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The information contained in this report was compiled for the use of
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recommendations contained herein are based upon the research data
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EXECUTIVE SUMMARY

As the use of silica fume in concrete and related products grows, the
need to gain more knowledge concerning use of this complex material has
increased dramatically. Optimum addition rates, densgified/compacted versus.
slurry silica fume products, blended silica fume cements, other admixtures,
and batching, mixing and curing practices must all be understood, and proper
procedures followed, if this relatlvely new and.lmportant ‘construction tool is
to perform as desired.

This evaluation was initiated to gain a better understanding of material
performance for wvarious silica fume addition rates and blended silica fume
cement, Mixing and testing followed usual laboratory procedures, with less
than desired results.

Informatlon obtained subsequent to the mixing and testing portion of
this program indicates the reduced performance of some concrete batches
_containing silica fume may have resulted from failure to use extended mixing
periods when a densified/compacted silica fume product was introduced into the
mixture. V

 Subsequently, few of the initial questions have been answered. Instead,
new and more comprehensive questions have been raised. = More study and
research will be needed before procedures can be established to achieve the
maximum benefits using silica fume concrete. '




INTRODUCTION

The introduction of silica fume(microsilica), as an additive to portland
cement concrete, has presented specifiers and users with many new challenges.
Enhanced strength and durability, combined with reduced permeability, have
prompted the use of silica fume concrete under the most severe environments.

The Vermont Agency of Transportation (AOT) currently specifies silica
fume concrete for bridge curbing and some other structural components exposed
to severe weather conditions and repeated applications of deicing chemicals.
Silica fume, in dry densified form, or as a slurry, is added to the concrete
mixture at the rate of 7.5% by weight of portland cement. One field test also
specified silica fume be added to the concrete mixture at a 4% addition rate.

, Shotcrete, incorporating silica fume as an admixture, was used in the
rehabilitation of piers and pier caps on two recently completed AOT projects.

Test specimens yielded excellent results and repairs were generally completed
without difficulty. Silica fume quantities of 4% and 5% by weight of cement
were used initially in shotcrete applications, w1th the majority of work
- performed using the 4% addition rate. V

When all the positive aspects of gilica fume concrete are examined,
there are still many unanswered questions. Some of these guestions focus on
optimum addition rates that can be reasonably employed under field conditions,
and minimum addition rates that will continue to provide improved performance.

 Laboratory studies using silica fume quantities of 25% to 40% by weight
of cement produced outstanding results. In actual field practice, the higher
addition rates may produce concrete with reduced workability and increased
shrinkage cracking, causing many concerns among specifiers and users. While
gsome of these disadvantages are overcome with high range water reducing
admixtures (HRWR), finishing aids and early application of moist curing, most
users specify addition rates well below those examined in laboratory
experiments.

J : %

To answer some of the questions regarding silica fume addition rates,
a program was organized to study reduced quantities and their effect on
various concrete properties. Addition rates of 2.5%, 5% and 7.5% were
included in the study. This program also examined a blended cement containing.
7.5% silica fume. Concrete containing silica fume was compared with an air-
entrained reference concrete and Wlth conorete contalnlng a high range water
reducing admixture.

Further questions regarding use of silica fume in concrete deal with
slurry versus densified (compacted) products, and more recently with blended.
silica fume cements. Silica fume particles are generally about 0.13 - 0.16
microns in size. Because of the extremely small particle size, silica fume is
frequently dispensed as a slurry to reduce dust and facilitate handling.
Slurries may be formulated to contain HRWR or other admixtures to enhance
placing and finishing characteristics. :

Densified (compacted) silica fume particles are agglomerations of
individual particles wvarying in size from 10 microns to 0.1 mm or more.
Densifying the particles helps reduce dust and facilitates handling of the

- material in bags and bulk shipping containers.
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More recently, area cement producers are marketing a blended silica fume
cement which is manufactured by grinding cement clinker with silica fume
pellets. The pellets are formed by introducing humidified air into a
revolving chamber of silica fume particles. Silica fume collects on the
moisture droplets forming soft pellets with a maximum size of about 12,7 mm
(1/2 inch). Silica fume, in this form, can be easily transported and stored,
and later blended with cement clinker as it enters the grinding mill. Heat
generated in the grinding mill drives the moisture out of the pellets,
allowing the silica fume particles to return to their natural size. One area
producer is supplying cement containing approximately 7.56% silica fume.
Another producer supplies a blended cement with about 8% silica fume.

Data obtained subsequent to this investigation suggests normal concrete
mixing practices may not be adequate to achieve total dispersion of densified
(compacted) silica fume and pelletized silica fume (silica fume cement)
throughout concrete mixtures. Without complete dispersion, many desired
benefits of silica fume concrete mav‘not be realized.

To insure total dispersion one suppller recommends extended mixing
periods, with a minimum of 120 mixing revolutions, and reduced load size when
their densified/compacted product is used in ready mixed concrete operations.
For laboratory mixers, blending of the densified.produot with coarse aggregate
and water, and mixing for five minutes prior to addition of the remaining
ingredients is recommended to achieve dispersion. This recommendation is
based on the reduced mixing energy of laboratory mixers as oompared.to transit
or central mixers.

Failure to address this increased mixing effort may have contributed to
reduced performance of mixtures containing densified silica fume in this
program. While these mixtures were not severely affected, some of the
anticipated benefits were not evident. The silica fume cement used in this
evaluation did appear to provide many of the desired benefits. It is unknown,
however, if maximum performance was achieved; and how other silica fume
cements will perform under similar conditions. Additional research is
essential, to establish optimum batching and mixing procedures that will
provide maximum benefits from all silica fume products used in conerete. .




MATERTALS
The materials selected for this program represent those used, or

pfoposed.for use, at the S. T. Griswold & Co. ready'mlxedvconcrete facility in
Williston, Vermont. The materials are as follows:

 Aggregates:
- 19.05 mm (3/4") Crushed Stone

F. W. Whitcomb Construction Corp.
Colchester, Vermont ,

Fine Aggregate

Hinesburg Sand & Gravel Company, Inc.
Hlnesburg, Vermont

Cements:

ATyﬁe 1T Cement

Lafarge Corporation, Northeast Cement’
St.,Constant, Quebec

Blended Cement (Lafarge Silica Fume Cement)

. lLafarge Corporation, Northeast Cement
St. Constant, Quebec

Admixtures:

Air Entraining Admixture
Micro-Air L
Master Builders, Inc.
Cleveland, Ohio

Water Reducing Admixture

WRDA with Hycol /
W. R. Grace & Company
Cambridge, Magsachusetts

High Range Water Reducing Admixture
WRDA-19

W. R. QGrace & Company

Cambridge, Massachusetts

~Silica Fume (Microsilica) Admixture

Force 10,000 (Dry Densified)
W. R. Grace & Company.

Cambridge,; Massachusetis



PROCEDURES
AOT Class A concrete was selected as the reference material for this
- investigation. Class A mixtures are designed with a minimum cement content of
391.57,kg/m3 {660 lbs/yd3) and a maximum .44 water/cement ratio. A water
reducing, retarding, or water reducing and retarding admixture is specified.
The required air content is 6 + 1% and a maximum 76.2 mm (3 inch) slump is
gpecified when this class of concrete is used in bridge decks. The minimum
~ compressive strength requirement for Class A is 27.58 MPa (4,000 psi) at 28
days. , , ' . \

Silica fume concrete is currently detailed in project Special Provisions
and must meet the requirements of Class A concrete with the following
modifications: —

1. Water/(Cement & Silica fume) ratio - maximum 0.40

2. Slump - 127 + 50.8 mm (5 + 2 inches) (after addition of super

plasticizer) o

3. Air content - 7 + 2% , '

4, Seven day compressive strength no less than 31,03 MPa (4500 psi)

5. 28 day compressive strength no less than 34.48 MPa (5000 psi)

The silica fume shall be added to the concrete mixture at the rate of
7.5% by weight of portland cement or 29.37 keg/m° (49.5 1b/yd®) of silica
fume. Use of a high range water reducing admixture will be required to
produce a workable mix, At least three weeks prior to placement the
Contractor shall submit to the Engineer the proposed silica fume
concrete mix design for approval. ' , ‘

Aggregates were Sampled and tested for compliance with the appropriate
sections of AOT specifications. The aggregates were air-dried prior to the
start of mixing operations. '

Two reference batches were prepared which contained 391.57 kg/m> (660
lb/yds)‘of cement, an air entraining admixture and a water reducing admixture.
Two batches each were also prepared for the concrete containing a high range
water reducing admixture and for the three addition rates (2.5%, 5% and 7.5%)
of dry silica fume admixture. Four batches were prepared using the blended
silica fume cement.  Concrete was mixed in a Sears rotary drum mixer with a
batch size of 0,05 m3 (1.8 ft3). Mix designs, including water and admixture
guantities, are shown in Tables 1 and 1-M, in Appendix A,

Tests were péfformed on the fresh concrete to detérmine slump (AASHTO T
118-82), air content (AASHTO T 152-80), unit weight (AASHTO T 121-86),
temperature (ASTM € 1064-86) and time of setting (AASHTO T 197-90).

Hardened concrete was tested for compressive strength (AASHTO T 22-90),
resistance to rapid freezing and thawing (AASHTO T161-86) modified, and
resistance to chloride ion penetration (AASHTO T 259-80) modified.

Compressive strength, using 152.4 x 304.8 mm (6 x 12") cylinders, was
determined at one, three, seven and 28 days. Freeze thaw specimens, 76.2 x
7642 x 406.4 mm (3 x 3 x 18") prisms, were moist cured for 14 days before
being subjected to 300 cycles of rapid freezing and thawing in a 3% sodium
chloride solution. Tests for resistance to chloride ion penetration were
conducted using 304.8 x 304.8 x 127 mm (12 x 12 x 5") deep blocks with an

279.4 x 279.4 x 19.1 mm (11 x 11 x 3/4") deep reservoir cast into the surface.
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The blocks were moist cured for 14 days, followed by 28 davs of air drying.
- During the drying period, the blocks were sampled and tested for base chloride
ion levels. At the conclusion of the drying period, the specimens received
90 days of continuous ponding with a 3% sodium chloride solution. Following
ponding, the specimens were again sampled and tested for total chloride ion

content at depths of 1.6 to 12.7 mm (0.0625 to 0.50"), 12.7 to 25.4 mm (0.50
to 1"), and 25.4 to 50.8 mm (1 to 2'). :




RESULTS & DISCUSSION
Results of tests conducted on the coarse and fine aggregates used in

this investigation are shown on laboratory Report Nos. G9300134 and G9300141,
in Appendix B.

. Test data for fresh and hardened concrete, for all batches, is outlined
in Tables 2 and 2-M in Appendix C. Tables 3 and 3-M show average results for
each combination of material examined. Average results for silica fume cement
in Tables 3 and 3-M show Batches 1 and 2 combined, and Batches 3 and 4
combined. The data was presented in this manner to compare results when air
contents varied approx1matelv 3%.

COMPRESSIVE STRENGTH

‘1. Compressive strengths of the HRWR and silica fumé cement mixtures were
approximately equal at 28 days. These materials yielded strengths that were
significantly higher at that age than the reference batches, and exceeded the
strengths of batches containing compacted silica fume by a considerable
margin. The 28 day strengths of HRWR and silica fume cement batches were 30%
to 34% greater than reference batches, while the Force 10000 strengths ranged

from 9% to 17% higher than reference strengths. Figures 1 and 1-M, in

Appendix C, show the average strength gain characteristics of the various
mixes, : L

2. Batch 1 of Force 10000 at the 7.5% addition rate, failed to achieve the
- currently specified seven day strength of 31.03 MPa (4500 psi). All other
batches containing silica fume complied with both the seven day requirement,
and with the 28 day minimum of 34.48 MPa (5000 psi).

RESISTANCE TO RAPID FREEZING AND THAWING

1. All batches examined in this program performed well ‘in freezing and
thawing tests. Results after 300 cycles of freezing and thawing showed weight
losses ranging from 0.8% to . 5.1%. The best overall performance was displayed
by the reference concrete with an average durability factor of 101.9, and an
average weight loss of 0.8%, after 300 cycles. Figure 2, in Appendix C,
illustrates the average weight loss experienced in freeze/thaw testing.

2. The silica fume cement batches, with an average 8.8% air content performed
somewhat better than their companion batches with an average air content of
6.1%., After 300 cycles of freezing and thawing, batches 1 & 2 (8.8% air
content) showed 1.8% weight loss while batches 3 & 4 (6.1% air content)
exhibited 5.1% weight loss.

3. The HRWR and Force 10000 silica fume batches showed.average weight losses
ranging from 3 0% to 4,1% after 300 cycles.

RESISTANCE TO CHLORIDE ION PENETRATION

1. Base level chloride tests, oonductéd prior to the start of ponding,
yvielded a broad range of results. The lowest reading obtained was 19 ppm and

the greatest reading was 137 ppm, with an average of 63 ppm for 27 tests.
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2. Chloride contents after 90 days, obtained with Foroele,OOO»at the 2.5%
and 5% addition rates, were roughly equal to reference concrete results at all
depths.

3. Force 10,000 concrete using the 7.5% addition rate had less chloride
intrusion at the 1.6 - 12.7 mm (1/16 - 1/2") depth than the reference
concrete, but exhibited similar performance at greater depths.

- 4, 'The batches containing silica fume cement demonstrated the best overall
performance in resistance to chloride intrusion tests. After 90 days of
ponding, the chloride contents at 1.6 - 12.7 mm (1/16 - 1/2") were equal to or
less than the other concrete mixes. Depths  greater than 12.7 mm (1/2")
showed chloride 1evels similar to those obtained prior to the start of
testlng

5. At the 1.6 - 12.7 mm (1/16 - 1/2") depth, considerable variation existed
between batches of similar concrete. Several of the batches had chloride
_contents at that depth which were roughly half the chloride content of their
counterparts., L

6. At the 25.4 - 50.8 mm (1 - 2") depth, chloride contents of all batches,
after 90 days of pondlng, were comparable to results obtained prior to the
start of testing. ,

7. TFollowing 90 days of ponding, none of the materials had chloride contents
below the 12,7 mm (1/2") depth that approached the corrosion threshold of 325
ppm. Average results of chloride ion penetration tests are dlsplayed in
Figure 3, 1n,Append1X C.

i

MISCELLANEOUS

1. Batches containing the Force 10,000 silica fume generally had earlier
setting times than the other concretes. Conversely, batches containing silica
fume cement exhibited later setting times. Difficulty controlling concrete
temperatures and storage temperatures of time of set specimens may have had a
greater influence on setting times than other wvariables in the testing

program.




CONCLUSIONS & RECOMMENDATTONS

1. Concrete containing silica fume cement performed well in all tests
conducted in this evaluation. It is recommended that this material be
approved for use in AOT projects when silica fume concrete is specified. Use
of this material will be contingent upon the ready mixed concrete supplier
providing adequate storage facilities for handling and dispensing the blended
product. Provisions must also be made to insure strict adherence to specified
ratios of portland cement and silica fume, i.e, additional cement and silica
fume must be available for blending, when non-standard quantities are
specified,

2. Due to the strengths experienced with silica fume cement, whenAcompared
to other mixtures, further examination of all silica fume produots is
recommendeda Examinations should include, but not be 11m1ted to

a. Compressive strength comparison of concretes or mortars containing
"slurry” vs densified (compacted) silica fume products, and blended silica
fume cements.

b. Development of laboratory tests to determine the necessity for extended
mixing times to achieve full dlsper81on of den51f1ed/compacted silica fume
and481llca fume cements.

1) USe a cOnstant energy mixer. (Laboratory mixer meeting requirements
of AASHTO T 162.)

2) Combine cementitious materials w1th graded standard.saﬂd.meetlng
requirements of ASTM C 778,

3). Blend materials for several prescribed mixing periods, ie. one, two,
four, and six minutes.

4)  Determine compressive strength, AASHTO T 106, at early ages, 1e. one,
two, and three days to establlsh an optimum test age.,

3. Prior tO'completion of 1aboratony tests, require ready mixed concrete
producers to adhere to the following procedures when silica fume ooncrete is
used: ,

a, Increase mixing periods to a minimum of 150 revolutions of the drum at
- mixing speed, when transit mixers are used

b. When central mixers are used, increase mixing times a minimum of 50%.
c. Limit the maximum load,size to 80% of rated mixing capacity.

These addltlonal requirements may be walved if the producer elects to use a
"slurry’ 51llca fume product.

4, Until more conclusive information is obtained regarding use of silica fume
at reduced addition rates, it is recommended the current 7 1/2% addition rate
be retained when silica fume concrete ig specified.




Appendix A
TABLE |

CONCRETR HIX DR3IGHS
BATCH QUANTITIRS

Force 10,000 = §ilica Pune
Reference - HRHR 1.5% 5% 1.5% §ilica Fume Cement

Haterial Rl R2 HRY HRZ 1 2 1 2 1 1 1 A 3 4

3/4” Stone, lbslyd3 f 1574 1574 1674 1574 1590 1590 1590 1590 1530 1590 1590 1590 1590 1590

~Sand; lbs/yd3 1327 1327 1418 1418 1288 1288 1288 1288 1288 1288 1288 1288 1288 1288

Cement: :

‘Type II, lbs/yd3 : 660 660 660 660 660 660 660 G660 660 G660

k‘Silica Fune, 1bs/yd3 109.5 709.5 709.5 709.5
- Rorce 10,000, 1bs/yd3 16,5 16,5 33.0 33.0 49.5 43.5
. Micro-Air, oz/yd3 6.0 6,0 3.5 2.0 3.5 3.5 3.5 3.5 3.5 4.5 5.0 40 2.0 2.0

WRDA/Hycol, on/cut

R B ] 33 i3 d.03
- WRDA-19, oz/cwt il il oot o1 i

Het water, gal/yd3 d4.1 34.1 30.4 30,3 20.4 29.5 30.8 30.9 33.7 33.4 28.3 27.6 20.0 2.1

H/C & W/(C+8F) 0.43 0.43 0.38 0,38 0.36 0.36 0,37 0.37 0.40 0,39 0.34 0.32 0.34 0.34
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TABLR 1-K

CONCRRTR: HIX DESIGHS
BATCH QUANTLTIRS

¢ ~ Rorce 10,000 - SilicavFume‘ , .
Reference HR¥R 2.5% 5% 1.5% 8ilica Fume Cement

Material Bl RZ - HRL  HRZ 1 2 1 A 1 ] 1 2 3 {

19.1 nn Stone, kg/m3 933,83 933.83 933,83 933.83 943,32 943.32 943,32 943.32 943.32 943.32 943,32 943,32 943.32 943.32

Jand; kg/m3 787,29 787.29 841,28 841.28 164,15 764.15‘764.15 764.15 764,15 764,15 764,15 764.15 164.15 164.15
(ement: . ‘ k ‘ A
Type II,Akg/m3 JLURT 394,57.391.57 391,57 380157 391.57 381,57 391.57 391,57 39157

dilica Fume, kg/m3 £20.93 420,93 420,93 420,93

Porce 10,000, kg/n’ G000 919 1958 1958 2931 20,91
H’icro~Aif, al/n} W1 s o B ons % 05 D5 B w110
WBDA/Hycol, l/kg. LI L9 1% 196 196 196 196 196 196 L9696 196 1.95 1.9
ROA-L9, alfkg AT AT AT LT A LT T L7 L L1 LT LU
Net water, L/n® (69,85 160,89 150,61 150,02 145,55 146,06 152,49 (52,99 166.85 165,57 145,00 136.65 143,58 144,08

H/C & W/(CHSF) 0.43 043 0.38 0.38 0.36 0.36 0.37 037 040 039 0,34 0,32 0,34 0.4

11



Appendix B

TA 419 Rev, 2.5 M 1-92
STATE OF VERMONT
AGENCY OF TRANSPORTATION
MATERIALS AND RESEARCH DIVISION

REPORT ON SAMPLE OF STRUCTURAL CONCRETE AGGREGATE ConcpeTe

C.e= .
3300134
Laboratory Number Pay Item _ 450,
Project Name 2, o e Furues  U=eY9o K Project Number _ G3 - —7
Sampled By “ye=i i Daie Sampled®Ze_ =92 Examined For _254.0
Sampled From sy v Dw Plant oz 4= ooudd LA aS8m el
Source of Material _ omir B | Dul0oSK
Quantity Represented  —— Sample Type T2 Liphusy DM
Sample Comparison . 3cs Cross Reference Number
MATERIAL TESTED /4 * co. wmae R, CollOeTe
SIEVE WEIGHT % RETAINED % PASSING AGGREGATE MOISTURE CONTENT &
S1ZE INDIV, IND'V. cumuL, CUMUL.,
RET WET WEIGHT
DRY WEIGHT
e : ' " MOISTURE CONTENT %
rer ! — &%}
B4« '
eT /4 033 i 9 1 NOTE: MOISTURE CONTENT (%) =
Wy ¥
wer 2" 1790 | 52 o W —w
o B loz | zi zs w "D
: _ T2 X 100
e 8 012| Z !
; w ]
AN 0.37 | w = WET WEIGHT
TOTAL 22. 64 /6% 1 WD == DRY WEIGHT
Fineness Modulus
Cumul, Total Retained/100

Organic Impurities: Color

T&E == 20> == J0.% % Thin & Elongated Pieces
Total Weight 2i%
Fractures == 73 == joyy % FracturedFaces

Total Weight <%

* Original Weight =200 Grading /" ‘
Final Weight 4 Z§ ;_E Percent Wear  }77, 497 AASHTO T96 'ﬂ‘

( ) Test results are in compliance with specifications.

{ x/{ Test results are outside specifications,

Comments: O. 2D bt THIN ¢ ELOJGATED P}%.a
MATELI AL, nOoY ZRIC=TED

: ) . Do - B,
Tested By . J\ewonl Zoil.. " Reviewed By >
Date Completed b Ve G Date £S 7 72 M




TA 419 Rev. 2.5 M 1.92
STATE OF VERMONT
AGENCY OF TRANSPORTATION
MATERIALS AND RESEARCH DIVISION

REPCRT ON SAMPLE OF STRUCTURAL CONCRETE AGGREGATE COAC{ZBT"&M

: o~
(9300141 =
Laboratory Number Pay Item  «5)
Project Name foss;pie future USE Lok .1 Project Number G3-£ -7
Sampled BY ke Date Sampled = ./,.G2, Examined For 7n4,01
Sampled From <1y X 5770 = Plant cooas ooas  (0aSTon)
Source of Material Wy <P ifP(-

Quantity Represented  —_ Sample Type e inana 2
Sample Comparison  vwy¢~ Cross Reference Number

MATERIAL TESTED Finie, A~ Foe (ospere

SIEVE WEIGHT % RETAINED % PASSING AGGREGATE MOISTURE CONTENT
size INDIV, IND'YV, CUMUL. CUMUL.,

RET WET WEIGHT,

e E°N — ' 0O DRY WEIGHT
4
]

1< 2 2 C?B MOISTURE CONTENT %

7 | 14 | w | g4
e s 2o | 22 | 38 | (o2

RET

1 NOTE: MOISTURE CONTENT (%) =

@0 N9 | zn | 58 42z Yw™Wp < o

rer Sl nHa | Zo 78 22 W

rer OO 7 4 9z o)

PAN 4= 8 100 W, = WET WEIGHT
ToTaL S84 j/6’s) - W, = DRY WEIGHT

Fineness Modulus :
Cumul, Total Retained/100  Z.84

Organic Impurities: Color _ £ |

T&E == = % Thin & Elongated Piecss
Total Weight

Fractures = B % Fractured Faces
Total Weight

Original Weight Grading
Final Weight Percent Wear

( \/7 Test results are in compliance with specifications.
( ) Test results are outside specifications.

Comments:

: DANUD . HAE
Tested By )\ oL % Reviewed By W %
Date Compléted (o " Dat ok
ate Complete O s (p-93 ate ;7:?; 72 /%
' 13



TABLE 2

CONCRRTR TRST RESULTS

Rorce 10,000 - 8ilica Fume

Appendix C

§ilica Pume Cement

! Reference  HRWB 1.5% 5% 1.5% {1.5% Bilica Fume]
Test : Rt B2 HRI HRD 2 i 2 1 ! A 3 i
1
Slump, in i 3.00 3.00 6.50 6,50 5,25 §.00 4.25 4.75 5.60 5.50 7.00 7.25 1.25 71.2%
kir content, ¥ Tk 6 82 8.8 6.8 6.8 6.5 6.8 6.2 6.5 8.6 9.0 60 6.
Weight, ib/ft3 PO 14103 M2 0 1440 14300 14304 1425 14208 1AL 4 1415 140.2 1399 1441 1448
Tenperature, °F i 69 10 68 M W T2 13N 1% 88 68 16N
Tine of setting: /
Initial, heimin i 8:10 T:55 10:00 10:00 8:00 8:00 6:30 6:50 7:10 7:20 11:20 10:30 ---- ~---o
Final,  hrimin E10310 10500 11230 12:05 9130 9:200 1:50 8:10  8:40 8155 13:00 12140 ---> ----
Compressive ; :
- atrength, psi 1 ,
1 day ! 1839 2058 3031 3003 3318 3268 3172 3360 2787 2798 2660 2539 2748 2575
3 days VoS 2914 4372 4351 4145 4269 4060 4060 4043 4043 4464 4909 5125 5L0
1 days Vo 3B40 3915 4844 5496 5189 HITH 4732 4973 4266 4665 B33T 6112 6087 6059
28 days L4973 4736 6248 6731 5578 5779 5709 5475 5217 5376 6321 6275 6519 6381
Freese/thay ! - ‘
resistance! !
Weight loss, & | : ‘ .
50 cycles oo 02 08 0 0. 0 0E e e cae 8 0 D 1
100 cyeles o0z 0 12 L0 13 Lt 08 07 07 13 06 06 LT %0
150 cycles e 0 L b e e e D08 0 e e DT g
200 cyeles Voo 0 - s E i L A L B e A
250 cycles e 0 2y e b o LY R L L e 48
300 cycles o R e B 3y LT L 8 e 8 5
Durability factor , ~ :
50 cycles Y 100.6 98.8 ~--- 100.7 100.0 97.2 100.0 99.8 99.2 99.8 98.2 98.6 98.4 97.9
100 cycles VoI01L8 9902 8171009 100.7 97.9 98,5 94,5 869 9.7 98.6 98,2 91.7 966
158 eycles L0102, 09909 95,9 102.3 101,10 97,4 99,5 98,3 98.F 89,3 98,5 98,4 960 954
200 cycles o102.4 100.5 97.1 103.1 99,0 96.3 97.7 98.6 98.2 95.7 98.6 98.1 96,3 94.9
250 cycles Fo103.8 101,20 96,2 103.6100.7 977 98,9 98.7 908.2 97.4 98.7 94,7 863 942
300 cycles i 103.3 100.4 97.3 102.6 100.6 97.1 98,6 99.1 98.0 98.6 99.2 98.1 94.9 9.5
Total chloride ion: | t :
Base Level! ppa ;
Sanple depth, i :
 0.0625-0.5 in ' 46 19 33 B0 e ee i aw e e de e e e
0.5 =1.0 in b o806 0 == 8T 64 B4 86 84161 08 6B o= =-
Lo -2.0in H 20 50 A0 34 61 B8 64 6679 132 13T BT = e
After 90 days! ppm | ' : :
Sanmple depth, : ,
0.0625-0.5 in G883 1422 840 861 815 1689 1524 827 697 1238 378 657 . 4G4 141
0.5 =10 1in Pooq18 188 163 83 84 134 68 1180 84 17426 66 53 B
L =030 in ; 56 63 3 4 55 83 80 95 106 137 110 43 11 4l
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Referance

TABLR 2K
CONCRETR TRST BESULTS

Force 10,000 ~ §ilica Fume §ilica Funme Cement

HRUR

2504 - 50.8 mo

; 2.5% 5% 7.5% {7.5% Silica Fume)
Test ! Bl R HRL HRD 1 A 12 ! A ! 2 §
~Slump, ma ¢ 76,2 76,2 165,01 165.1 133.4 127.0 108.0 120.7 139.7 138.7 177.8 184.2 184.2 184.2
Air content, % o e 8 68 6% 68 65 68 6.2 B 86 8.0 6.0 b
Yeight, kg/m3 Voo 0273 2264 2276 2312 2296 2297 2283 1288 2265 2267 2248 2241 2308 2316
Tenperature, °C ;20,6 211 2000 22.8 21,1 22.2 22,8 22.8 22.2 22.8 20.0 20,0 21.1 22.2
Time of setting: ; ‘ ‘ :
Initial, hrimin b 8:10 T:55 10:00 10:00 8:00 8:00 6:30 6:50 7:10 7:20 11:20 10:30 ---- ----
Final, hrimin V10010 10500 1130 12:05 9:30 93200 7050 8110 8:40 BiAH 13300 12140 ~--- =onc
Compressive ' ‘ ' -
strength, HPa ! : : ; ,
1 day v 12068 14,19 20,90 20,71 22,88 22,53 21.87 23,17 19.22 19,29 18.34 17,61 18,95 11.75

3 days P 21.6620.,09 30,14 30,00 28,58 29,43 27.99 27,99 27,88 27.88 30,78 33,85 35.34 35.92

1 days Vo240 28,99 33,40 37,89 35.78 35,68 32.63 34,29 29041 32,17 87,20 42,14 41,97 4178
28 days ¢ 34,29 32.65 43,08 46.41 38.46 39.85 39.36 37.75 35,97 37.07 43,58 43.27 44.95 44.00

Freege/thaw H ,
resistance; "
Weight loss, ¥ . '
50 cycles 02 02 08 06 0T 0E 0 e e e 0 0 D L
100 cycles ' Ao 03 1 L L0y 07 0.7 L 06 06 1.7 2.0
. 150 cyeles R e R e A
200 cycles o0 05 - 18 25 2 a4l LA LY 41 12 13 36 40
250-cycles oy 0 sy e e 0 L B 1 L 4L 48
300 cycles o h0 3 4 R 3y LT 60 B L8 A 5
- Durability factor | , , :

50 cyeles  100.6 98.8 ---- 100.7 100.0 97.2 100.0 93.8 99.2 99.8 98.2 98.6 98.4 91.9
100 cycles POo101.8 99.2 97.7 100.9 100.7 97.9 99.5 99.5 96.9 94.7 98.6 98.2 91.7 96.6

150 cycles Co102.9 99.9 95,9 102.3 106,01 97.4 99,5 98,3 98.5 99.3 98.5 98.4 96.0 95.4

200 cycles 102,48 100.5 97.1 103.1 99.0 96.3 97.7 98.6 98.2 95.7 98.6 98.1 96.3 949

250 cycles vo103.8 1012 962 103.6 1007 97.7 98,9 98.7 982 98.7 98.7 96,3 94,2

300 cycles V10303 10004 97,3 102,6 1006 97,1 98,6 9901 98,0 98.6- 99.2 981 94.9 63.5

Total chloride ion: | ,
Bage Level: ppn :
Sanple depth, : ‘ “ ,

L -12.7m 46 18 33 B0 e- ee e e eeme e e e e
12,7 =254 mn : 5226 0 -- 82 64 B4 . 86 84 101 18 BB .- -
25:4 - 50.8 nn oo B B0 3 87T 68 64 B8 78 132 13T 81 e s

After 90 days: ppn | '
Sanple depth, : : '
1.6 - 12,1 nn Voo 883 1422 840 561 815 1689 1524 827 687 1239 379 657 464 191
10,7 - 254 mn poood18 199 163 83 . 84 134 6% 118 94 174 26 4b B3 B
! 58 63 31 44 55 83 80 95 106 137 110 43 71 M
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TABLR 3§
AVERAGR CONCRRTR TRST RRSULTS

~ Silica Pume Cement
_Rorce 10,000 - §ilica Fume (7.5% Silica Fume)

Test Reference HRNR  2.0% 5% 164t M
Slump, in - 3.00 6.50 5.25 4,50 5,60 1.2 1.2
Air content, % 1.8 1.5 6.9 6.7 6.4 8.8 6.1
Height, 1b/ft? 141.8 143.2 143.4 142.1 141.5 140.1 1444
Tenperature, °F nmoon 1 " n I 11

Tine of setting:
Initial, hrimin
Pinaly,  hrimin

802 10:00  8:00 6:40 1016 1055 ceon
1605 11:47 9:25  8:00 847 12:50 .

Compressive
strength, psi . ‘ '
1 day 1949 o 1293 3266 2793 2600 2682
3 days 3028 4362 4207 4060 . 4043 1687 5168
1 days 3728 5110 5182 4853 4466 5755 6073
28 days 4855 6430 5679 5592 5297 6298 6450

Preese/Lhay . ' : f‘
resistance;

‘Weight loss, %

50 cyeles 0.2 0.1 0.1 0.5 —n- 0.4 1.1

100 cyeles 0.3 1.1 1.2 0.8 1.0 0.8 1.4
150 cycles 0.3 L6 - L0 2.0 nsn 2.3
200 cycles 0.4 1.8 24 1.8 1 1.3 3.4
250 cycles 0.5 .5 2.8 2.4 3.5 1 4.8
300 cycles 0.8 3.0 3.3 3.0 4.1 1.8 5.1

Durability facto /

50 eycles 99.7  100.7 98.6 99.4 99.5 98.4 98.2

100 cycles 1005 993 943 995 474 98,4 41.2
150 cycles L 89 99.3  98.9 98.9 98,5 85.7
200 cycles 1015 100.1 91.1 §8.2 91.0 98.4 95,8
250 cycles 102,48 99.4 99.2 98.8 97.8 98.7 95.3
300 cycles 101.9 100,90 98,9 98.9 98,9 987 9.2

Total chloride ion
Bage Level: ppn
Sanple depth, ~ ' : :
33 41 - - == ~a -

0.0625-0.5 in -
0.5 1.0 in 39 50 4 85 43 4. .-
110 "2-0 il’l

9 68 65 106 97 =r
After 90 days: ppn o
~ Sample depth,

f.0625-0.5 1in

0.5 =10 in

1.0 -2.0 in

158 1 1252 1176 368 518 328
159 123 109 94 134 48 §2
61 38 69 88 122 m 58
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TABLE 3H
AVERAGE CONCRERTR TEST RESULTS

Silica Fume Cement
Foree 10,000 - §ilica Pune (71.5% 8ilica Pume)

Test Reference  HRUR 2.5% 5% 1.5 18 384

16.2 1851 133.4 11443 139.7 1842 184,2
1.6 1.5 6.9 6.7 6.4 8.8 6.1
2268 24 29 2286 2267 44 2313
a2t 2T 2.8 4.8 0.0 21,1

Slump, mn,

At content; %
feight, ke/n?
Tenperature, °C
Tine of setifing:
Initial, hrimin

8:02 10:00 65140 7118 10:55  ----
8:47

{5 el
(=3
<~
o>

8.9
Final, hripmin 10:05 11:41 912 S50 e
Compressive ~ ' ~
strength, HPa
1 day 13,44 20,80 2.1 22,52 19.26  17.93 18.35
3 days 20,88 - 30.08 29.01 21.99 27,88 32.32 35,64
1 days 25,10 35,85 35.13 33:46 30.7% 39.68 11,87
28 days 33,48 44.75 39,16 - 38,56 36,52 13.42 .41
Freese/thaw
resistance;
- Weight loss, % ;
40 cyeles 0.2 b7 0.1 0.8 e= 0.4 1
100 cycles 0.3 1.1 1.2 0.8 1.0 0.6 1.9
150 cycles 0.3 1.6 === D 2.0 --= 2.9
200 cycles 0.4 1.8 2.4 1.8 2.1 1.3 3.8
250 eycles 0.5 2.5 2.8 2.4 3.8 1 4.8
300 cycles 0.8 3.0 3.3 3.0 41 1.8 5.1
Durability factor ; . ‘ :
50 cycles 39.1 1007 98.6 99,9 995 98.4 98.7
100 cycles 100.5 99.3 99.3 99.45 97.8 98.4 97.2
150 eycles 101.1 99.1 99.3 98.9 98,9 98.5 5.1
200 oycles 1018 100,1 97.7 0 882 910 984 95,6
250 eyeles 102.5 99,9 - 832 98.8 97.8 98,1 953
300 cycles

: 1019 100.0 98.9 . 88.9 98,3 98.1 94,2
Total chloride ion : : : :

Base Level: ppn
Sanple depth, - )
33 41 -- - - - =

1.6 - 12.7 un ‘
12,7 =254 mn 38 50 4 85 93 43 -
254 - 50.8 mn

3 42 &4 68 166 97 =
After 90 days: ppa : ' '
Sanple depth, '

1153 101 1252 1176 968 518 328

L - 12.7 mr
12,7 - 254 mn 159 123 109 44 134 46 52

254 - 50,8 nn 61 38 69 88 122 1m0 b6
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: WL
TA 565 Rev. 4/79 Prepared By: William Meyer
Date: May 27, 1993
Sheet 1 of 1
STATE OF VERMONT —
AGENCY OF TRANSPORTATION

MATERIALS & RESEARCH

RESEARCH INVESTIGATION

Work Plan No._93-C .7

Subject__ Silica Fume Concrete (2%%, 5% and 7% addition rates)

Investigation Requested By Warren B. Tripp Date March 18, 1993
: Structures Engineer
Date Information Required ASAP

Purpose of Investigation_ To determine performance of silica fume concrete when
—compared to reference concretes. Silica fume addition rates to be 2%%, 5% and 7%%.

Proposed Tests or Evaluation Procedure Two_batches each of Class A concrete will be

prepared using: . __Water reducing admixture

. High range water reducing admixture

- _High range water reducing admixture and 2%, 5% and_7%% silica fume.
. High range water reducing admixture and 7%% silica fume cement.

:.. Slump, air content, unit weight, time of setting, freeze-thaw

R TR V1IN

Testing to_includ

durability, compressive strength at 1,3,7 and 28 days and resistance to choride ion

tests... Fipal report to include results of_all tests..

Proposal Discussed With__. D.F. Hale Projected Mnpr. Requirements_35 mandays

Investigation To Be Conducted By Structural Concrete Subdivision
: : Preliminary report-87/30/93
Proposed Starting Date ASAP Estimated Completion Date__ Final report-12/31/93

Approval/Bisappreval by Materials & Research Engineer_

" Comments by Materials & Research Engineer

Materials & Research Division
Agency of Transportation
Date Typed:
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