US Army Corps

oo ILvaluation of The Use of Lithium
Compounds in Controlling ASR in
Concrete Pavement

N BIIVERSETYOF

HCO Department of Foads




o
aegneen . NOFTOlK, Nebraska

Omaha District

Departiment of Roads




US Army Corps ASR Distress

Omaha District




m— -
US Army Corps Slte LayO Ut

of Engineers
Omaha District

Phase Il Congcrete Phase | Concrete

Treated

Norfolk, Nebraska
Test Panel Layout




M ({
US Army Corps Slte LayO Ut

of Engineers
Omaha District

Phase Il Concrete Phase | Concrete

Norfolk, Nebraska
Test Panel Layout




o |
US Army Corps Site Characterization

Omaha District

e Petrographic Examination

* Map Cracking

e “V” Meter
e Schmidt Hammer
* Impact Echo

* Expansion / Contraction Measurements

NeBWERSETYRFa

Un(:()in Depariment of Roads




o
e Core Samples

Omaha District

Department of RKoads




— | sl
e Core Samples

Omaha District

N anERsrw OF Jebras k: @gﬂ
entas ka -
S S

Lincoln

Depariment of Roads




Iy
samcops  Petrographic Examination

of Engineers
Omaha District

NeBWERSETYRFa
HCU

Department of K




US Army Corps

of Engineers C raCk Mapping

Omaha District

NeBWERSETYRFa
HCO




!
Snorean” Crack Mapping

Omaha District

Nebnvmsnvlch

Lincoln Department of Roads




Bl
uS Army Corps “V’’-Meter

Omaha District

AT e LA

N UNIVERSITY §OF

Lincoln




US Army Corps

of Engineers SChmidt Hammer

Omaha District

]
-

Nebuvmsrwlch
HCG

Department of RKoads




US Army Corps

Pl Impact Echo

Nebuvmsnvlch
HCG

Department of RKoads




US Army Corps

o Enginesrs Expansion / Contraction
Demac Points

NeBHVERSETYOF Nebras k:
IlCO

Department of RKoads




US Army Corps
of Engineers
Omaha District

NeBHVERSEWRFa
HCO

Demac Point

NEERENE A sl ke

Department of RKoads




US Army Corps

of Engineers Demac POintS

Omaha District

N e

Department of RKoads




— | il
samcors  ELXpansion / Contraction

Measurements

of Engineers
Omaha District

Department of Foa




Bl
o Engiress Expansion / Contraction
Measurements

Nebuvmsnvlch
HCG




sl
i Saw Cut Operation

Omaha District

ﬁ-—'—m—"— T
B l

Depariment of Roads




ngrooa”” Full Depth Saw Cut

Omaha District




US A C
of En{;rir:]):aercs)rps S aW C Ut

Omaha District

NeBWERSETYRFa
HCO




— | sl
samcoes [ reated / Control Panels

of Engineers
Omaha District

NeBHVERSEWRFa
IlCO

Department of Foads




sl
s Lithium Application

Omaha District

Department of RKoads




US Army Corps

Lithium Application

Omaha District

* Nov 2002: 0.006 — 0.012 gal/s.{.
* Dec 2002: 0.012 gal/s.1.

 May 2003: 0.006 gal/s.1.
* Oct 2003: 0.006 gal/s.1.
* May 2004: 0.006 gal/s.1.
* Oct 2004: 0.012 gal/s.1.

—
HCO Department of Foads




US Army Corps
of Engineers
Omaha District

Nebuvmsnvlch
HCG

Lithium Material

Department of RKoads




— | il
of Enginoors Salt Residue

Omaha District

Department of RKoads




o |
Us Army Corps Addition of Water

Omaha District

Department of RKoads




— |l
US Army Corps POWder Samples

of Engineers
Omaha District

pemlle

NeBWERSETY OF

Un(:()in Depariment of Roads




US Army Corps POWder Samples

of Engineers
Omaha District

N UNIVERSITY §OF

Lincoln




US Army Corps
of Engineers
Omaha District

Nebidska

Lincoln

{ =
o
-
©
|
)
c
()
(&)
=
o
(&

Lithium Contents

—3Slab 18

—Slab 1

Department of RKoads




— |l
o enpmaer” Pressure Injection

Omaha District

Depariment of Roads




— | Il
US Army Corps Pressure Cell

of Engineers
Omaha District

>

M«

NeBWERSETYRFa
HCU

Department of RKoads




— | sl
US Army Corps Pressure Cell

of Engineers
Omaha District

Nebnvmsnvlch

Lincoln




— |l
US Army Corps Pressure Cell

of Engineers
Omaha District

NeBWERSETYRFa
HCO

Department of Koad:




sl
o enpmaer” Pressure Injection

Omaha District

NeBWERSETYRFa
HCO




US Army Corps
of Engineers
Omaha District

NeBHVERSEWRFa
IlCO

Pressure Cell

Department of RKoads




sl
s Pressure Application

Omaha District

NeBHVERSETYRFa
IICO

Depariment of Roads




sl
soames”  Vacuum Impregnation

Omaha District




sl
soanes  Vacuum Impregnation

Omaha District

e

NeBWERSETYRFa
HCU

Department of RKoads




US Army Corps POWder Samples

of Engineers
Omaha District

anERsrw OF

Lincoln




US Army Corps

e Data Analysis




o |
senanees . N=S Phase I Concrete

Omaha District

| Expansion Treated

Treated
Treated v

Treated Control

(=
(®)
=
(&)
©
1S
et
=
O
o
~
(=
9
(72)
(=
©
o
X
L
(=]
o~

Panel Number

Nebidska

UHCO Il Department of Hoads




Rl
isemoons =W Phase T Concrete

of Engineers
Omaha District

Treated
A Expansion

Treated

Treated

Treated
Treated Control

% Expansion/Contraction

Control

Panel Number

Nebiask

UHCO 1l Depariment of Roads




— | il
samcors  IN=S Phase II Concrete

of Engineers
Omaha District

Treated

Expansion
Contraction

Control Treated

7

0.06

Treated Control Treated

2 3

(=
o
=
(&)
©
1S
)
=
o
O
~
(=
pe)
72)
(=
©
(o
X
L
(=]
o~

Treated Treated

8 9

0.04I
0.02I
(0]

1 4 5 6

Panel Number

Nebidsk

UHCU Il Department of Hoads




o |
seanees . E-W Phase II Concrete

Omaha District

0.2
Expansion
0.15I m

0.1 reated

Control Treated
Treated
Control
I l I I Treated Treateo
5 6 7 o

Panel Number

0

NeBWERSETYRFa
HCU

Department of RKoads




US Army Corps

aengnees - N=-§ FEXpansion / Contraction

Omaha District

|

Phase | Concrete

& Phase Il Concrete
Control Panel
_ Treated Panel -

c
(©)
=
(&)
©
| S
e
c
O
&
~
c
9
(7))
c
©
o
X
L
(=)
o~

Nebidska

UHCO 1l Depariment of Roads




US Army Corps

seanees [0V EXpansion / Contraction

Omaha District

- Phase | Concrete —

35 Control Panels
& — Phase Il Concrete
. Treated Panels .

~ EEEEE

=

c
©)
1S
o
®
{ o
whd
=
@)
o
S—
=
9
7)
=
©
o
><
Ll
o
o~

1 2 3 4 5 6 7 8 9 10 11A 12 13 14 15 16 17 18
Panel Number

UHCO 1l Depariment of Roads




— | ol
US Army Corps Schmidt Hammer

of Engineers
Evaluation

Omaha District

A
(=]

w b b
o O O

a o NN
o & © o

s i
o
c 30
=)
(©)
s B
()
=N

o (3]

Panel No. 6

NeBWERSETYRFa
HCU

Department of RKoads




B
ssamycops [ mpact Echo Evaluation

of Engineers
Omaha District

Panel No.7 Panel No.17 Panel No. 18

Department of RKoads




US Army Corps

of Engineers “V”- Meter Evaluation

30 Control

N
(=]

Treated

w
a

w
(=)

GPa

N
(=)
1 | [ [ [ | |

-
(=)

45
~ ~
Oct-02
0ct-03
M

Feew
i
—'

/
Illl

a

(=]

Panel No.6 Panel No.

Nebiaska T

UHCU Il Department of Hoads

N
Z
N

Panel No. 1

(o)

Panel No. 1




US Army Corps
of Engineers
Omaha District

NeBWERSETYRFa
HCO

Map Cracking

CONTROL

—_MAY 04

— OCTOBER

SLAB

17 NO

Nebrtrask:

Department of Roads




sl
US Army Corps Map C raCklng

of Engineers
Omaha District

TREATED INE 05
— MAY 04
— OCTOBER 02

SLAB 18 NO.

NeBWERSETYRFa
HCO

Department of RKoads




US Army Corps
of Engineers
Omaha District

NeBWERSETYRFa
HCU

Department of RKoads




