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INTRODUCTION

The deterioration of concrete bridge decks is a major problem on the state’s highways.
This deterioration is primarily due to chlorides from deicing salts penetrating into the deck
and causing corrosion of the reinforcing steel. Overlays of latex modified concrete (LMC)
and asphalt concrete with a waterproof membrane (AC/membrane) are presently being used
on existing bridge decks as the primary systems to prevent the intrusion of additional
chlorides and moisture. Concrete overlays are more durable than the AC/membrane
systems. LMC is used on bridge decks with high traffic volumes and high levels of
chloride contamination, and on decks requiring significant rehabilitation. Tt is estimated
that LMC may be used on an additional 700 bridge decks in Washington State over the next

12 to 15 years.

Latex is a relatively expensive concrete additive. The in-place cost is further increased by
the special equipment required to construct LLMC overlays. Recent studies have confirmed
that LMC is more construction sensitive than conventional Portland cement concrete. In
view of this, an alternative protective concrete overlay system is desirable. A system that
can be mixed, placed, and finished with conventional concrete equipment should be more
economical than LMC, and potentially less construction sensitive. Additional cost savings
may also be realized by having a comparable system that can be bid competitively with the

present LMC overlay system.

In recent years, condensed silica fume, or microsilica, has been added to concrete to obtain

high strengths and very low permeability. Microsilica is a byproduct recovered during the



production of ferrosilicon and silicon metal. Microsilica, approximately 100 times finer

than Portland cement, fills the voids in the concrete, making it less permeable.

Microsilica is also a highly reactive pozzolan, generally containing more than 85 percent
silica. The chemical reaction between silica, water, and calcium hydroxide forms caicium
silica hydrate, a major cementitious product similar to that produced by the reaction of
Portland cement and water. The normal hydration of Portland cement produces 20 to 25
percent calcium hydroxide. The addition of microsilica to Portland cement and water
provides for the formation of additional calcium silica hydrate, thereby improving the

strength and durability of the concrete.

The results of laboratory testing indicate that the permeability of concrete containing
microsilica is comparable to the permeability of LMC. Compressive strengths have reached

as high as 15,000 psi in WSDOT laboratory tests.

Concrete containing microsilica can be produced in any concrete batch plant, and mixed in
standard ready-mix trucks. The use of a superplasticizer is recommended with microsilica

to provide a workable mix for field placement.

STUDY SITE

This project overlaid three existing bridges on SR 5 in Skagit and Whatcom Counties with
1-1/2 inches of microsilica modified concrete (MMC). The bridges involved were 5/725
Alger Road Undercrossing, 5/803 Samish Inn Undercrossing, and 5/807 South

Bellingham Undercrossing. Tabulated below is the pre-overlay condition of each deck.



Span Deck Area Chioride Delaminations

Bridge No. Type Square Feet ntamination* (% of Deck Arca)
5/725 PCB 8944 100 33
5/803 PCB 7020 58 10
5/807 C Box 7420 60 18

*Percent of deck area containing more than 2 lbs./cu. yd. of chlorides at the level of

the steel reinforcing.

All the bridges are in District No. | and were included in the same construction contract,

Contract 3418, Samish River to 36th Street Undercrossing.

INSTALLATION PROCEDURES

The existing bridge decks were scarified with a CMI Autograder Model 375 Roto Mill as a
first step. Unsound or delaminated concrete was removed with 15 pound air chipping
hammers. Two different methods were used to patch the repaired areas. In some cases,
the repair areas were patched with cement concrete Class M. In other cases, the repair
areas were filled monolithically during placement of the microsilica deck overlay. Prior to

placement of the overlays, the decks were sandblasted and flushed clean with water.

The microsilica concrete, fumished by Pacific Concrete of Bellingham, was delivered to the
job site in standard ready-mix trucks. The load on each truck was limited by the contract to
four cubic yards. This was done to limit the volume of concrete that had to be tinished and
protected with burlap at any one time. This should have decreased any shrinkage cracking
problems caused by rapid surface drying of the concrete. The microsilica, water reducer,

and a portion of the recommended dosage of superplasticizer were added at the batch plant.



Additional superplasticizer was added at the bridge site if the workability of the mix was a
problem. One representative of the W. R. Grace Company, suppliers of the Force 10,000
microsilica, was present at the plant to give technical advice, and another was at the job site

in a similar advisory capacity,

A slump test was performed on each load of concrete prior to its leaving the batch plant,
WSDOT inspectors tested each load at the job site for both slump and air content. The
contract specified a slump of 5 £ I inches, and an air content of 6 + | percent. Copies of
the inspector’s daily reports, with the slump and air content test results, are included in

Appendix B.

Hurlen Construction Company, the prime contractor, used a self propelled Bidwell,
equiped with a rotating cylindrical drum screed, to finish the concrete. The fresh concrete
was immediately covered with saturated burlap when the finishing and texturing process
was completed. The burlap was then covered with white polyethylene sheeting to retain
moisture. After 42 hours, the polyethylene sheeting was removed and the burlap again
saturated and left to dry for an additional 6 hours before its removal. The table below

shows the sequence in which the bridges were completed.

Date Bridge

7/18/88 5/807  Right Half
7/21/88 5/725 Right Half
7/26/88 5/807 Right Half
7/29/88 5/807  Left Half
B/04/88 5/803  Right Half
8/18/88 5/725  Left Half
8/24/88  5/803  Left Half



Expansion joint modification, as specified in the plans, was accomplished after the overlay
was installed and cured. Tt was easier to construct the expansion joints after the overlay,

and resulted in better grade control.

Checking the overlay for delaminations was done after the expansion joints had been
chipped out in preparation for modification, so any delamination caused by the chipping

process could be detected and repaired at the same time.

The bid for overlaying with the microsilica modified concrete was $32.00 per square vard.

CONSTRUCTION PROBLEMS

Because the contractor was inexperienced with bridge deck overlays, the state inspector had
to train the contractor’s supervisors and workers. Consequently, deck repair progressed
slowly. The contractor often underestimated preparation time and was not ready when the
first load of concrete reached the site. Due to inexperience, the contractor relied heavily on
the expertise of the state inspector and W. R. Grace Company representatives for the
installation of the microsilica modified concrete overlay. Since the contractor had no one
trained to do delamination chaining for deck repair, this was performed by Department

Inspectors.

When large areas of unsound or delaminated concrete were removed, the exposed rebar mat
was difficult to protect from construction equipment. The contractor usually provided

plywood sheets to bridge over these areas. Rebar supports were used with some success



to support the mat. This problem should be addressed in the special provisions. Breaking
through the deck during deck repairs was a problem. The contract plans did not provide a
clearly outlined method of payment for the extra work involved to form the bottom of the

deck and for traffic control.

While trying to use the mix design specified in the special provisions, the contractor was
unable to produce a mix that was within specifications and workable in the field. The
concrete consistently had a 0 to 1 inch slump, and the superplasticizer used to increase the
slump was not effective. The W. R. Grace Company representative felt that there was not
enough available water for the additives to affect the mix. The contractor asked for, and

received, approval to use an eight sack mix, which was used with satisfactory results,

The microsilica moditied concrete overlay for Bridge No. 5/807 exhibited an abnormal
number of shrinkage cracks. The overlays for Bridges 5/725 and 5/803 also cracked, but
not as much. There are no clear reasons for the overlays cracking, but there may have been
several contributing factors. At times during the overlay of Bridge No. 5/807, the cement
finishers had a difficult time keeping up. The resulting delays in placing the saturated
burlap and polyethylene sheeting may have caused some of the cracking. The overlays
were all installed during a time of unusually warm weather. Daytime temperatures, often in
the high 80s, and relatively war.m evening temperatures may have contributed to the
cracking. Duratard 40 retarder was used on this contract, and the mix was retarded up to
30 hours. It is possible that some of the cracking of the overlay was associated with the
use of this retarder. Also, problems with excessive slump probably contributed heavily to

the cracking



ACCEPTANCE TESTING

Mix Design

Specifications require the concrete to be a workable mix, uniform in composition and

consistency. Required mix proportions per cubic yard are:

Portland cement 658 pounds
Microsilica fume 52 pounds
Fine aggregate 1540 pounds
Coarse aggregate 1540 pounds
Air 6% X 1%
Maximum water/cement ratio 0.33 max.

The concrete shall have a slump of 5 + 1 inches, unless it is being placed on a deck with a
gradient in excess of 6 percent, in which case the slump shall be limited to 3 £ 1 inches.
Water reducing admixtures, air entraining admixtures, and superplasticizers were added as

recommended by the supplier of the microsilica admixture.

Specifications required the slump to be 5 £ 1 inches and the air content to be 6 = | percent.
Variations in these values occurred at the job site. The slump ranged from 1-1/2 to 10

inches. Air content ranged from 3-1/2 to 10 percent.

Post-construction experimental testing (not required by the special provisions) was as
follows: Compression strength of the microsilica concrete at 28 days was 12,000 psi. The
rapid chloride permeability test showed coulomb values of 227 to 352. Friction numbers

were in the acceptable range, from 35 to 54. New Portland cement concrete will typically



be between 40 and 50. Bond values ranged from 95 to 255 psi. All bond tests broke in the
old concrete, which made the tests acceptable. Performance evaluation testing over the

eight year period will be done on Bridge 5/725 Alger Road Undercrossing only.

CONCLUSIONS AND RECOMMENDATIONS

Having two representatives of the microsilica supplier present during the pours, one at the
plant and one on the job site, proved to be very effective. This arrangement should be

continued on future projects.

‘The special provisions required that the concrete loads be limited to 4 cu. yds. per load, and

that ready-mix trucks be emptied of all wash water before rebatching. These requirements

were found to be desirable and are recommended on future projects.

The problems with the slump and air content need to be resolved by the material supplier.

The following ideas, submitted by the state project inspectors, are for consideration on

future bridge deck overlay projects:

I. Itis desirable that the paving machine screed have the capacity to lift oft the

mat.

[

The contractor should be required to submit a plan outlining how the grade will

be maintained in those areas not finished by the paving machine.

10



Dry runs should be done at least a few hours prior to pouring; at least before the

two hour pre-pour deck soaking period begins.

Pre-patching of deck repair areas less than 3/4 inch in depth should not be
allowed. Those areas should be poured monolithically. There are potential

bonding problems when prepatched areas are very thin.

Pressure washing rebar, in lieu of sandblasting, should require a minimum

pressure of 5,000 psi. Final acceptance should be made by the inspector.

The contractor should submit a plan outlining how the plastic sheeting will be
kept in place without damaging the new overlay. There was a problem with

knee marks in the new deck and plastic sheets blowing loose.

Sequential pour criteria should be specified. This will alert the contractor to the

effect on contract time.

When cracking occurs in the new overlay, the deck in its entirety should be

sealed with an approved sealer. Sealing individual cracks is not effective.

The contractor should supply a concrete tester at the concrete plant, so the
amount of additive needed can be determined. Technical representatives from
the microsilica admixture manufacturer should be required, by special
provision, at both the concrete plant and the bridge site. Both the state and the

contractor depend on these people to provide an acceptable concrete mix.

11



10.

11.

It is advisable to require an extra sequential arrow sign be available in case of

sign failure.

Installing the expansion joint modification after the bridge deck overlay assures

a better final product.

12
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MICEROSILICA MODIFIED COMCRETE

ALGER KD U XING
S/7325

COMTRACT 3418

TESTING REQUIREMENTS

OVERLAY

Fost

Const

1988 1989 12990 1992 1994 1994
FRICTION 10/88 7/8%9 &/50 0w ¥ ®
DELAMINATION 7/8% 7/590 0« M ®
BOND H 7/B% b K4
Hal F—-CELL 7770 t w "
CHLORIDE 750 o »
FERMIABILITY s 7/8%
(Cores)
AIR CONTENT ¥ 7/8%
(Cores)

= To Be Tested

Bridge
Orientation

 BELLINGHAM ™

(]
- i
]
iI E!
.E ALGER RD U XING 'H
Ei Sl7RS HE
i, ]
i B
BE
EI
STH sTA
100+67 104+11
(Chlaride &3
(Halfcell Sta)
{Z+44) (O+C0)
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SLUMP

AIR CONTENT

ATR ENTRAINING AGENT

WATER REDUCER

DESIEN DATA
ALBER RD U XING 5-725

5" +/-1"
&% +/—1%
DARAVAIR

WRDA 79

MIX RATIO 7 SACKS CEMENT/S2# SILICA
WATER/CEMENT RATIO .33 MAX
FIELD TEST DATA
Truck # Slump fir Yield Air Temp

RAFPID CHLORIDE FERMEABILITY TEST

Sample Coulombs Depth Date Sample Coulombs Depth Date
RF—1 I0E 2" 7/8%

s =227 1=-3/4" | 7/89

RF-3 32 j—3/4"| 7/8%°

AlR VOID ANALYSIS ON &" CORE SPECIMENS
Sample # Y Air
AC-1 4.2
.4

AC—-2
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9
AGE IN DAY¥S

27

‘COMPRESSIVE STRENGTH .
ALGER RD U*XING S/725
DATE AGE ESI AVERAGE DATE AGE FSI AVERAGE
1 DY 2310
2270 2250
4 DY 7720
73460
&LHOQ0 7123
5 DY &BA0
SF30 -
7340 &710
29 DY 12010
- MICROSILICA KWODIFIED CONCEETE
2 BRIDGE 57725
1518-
;—; 13.9;
IR L > _
%11u.a _,.,-4-”",'
..-C.I.Q.S‘ _;-—__’-F
B 9.9 —
1 . ¥
Ej ?5' __,-I""F‘f’(‘d-
c . g‘h“"’,’
;ﬂ; 6.9' ,‘f
:-P
ot 4, 5- f
wk 3.0 /
E 1'51f
B- IIIIIII!JIIJIIIIIIEIII.ITIJII'[
% £3Bl 4
0
W



Year

BOMD TEST RESULTS

ALEER RD UPXING 5/72

o

Preak in 0ld Conc

Break in 0ld Conc.

Station Offsetk Deptb toad PSI  Comments
15251 1014035 Tort| 1-1/2 200 255
101+52 g.5 rti 1—%/4 goo| 2351 DITTO
107+10 Z.5 rt 7 Invalid test
102+90 9.9 rt 1-1/2 200 S
105 +AE 3 ort| 1-Z/4 s0O01 191 ) DITTO
HHOTE: Offsst is feet left or riaght of centerline
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i3

)]
L

FRICTION TEST RESULTS

ALGER RD U’ XING

b1
ot

S/7

aVE RANGE

FN

DIR

DATE

FN AVE RANGE

4
+ 4@ +

DIR

DATE

+ 43

E

1@/88+

b

-
-

9 + 4@ +

6+

+
+

W

+ 40 +

37+
37

4

36—-40

+

8

+

+ 51

E

7789+

+ 49 +

5@ + 48-51

+ 48 +

&/70+

by
Iy

ot}
ul

4
Ly

%
ul

FFFFFFEFFFFFFFFFFFFFFFEFFEEFEFE

FEFFFFEFFFFFFFFFFFFFFFFFFFFFFFF
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CHLORIDE TEST RESULTS
ALGER RD U XING S/725

Chlioride Content

Sample I/4 -

Year No Station Offset 0-3/4 1 1/2
19390 i O+41 7 0.746 0.0
=z O+63 5 O.13 O.27

= O+B89 7 0.72 Q.13

4 1+15 11 0.32 0.173

= 1+40 3 .28 0.16

= 1+467 8 0.37 0.17

7 2404 12 0.38 0,17

8 2+4l & 1.0%9 0.13

? 2470 7 1.19 1.07

10 3+15 12 0.95 O34

WMOTE: Offset is feet left of right curb abead on station
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in

ta

O+00

O+05

O+10

O+15

O+20

O4+25

CO+30

O+35

O+40

O+70

O+75

O+BO

O+85

OG0

O0+95

1+50

MALF-CELL TEST RESULTS
ALGER RD U XING S5/72%

July,

1790

2

+ 22

. 185 . 290
242 .282
250 I S
+ 253 +.159
268 305
255 299
+.132 +.224

.285 - 360
306 . 399
L 245 228
. 152 245
227 252

195 =243

+
k)
fary
w

-
. 283
~oT
LR = ]

(v
-

LY
I3

as
oy

r

I

1
£

e
=

e
14

-
Py

e
-~

e
pyd

e
-~

N
P

[
-~

-~

e

N
P29

e

Py

-

s
.

~r
Py

s
-

~
-

e
.

.
-u

Py

L

[
-

Values are NEGATIVE unless
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HALF-CELL TEST RESULTS
ALGBGER RD UTXING S5/725

July, 195F0

hJ
~)
pa
[V

176 225 .158 o

. 200 235 . 148 ¥

B oIS L265 172 s
.251 240 179 y
207 175 .1e8 “
=280 Y

.174 "

-156Z M

.217 .220 179 "

e Y ST PR R S TEWERY
[ +
[ ]
Lol o -
- ] [ ]
a] I [
0] rn 4

Y7 2 2T
.20 219 PR H

~ - e
259 229 RS 2

f 173 L2500 .228 ut

227 L2591 197 3

L.

L 220 L2330 193 5
215 . 255 L1863 b
237 . 244 211 u

202 .22 191 o
Li70 231 A3 L

Fage

na
'
-~

o
o

[
P

e

w
e

s
'

~e
-n

Valuss are NEGATIVE unless ctherwise noted
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Sta

MALLF-CELL TEST REEDLTE
ALGER KD W XING S/725

July, 1790

Fage

2 7 12
. 195 236 219 i
175 L2229 -143= 3
209 . 236 157 u
157 .14B 184 ¥
-

.18 .247 159 i

.21E 274 187 "
218 275 150 ¥

1
I

[
~u

LY
”

TN EES TR

—
[}
B
ra
]
~J
-
~
Ll

Values are NEGATIVE unless otherwize noted

33

10



APPENDIX C

GENERAL LAYOUTS
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APPENDIX D

PROJECT PHOTOGRAPHS
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Bidwell Paving Machine
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Bidwell Paving Machine Finishing Equipment
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Trowelling by Hand

Float Finish in Background

Plastic Cover in Foreground
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Tining Broom

Placing Wet Burlap
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