be possible with CC).

C ncrete UHPC
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