Y EEEEINEYE

NS 232 EQ Y

I o@E""

1.ME

8% FAHE(High Performance
Concrete, HPC)gh= wolrzt AfE olef 1 3
oo vt FE2 AlErt ol FolA gttt &, ¢
T A ZABEV FodAE AT vy
2 Ao sl 71 e s B
At} wiebd o $ke) nds FARE Fo @
33 "ACI Defines High-Performance Concrete”
by Technical Activities Committee, 19994 29
%, Concrete International 71ARN&-& Zvf&t
v ol g gao uldgdl ge 4% #Fae
o) Hojx e A7rE V13E by Bew
=

A v= AN F EEFdis 2ds a3
EE o] &3 ke A, HA R AES F

© A, Fopd A (F) e 1
R AFRRFA mrdFr AT

sto] A gstol uratE sbstn ok olo] thEk U

€5 ACIOAM wUH8lE Concrete International
4= "High-Performance Concrete for Bridge
Decks” Ao Exlor cifglon E mofxs
ol& gofste] Alstaxt gt

2. M5 B3g|EQ M9
2.1 7122 nds 232E e

n|=t Strategic Highway Research Program
(SHRP)elM = X%y EAYEE t}g 372
o) st k.
7b. AUl E-AEA) 0.35 olojof shA,
t}. ASTM C 666 Method A Z3
23 A4 WFAFE 80%°ln

S| ESIE[A 1135 1999.7



o #HA& gEAEE Bb & 4412 oY
21 MPa, 24A1%F oltl 34 MPa, A%

289 oWl 69 MPaclejok gt}

19919 ACI®]  Technical Activities
Committee(TAC) = 1AS Z3E #dd

FAN8(THPC)E #A3ith o] sidislel A

3 SHRPE thesh ol agdel nds  ARle BAA9 adF mads o8 Rad
A EE NEg v vt B Aoy, i °l Hole MASHAx
1’% E"ﬂ Zb=re] uAdw 2AYES HelE 1998l AZ&wo] TACE HE 224 ACI H2

AN elEel A & = AFol ZAFohek u & YEIL

Ay 2AYEE o thzA Fostu v o] AolZ Mksl=d oA Y3 = A=

Ars YA @gtem ofRe rE FAMES

2.2 ACI9 X2 1T 2AAEHE gHes s @F 71g3
ek, o) HelE guAon wAs BHe A

S F &gttt B uE gl o] Fest o

High-performance concrete as developed by SHRP

HPC type Minimum strength criteria w/(c+m) Min. durability factor

Very Early Strength(VES) 2000 psi{14 MPa) in 6 hrs <0.4 80 percent

High Early Strength(HES) 5000 psi(34 MPa) in 24 hrs <0.35 80 percent

Very High Strength(VHS) 10,000 psi(69 MPa) in 28 days <(.35 80 percent

Fiber Reinforced HES + (Steel or Poly) <0.35 80 percent
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Tabie 1 High-performance concrete bridges in Virginia

Rte. 40 97.5 24.4 55 28 Yes
Rte. 629 365.8 30.5 55 28 No
Telegraph Rd. 555 277 Steel 28 Yes
Rte. 10 654.4 29.6 55 28 No
Rte. 250 16.2 16.2 48 28 Yes
Second St. 27.1 27.1 48 28 Yes
Virginia Ave. 44 .5 22.3 69 41 Yes

*Maximum of 2500 coulombs for bridge deck
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Table 2 Mix proportions

Rte. 40 Bridge Telegraph Road Bridge

Material Substructure (kg/m3) Deck (kg/m3) Substructure (kg/m3) Deck (kg/m3)
Portland cement 209 195 174 195

Slag 139 195 174 195

Coarse aggregate 1052 1052 1060 1060

Finc aggregate 747 696 716 687

w/cm 0.44 0.40 0.45 0.38
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Table 3 Concrete specifications

HPC mix
Cement Type 1L

Standard mix
Type II or IP

Silica fume 7.5 percent

0.38 (max)

6 to 9 percent 1H to 8 percent

w/c 0.38 (max)

Alr content

28-day cylinder

strength. for 50 MPa 30 MPa
Chloride ion 1.000 coulombs

permeability (max) )

Corrosion . 5

inhibitor 20 L./m

Curing 4 day wet cure |3 day wet
procedure 2/cotton mats burlap cure
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Table 4 Deck mix proportions

Ciment Quebec-SF
(approx. 8 percent|300 kg
silica fume)

Cement

Fine aggregate |Sand 540 kg
Coarse aggregate [No. 67 Stone (19mm) |823 kg

water 114 L. 115 kg
Air entrainment |Daravair-1000 150 mL
Water reducer WRDA w/hycol 600 mL
*Superplasticizer |Daracem-100 -

w/c 0.384

* added at the site

BALE B A £ SUE) AT FEE o
Hhgo] 0.5 kg/m*/hrol At
ol B 4 gic.

mm %, 6 mm Zeoje F& .’\ o] 4

tm o2l go] stk
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Tabel 5 Deck concrete test results

Test Target

Results

Test Method

Slump 125 to 180 mm

75 to 125 mm

AASHTO T119

Unit weight -

65.3 to 66.7 kg

AASHTO T121

Air content 6 to 9 percent

4.0 to 5.8 percent

AASHTO T152

w/c 0.38

0.39

¥

28-day cylinder

50 N
strength. fler 50 MPa

56.3 to 66.3 MPa

AASHTO T22

*Modulus of

elasticity. B 30.6 GPa

29.0 to 30.0 GPa

AASHTO C 469

Chloride ion

permeability 1,000 coulombs

609 to 896
coulombs

AASHTO T277

Freeze-thaw

durability 80 percent

96 to 99 percent

AASHTO T161

*Scaling -

0to 1l

ASTM C 672

*Results determined by UNH graduate student Cheryl Wilson
T Results determined by NHDQT microwave oven drying test
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Table 6 Dimensions and design compressive strengths
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Louetta Bridge San Angelo Bridge
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g (289) 55.2 55.2 41.4 34.51)
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Table 7 Mix proportions for cast-in-place decks

Louetta San Angelo
I
Component Northbound Southbound Eastbound zA;(}egg;Eiqund ?Aie}z:t%o)und e
RER) (aheg ) () St Spans| (shH) - Spans
1-5 6-91)
Coarse agg.:Type |Crushed Crushed Crushed river|Crushed river|{Crushed river
limestone limestone gravel gravel gravel
38mm max 25mm max 32mm max 32mm max 32mm max
Quantity 1102 kg/m3 1074 keg/m3 1127 kg/m3 1101 kg/m3 1101 kg/m3
Fine agg. : Type natural sand natural sand natural sand natural sand natural sand
FM=2 .54 FM=2.54 FM=2.70 FM=2.70 FM=2.70
Quantity 737 kg/m3 773 ke/m3 721 kg/m3 735 kg/m3 737 kg/m3
Water 136 kg/m3 145 kg/m3 128 kg/m3 153 kg/m3 153 kg/m3
Cement @ Type Type 1 Type 1 Type 1 Type O Type O
Quantity 227 kg/m3 281 kg/m3 292 ke/m3 253 ke/m3 362kg/m3
o ]AShf”' L by|88 ke/m3 131 ke/m3 125ke/m3 109kg/m3 None
W‘:p' ob cement bYloges 32% 30% 30% 0
Retarder, = /
ASTM Type D3) 1744 mL/m3 853 mL/m3 1085 mL/m3 1008 mL/m3 1008 mL/m3
HRWRA., . ; . N
ASTM Type P4) None 4729 mL/m3 6047 ml/m3 None None
Air Entr .
. . 1 . 5 .
ASTM (260 78 mL/m3 None 116 mL/m3 116 mL/m3 116 mL/m3

F 1) Non-HPC

2) ASTM C 55 2 TxDOT2 Material Spec. D-9-8900%% vtEaly= Zd}o)of4]

5) AQle) A EFe A el tet e

Poe N AN g Hoh AeE 9,

oro
e

<A (High Range Water Reducer)
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Table 8 Fresh concrete properties of cast-in—place decks

Louetta San Angelo
Component Northbound Southbound Eastbound \()\g:;zo)undq ?/‘é(}%:gt%o)undq )
() (st 4) (a0 cLews mpans o) pans
1-5 6-91)
w/cm. bt wt 0.43 0.35 0.31 0.42 0.42
Total Air 5.0% 1.4%2) 6% 6% 6%
Slump 75~100mm 200~240mm 190~230mm 75~100mm 75~100mm
Unit weight 2294kg/m’ 2406kg/m’ 2395kg/m” 2327kg/m’ 2332kg/m”

—,’>: ‘?’_% £A2 = (Non-HPC)

7 A AT AMESEA] 25 (No air entrainment)

AEHE g8, 1% arAlzt Eastct
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Table 9 Field permeability test results @ 56 days, coulombs passed

Louctta San Angelo

Member Northbound Southbound Eastbound \)\ie:t)kz‘ound V\iegt/l\){ound
(el (BFaH) (g A) (st&41) Spans| (1) Spans

1-5 6-91)
g getd nidg . .
( %‘fz) ’ 1730 900 690 13802 24902)
s (ah ) 1430 980 32301

2.

1) BEFAYE(Non-HPC)
2) @3 AE g

THP|EEBIA] H11H3E 1999.7
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