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UHPFRC: Ultra High Performance Fiber Reinforced cement-based Composites

1) Benjamin A. Graybeal, Eugen Briihwiler, Byung-Suk Kim, Frangois Toutlemonde, Yen Lei Voo, Arash Zaghi,
International Perspective on UHPC in Bridge Engineering, ASCE Journal of Bridge Engineering, 25 (11) (2020).
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Fig. 1. Uniaxial tensile response of a variety of UHPC formulations
with different fiber reinforcements?

1) Benjamin A. Graybeal, Eugen Brihwiler, Byung-Suk Kim, Francois Toutlemonde, Yen Lei Voo, Arash Zaghi,
International Perspective on UHPC in Bridge Engineering, ASCE Journal of Bridge Engineering, 25 (11) (2020).
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Fig. 8. La République Bridge in Montpellier, France, with (a) overall
structure (Image courtesy of Agence Rudy Ricciotti); and (b) slant col-
umns and ITE® beams from below. (Image courtesy of Frangois
Toutlemonde.)

Source: FHWA

Fig. 16. Use of UHPC for the repair of deteriorated bridge girder ends in Connecticut in 2019: (a) girder end preparation; (b) formwork: and (c)
completed repair. (Images by Arash Zaghi.)

Figure 1. UHPC overlay construction in
Buchanan Courtty, lowa.
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Post-tensioned UHPC channel girder in the MuCEM pedestrian
bridge, Marseille, France (photo courtesy of Ben Graybeal)

Fig. 2. Basic configurations of enhancement of RC bridge decks: (a) UHPFRC layer with protective function only; (b) R-UHPFRC layer with struc-
tural and protective functions; and (¢) R-UHPFRC layer is also used to rehabilitate corrosion-damaged existing rebars.

Precast deck panel placement prior to UHPC connection casting,
Franklin Avenue Bridae, MN (photo courtesy of Ben Gravbeal)




UFC/UHPCOSEREo 15 6

KE(CH(FBSUHPCORFE - BRADEE

® 2000 FEXEEMNLIATE, FFICEF. KI1TTARINTOEHNZSEIZLT:

® {th[E THRESNI-=UHPCOSADMMEMATH_LT, KREIZHITHEAICEITT,
ERMZIEEEROFEE, EEEDRHAIZKDUHPCHAE D LIICLT=—XIx
S TEAMDBREICERNEINT-.

® 2008FETIZ, B2 HEFIZHE N TUHPCIZ KELZAIEEMEMNH A LIS
M, FORREMZEEIRT B2, IBIGVLEA, UHPCO#M$}, #E:E3%ET, BT, MaesT
MICEET AR MEBFLETNIXESLENEEZ TULNTULV-.

® =1L, ZLDEEHE (L, EEEKE(Primary road)[CUHPCZE T AZEIZ R OERK
CTL=. ERDERITIL, 2EK (Secondary road) Tt T =},



UFC/UHPCOE B B15 7/

KEICHFDUHPCOBIFE - ERADRER (DDF)

o “NIZxL, KELEFERRE (FHWA) X, IEIZE DY) a—a3 %@L, T3
A EI LT DEEEDIEFITEFIEMELT, UHPCOFEREEEZT THTET-.

® AL BEHESNAI M IVEIEIAH#LITBAICELZYAT ULV =, UHPCIEEE
NRIAMGHERITELEWNED, DUTIVGEEEET HIEELT-.

® FHWAIX, —=2—3— 7'J‘|‘|BCJ_)EJ%(Z)ZL&')&T%&‘EE%&E?EL FoR)AMIZEEE
DHAZEEFT, 2014F (2T BEEEBDEET-TELTIEEHZRTE. 2019F(ZF5EtZ FEHT.

o CDIOEMYKMADIER, KENOMEDEMR, RHE, avHILAUL, BER
EH, EEELENUHPCEELNILT LIITHoT=. I, KYEELZRAERTOUHPC
DERIZEITTRHEL—SEEoT-.



UFC/UHPCOERIBILEIE

EKRDIERICHITBUHPCEZER U ERT —INR—X
I

2]

=]

Bridges Employing UHPC by Year
2020
2019
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Deployments of UHPC in Highway Bridge Construction
https://highways.dot.gov/research/structures/ultra-high-performance-concrete/deployments
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Fig. 14. One of the early implementations of UHPC overlay repair in
2016 in Iowa. (Image by Benjamin Graybeal.)
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Fig. 15. Detail of UHPC link-slab developed by the New York Depart-
ment of Transportation.
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Fig. 16. Use of UHPC for the repair of deteriorated bridge girder ends in Connecticut in 2019: (a) girder end preparation; (b) formwork; and (c)
completed repair. (Images by Arash Zaghi.)



UFC/UHPCOSEFE41 BI5 13

*Iil (C BﬁéiﬁLnxnﬂaﬂ'@Eﬂ%

® B EM~NDUHPCOERIZDWT, RVLEEZELG/N\—FILIE, COIVTZADMED=HD
BERETHAF o RAD RN

— BWAZUY)LaARNERRT S, EEARELR AL LZITNIEESA
— UHPCODCF#&JI'C%%)%IEEE@F [EHEREETATEICERES 2 AYDIERLZE, &R

3K |
— RIGADERNBEZIZGY, BIABBITHEDLGEDA)IMIKY, EMALGHIZEE

RTEhxBKRET

Source: FHWA

Preservation and Repair

Source: FHWA — = . -
New Construction



UFC/UHPCOE B B1% 14
KECH T EESHEHOEFE (DDE)

® FHWATIXUHPCHE &+ ICBE 9 B 1THRZE
FRIZ, BESRTEHZHRFETLHSLEEZEH
ELI-TARZEERmL TET-.

® AASHTODIER - 12 EE S LERITEIE,
HiEZIBZ DM ICUHPCEEHT AT LA
AIREICT DB D EEFERTHE

® FHWA& )] % D 1‘”_7, )] *% F';E] ‘j: , T: *)J% , 'u' A/ H"ﬁ , Fig. 17. Shear testing of a pretensionc;d UHPC bridge girder at the U.S.
s Federal Highway Administration. (Image by Benjamin Graybeal.)
SEEAM, HIRDOIGHE, HIELDERE
FEGEICRHELE:, Bz TMmI 57
HDITIVAT—ILDFEERELTLS.




UFC/UHPCOERIBILEIE

UHPCOIiA 1% 5 i

£+HUE £=5 BH3FE6ART (1927%F)
UL\#z  An Electrical Method for Measuring the Setting
Time of Portland Cement, Y. Shimizu, 423-429

(#&%ix The Science Reports of the T6hoku Imperial University,
Series I, Vol. XVII, No. 1. kit biuT: 3 EpkM=RMROBHLI LT
ARSI TEER MR T 5 VEIRE LBD b 5 L&Y, BE
HOWMFERLG Tt s Loy )

- iz
2ABTE MRS ER GwA=SFEXR)

AN ELECTRICAL METHOD FOR MEASURING THE
SETTING TIME OF PORTLAND CEMENT"

By Yosomatsu Shimiza, B. Se.

Synopsis
The change in electrical resistance which ocours durkug the sstting md

bardening of Poctland cement, hias been measured for the purposs of determining

the metting time, The effect of temperature on the rate of setting of Portland
coment bas also heen stodied; this method being more ascurate thau ihe me-
chanical and thermal methods commonly used, and more adapied for the purpose.

(1) Introdnetion
When the setting time of Portland cement is measured by a mechanical
method, Vieat's needle is commonly used, but there are some disadvantages
owing to the fact that seiting and hardening of the coment are chemical
processes, Gary, however, observed that at ihe moment when the final set
ocours the temperature reaches a maximum™, and defining this moment as
the final set, he tried to measure the setting time thermally™. FProfessor S.
Uchida also d ined the moment to the maximui
with a thermo-couple, by the differential method, and measured the setting
time'”; but this thermal method is not regular, that is, the time of setting is
greatly affected by tho quantity of the material used for the specimen. In an
experiment dealing with Portland cement, the writer hit wpon the following
method to determine the setting time by the change in electrical resistance.
It was observed by the writer that when the electrical conduc!

(1) The 180th report. from the Rescarch Tnstituts for Tron, Steel and Other Metals.

(2) W. aud D. Asch consider that i is due to the separation and hydration of calcium
oxide from the aluminosilicate molecule, W. Asch aad D, Asch, The Silientes in Chemistey
snd Commerce, (1913), 189.

(3) Gary and Stradling, Cone. and Const. Eng., 3, (1901-1907), $56, 432

(4) 8. Uchida, Sei. Rep, of the Sendai Higher Technical Scbool, 1. (1023), 17.
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Fig. 3. Enhancement of the 330-m-long post-tensioned concrete
road bridge over the Rhine river at Kriessern between Switzerland
and Austria. UHPFRC casting using a finisher. (Image by Eugen
Briithwiler.)
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Hyun-0 Janga, Han-Seung Leea, Keunhee Chob, Jinkyu Kim, Experimental study on shear performance of
plain construction joints integrated with ultra-high performance concrete, Construction and Building
Materials 152 (2017) 16-23. 200

175 4o

o4

—_
N
Py

waezgy

20mm  200mm

=)
S

Load (kN)

~
wm
Z
<
P
a

73
S

420mm

rrrrrrrrrrrrrrrrrrrrrr .| —%— NU-GR-20

gz wurpg

25 |
—6— NU-GR-30
1 3 0 . . . :
s 8 0.0 0.2 0.4 0.6 0.8 10
(a) MN (b) VC (c) WI (d) GR-10 (e) GR-20 (f) GR-30 Vertical displacement (mm)

(a) Vertical load-displacement relation

Fig. 1. Configuration of specimens.

Zachary B. Haber, Benjamin A. Graybeal, Interface Shear Behavior of UHPC with and without
Supplemental Reinforcement, International Accelerated Bridge Construction Conference (2019).
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