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ABSTRACT

Four types of bridge stains exist in Arkansas: Rust stains - those stains directly

traceable to rust; Red stains - broad stains which are not directly traceable to rust;

Gray stains - similar to red stains except for color; and graff iti.

Except for graffiti, bridge stains are the result of weathering and runoff from

the bridge deck. The stains contain the elements normally found in soil, rust, and

tires. Bridge stains in Arkansas cause no significant structural damage, i.e., they do

not accompany a deterioration of aggregate.

Red and gray stains, which comprise over three-fourths of all stain on most

bridges, can be effectively removed by sandblasting, washing with soap, water and a

brush, or application of certain acids then rinsing.

Stains on new structures can be greatly reduced by eliminating or sealing ex-

pansion joints above bridge piers.
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GArNS; FtNDtNGS, AND CONCLUSTONS

This study shows that most bridge stains are a result of weathering and storm

runoff from the bridge deck. Stains, other than graffiti, are composed of the ele-

ments which make up road grime, i.e., soil, rubber and rust. Due to their superficial

nature, stains cause no signif icant structural damage to the bridge piers.

Stains on new structures can be greatly reduced by eliminating or sealing the

expansion ioints above bridge piers. By eliminating runoff, stains (except for graffiti)

will be stopped at their sources.

Ninety to ninety-five percent of bridge stains can be removed. Rust stains, how-

ever, can only be removed by a time consuming and costly chemical procedure.

Graffiti, and sometimes rust stains, can be removed by sandblasting. Sandblasting

has the disadvantage of removing part of the concrete matrix. Red and gray stains,

which comprise over three-fourths of the stains on most bridges, can be removed by

washing with soap, water and a brush, sandblasting, or application of certain acids

then rinsing.



IMPLEM ENTATION STATEMENT

Bridge pier stains can be effectively prevented by eliminating runoff from the

bridge deck to the concrete below. Use of continuous span bridges, placing expan-

sion ioints away from the bridge piers, or sealing the joint with the new compressi-

ble joint sealers, angle trough drains, or neoprene belt type troughs. New bridge

structures should incorporate methods to eliminate runoff over the concrete sub-

structure.

Stains from existing structures can, for the most part, be removed by cleaining.

Cleaning will not prevent the stains from recurring, however, unless a method is

found to eliminate discharge through the existing expansion joints. For this reason,

and because the costs and effectiveness of a regular cleaning program are not known,

a pilot bridge cleaning program should be initiated. lnformation from the pilot study

can be used to determine the frequency of a routine cleaning program.
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INTRODUCTION

The pleasing appearance of highway structures, particularly grade separations,

is a vital part of highway beautification efforts. A stained or discolored bridge can

look old before its time and will give the appearance of being dirty or unkept.

Concrete stains on grade separations, and in some instances damage due to

some undefined cause, prompted the Arkansas Highway Department to seek solu-

tions to the problem particularly along lnterstate Highways 30, 40 and 55 where

most grade separations exist. The objectives sought include the following:

1. To determine the composition of the stain.
2. To determine the origin of the stain.
3. To determine the effects of the stain on the structure.
4. To make recommendations as to methods of remedying

and preventing the staining.

ARKANSAS STUDY

ln an effort to find solutions to the problem of bridge pier staining, the Arkan-

sas Highway Department in cooperation with the Federal Highway Administration,

funded this study. The method of study included a survey of staining problems in

other states, classification of the types of stains in Arkansas, determination of the

origin, chemical and physical properties of the stains, and evaluation of evidence

from testing and attempts to clean bridge piers.



Letter Survey

A letter survey on bridge stains was sent to the other forty-nine states and

District of Columbia. The survey asked for experience on composition, origin, ef-

fects, and prevention of bridge pier stains. Forty of the states replied but f ive of the

replies reported that they had no information to offer.

The most common reports of stain composition are of iron and salt. Rust was

the most common stain but weathering of iron pyrite in aggregate was also reported.

Salt from roadway de-icing is reported as the second most common cause of stain.

Stains are also reported from fungus, bird drippings, water borne minerals,

petroleum products, dust, clay, marine growth, calcium carbonate, concrete or grout

salts, and joint sealants.

Leakage of expansion joints is reported as by far the most common source of

stain. Weathering of concrete and paint breakdown were also reported.

Of the respondents to the letter survey, fifteen reported only aesthetic damage

and eight reported serious deterioration in some cases. Four of the eight reporting

damage listed salt or salt wastes as the cause. From the remaining four, one blamed

scaling and spalling, one drainage and one weathering. The other respondent did not

list a cause. Most of the remaining respondents considered structural damage as a

minor problem only.

Most suggestions to prevent stain or discoloration are to eliminate water through

the ioints. Designing more effective drainage systems, sealing all joints,and elimina-

tion of loints by use of continuous span bridges were all suggested.
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Other preventive measures include using waterproof membranes to seal con-

crete and galvanizing exposed anchor bolts and bearing plates. Where weathering is

involved, limiting the amount of iron pyrites and shale in aggregates is suggested.

Only two systems of treating bridges which were already stained were sug-

gested. One suggested removing stains with muratic acid then treatingwith aSOyo-

50% solution of boiled linseed oil and mineral spirits. The other respondent

suggested either sandblasting and treating the caps with epoxy paint or bi-annual

washing of areas and treating with a solution of linseed oil and mineral spirits.

Composition of the Stains

Four general types of concrete stains were found: rust stain, graffiti, red stain,

and gray stain (Figure 1). These stain types account for more than 99 percent of all

discoloration on bridge piers, aprons and supporting members.

Composition of the stains were determined by chemical and X-ray analysis.

Samples of the four stain types were taken by scraping the surface of the stained

concrete. Each stain type was tested (except graffiti) by X-ray analysis, qualitative

chemical tests, and combustion.

' Rust stains are those stains which are directly traceable to metat rust. For

example, the stains which are found under the columns of Corten steel or below

exposed reinforcing steel. As expected, rust stains contained iron compounds and

were the familiar burned red or rust color.

Graffiti stains are mostly paint stains from pressurized cans.

-3-



Rust Graff iti

Figure 1. Types of Stain

Gray
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Origin of the Stain

Rust stains, by the way they were identified, are a result of rusting from steel

in the bridge structure. Rust stains occured at the anchor bolts, bridge expansion

ioints, bridge piers, and on the apron at the end of bridges. Several examples of rust

stains which occured before the bridge deck was placed were found on concrete

aprons. Almost all of the rust stains on bridges were below places on the bridge

which are difficult if not impossible to paint.

Red and gray stains are the result of weathering and surface runoff. The stains

occur in areas where runoff from the bridgeswetstheconcrete surfaces. ln addition,

The composition of the stains, i.e. iron, silica, aluminum, sulfur, indicate that soil

and road grime are the origin. The presence of sulfur is not surprising because it is

used in the manufacture of tires (1 to lTzo/oby weight) and occurs naturally in as-

phalts (usually less than 1o/oby weight). lnspection trips during and just after show-

ers confirmed that areas of red and gray stains are wet by surface runoff .

Graffiti is the result of vandalism. Graffiti's origin, therefore, is people. Graffiti

stain, therefore, can best be controlled by a sense of public responsibility.

-5-



Extent of the Stain

ln order to determine the extent of bridge staining, inspection trips were made

in the fall of 1973. All the bridges along lnterstate Highway l-30, l-40and l-sS

were included.

Generally, stains on bridge columns, aprons, bents and superstructure averaged

ten to thirty percent of the total area but varied between almost no stain to eighty

percent of the total area.

Appendix B is a compilation of the survey. Stains are listed by stain type, i.e.

gray, red, rust or graffiti, and location. For example, the approximate amount of

gray stain on columns of the l-40 bridge at log mile 4.42 on l-55 in Crittenden

County was 10% of the surface area. No rust, red or graffiti stains are reported on

these columns.

Effects of the Stains on Structures

No significant structural damage as a result of stains was found on Arkansas

bridges during the inspection trips. Stains were superf icial and did not penetrate the

concrete or accompany a deterioration of aggregate.

A small amount of deterioration was present, however, above the rust stains.

Rocker arms, anchor bolts and bearing plates were the most frequent cause of rust

stains.

Cleaning

Once the stains were classified as rust, graffiti, red or gray, and their compo-

sition was determined, various cleaning methods and agents were tried. Several
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cleaning agents and methods were tried on a one square foot area to test their ef-

tiveness.

Graffiti and rust stains were very difficult to remove. Sandblasting is an effec-

tive method of stain removal but has the disadvantage of removing part of the

concrete. When repeated often, sandblasting removes the concrete matrix. Derring-

ton, stowe and Miller in the corps of Engineers paper c-68-8, "lnvestigation of

Methods for Removing Stains from Mortar and Concrete" recommend using sodium

citrate-sodium hydrosulfite for removing iron stains. Details of this method are

included in Appendix C. The method, however, is expensive and time consuming.

Red and gray stains were relatively easy to remove in the initial test sections.

Application of commercial alkaline detergents and moderate mechanical action re-

moved almost all of the stain in the one square foot test area. Dry brushing and

rinsing also removed most of the deposit.

Because red and gray stains comprise over three-fourths of the stain on most

bridges and they were relatively easy to remove, a field test using a cleaningagent,

water, and mechanical action or combination of these was made. The Seventh Street

overpass of l-40 in North Little Rock was selected because it was extensively

stained with red and gray stains and it could be cleaned from Seventh Street where

only low velocity, low volume traffic existed.

The most effective method of cleaning the l-40 bridge combined the use of

mechanical action with a brush, cleaning agent, and rinse water. An estimated 95

percent of the stain was removed this way. Use of mechanical action alone removed

--7 -



approximately 60 percent of the stain. A sprayed application of soap, rinsed S min-

utes later removed only 20 percent of the stain.

Application of one commercial cleaning agent to the l-40 bridge, then rinsing,

also removed 90-95 percent of the stain. Cleaning was accomplished with or with-

out broom brushing. The cleaning agent (Removox-a product of L Schneid, lnc.,

Atlanta, Ga.) is a mixture of hydrochloric acid, gluconic acid, g-10 molar ethylene

oxide nonionic, 12-15 molar ethylene oxide nonionic, and an inhibitor. This clean-

ing agent, because of the acid it contains, also removes some of the concrete matrix.

Prevention of Stains

Prevention of stains, other than graffiti, is accomplished by keeping the water

off of the concrete. The most effective of methods is the use of continuous span

bridges or to place the expansion joint away from the bridge piers. Elimination of

expansion joints over bridge piers, however, is not always economical.

Coatings and sealers are effective in prevention of stains over short periods of

time (Figure 2l- Polyethylene and vinyl can effectively prevent stains during the

construction period before the bridge deck is poured. With time, coatings and sealers

break down and expose the concrete to stains.

A sloping abutment with drain (Figure 3) is effective for eliminating stains

from the bridge ends. Drip pans, also shown in Figure 3, are only moderately succes-

ful because wind which accompanies the storms will blow water on the bridge piers.

Expansion joints between sections of bridges can effectively be sealed in one of

three ways (Figure 4)' Where expansions are large, as in the finger type joints, the

-8-



@
1r,
@
6t
g
I
o
o

.D

I

oo
o
E
Q'Eo
-c
o

ID

E
o
tI.

GI RDER

PIER CAP

POLYETHYLENE

COATING

PIE R

t'
LIOUID

SEALER
I

a

@
to
@
6t

e
J
oo
dl

I

oo
o
Eo
g
.c
o(tt
E
o

a,l.

0

t

a N-
\

Figure 2

-9-

I

(

I
I\

I11T

I

a

.l

t



I
I

o
rf)
@
c{
g
!
o
o

ao

I

oo
v,
Eo
-c
-9
-c
ru
m
E
o
t!

GI RDE R

DRIP PAN

END DA

t,

GI RDER
t'

00
to
@N
o

!
oo
!o

I

6o
U)

Eog
o
3
o)o
E
o
tI.

DRY
WELL SEAT

t:;-"i't
DRAIN
INSIDE PIER

Figure 3

-10-

llL SLOPING ABUTMENT

,



TOOTH PLATE TROUGH SPLASH PLATE

TOOTH PLATE

,' :.:
i'-r:$-

PIE R

GI RDER

@
lo6
ot
o

!
o
o
cl

I

oo
o
Eo
.cg

oo
E
o

l,l.

GI RDER

COMPRESSIBLE SEALER

\r

t

BELT TROUGH

Figure 4

- 11 -

I ".7t-.r

t-Trrrrllt4lrr/l

Jrrafrrrt

l\.

I
I

,

aa

rl.
a



neoprene or conveyor belt type trough is effective. Care must be taken, however,

that the belt type trough has sufficient room to flex so it will not become clogged.

lntermediate movements can be absorbed with the angle troughs and still remove

water which passes the joint. Small expansions can be absorbed with the compres-

sible block type joint sealers. Compressible joint sealers must be installed with care

or leaks will develop.

CONCLUSIONS

1. Except for graffiti, bridge pier stains contain the elements found in soil, iron

rust and tires.

2. stains on bridges in Arkansas were not damaging to the structures.

3. The natural stains, i.e. all stains except graffiti, were the result of weathering

and surface runoff.

4. Natural stains, other than rust stains, can be effectively removed by sand-

blasting, washing with soap, water and a brush, or application of certain acids

then rinsing. These stains will recur, however, unless their source is stopped.

5' Bridge pier stains can be greatly reduced by preventing rainfall runoff from

reaching the concrete below the bridge deck.
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1

2

RECOMMENDAT!ONS

lncorporate in the design of all new bridge structures a method to drain surface

runoff away from the exposed concrete substructure.

lnitiate a pilot bridge cleaning program within the Arkansas Highway Depart-

ment of 5 to 10 bridges in order to evaluate the costs, effectiveness and bene-

fits of a regular cleaning program.
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APPENDIX A

The material in Appendix A is a summary of the scanning electron micro-

scope and X-ray examination of red and dark gray stains at the l-40 and l-55

intersection in West Memphis. Micrographs and X-ray patterns for both red and

gray stains were similar. For this reason, only results from the red stain are includ-

ed.

Samples were taken by scraping the stained surface of the bridge piers. The

micrographs, therefore, contain stained concrete particles in the sand and silt

size range and X-rays reveal those elements normally found in concrete as well as

the possible source of stain.

Two micrographs taken at 1000 power of representive samples are shown in

Figure A-1. The samples are coated with a thin coat of gold, a conductive metal,

to give better pictures.

Figure A-2, like Figure A-1, contains micrographs of the samples except

that they are not coated with gold in order thay they might be subjected to X-ray

examination. ln addition, the micrographs are at 500 and 2000 power in Figure

A-2 (a) and A-2 (b) respectively.

X-ray analyses, comparing the relative intensity of X-ray with energy in

Kev is shown in Figures A-3 and A-4.

lron, Sulfur and Potassium are the elements found which might be stain re-

lated. Aluminum, Silica, and Calcium were also found but are common in con-

crete.

-a1-
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APPENDIX B

The material in Appendix B is an evaluation of the extent of stain on over-

passes along lnterstate Highways 30, 40, and 55. The bridges are listed by log mile

along the lnterstate and discribed by the route crossing and bridge type.

stains are listed by stain type, i.e. gray, red, or rust, and location. For

example, the approximate amount of gray stain on columns at the l-40 bridge at

log mile 4.42 on lnterstate 55 in Crittenden County is t0% of the surface area. No

rust, red, or graffiti stain is reported on these columns. Total stain is the % of area

stained, not necessarily the sum of red, gray, rust, and graffiti stains (overlaping

excluded).

The inspection trips, from which this appendix is formed, were made in the

fallof 1973.

-bl -



o)
E

c
o
.o
3
c'6
?

.g
!

F
f
ooof
(o

E'
(o

E''
,c()
.E
o)
c
(!
o)c
c)

_o

()
(1)
Lt
c'6
f

(E

ot
Fo
c
o
Eo
(l,

E
(o

!(!
c
ol,or=
o(Ja-,
o6ot
ie6
5oof
>R+i)oo)s
>.9EI6P
.So()P
9Eo=o

E<* 8
4,,
cD o)

'=o
g-a-(oE
oq)>Cr]o
*-(9

;REbs1r)0l(1
6{ e

8Eoo
6tF

;s .sroo

I
IIJ
F
F
U'
G,
u,F

=
;
B
TI

}R
to

bsds;srr)oro

(t,

PC-
OaLrtstro
P O: CI?too.16 o-
o.
f
tn

(u

TC3:E
! o-=
f6oto
:,a

o
f,
PC
Oafqtr
LL]

E3go
f,a

o)

f,
o=cr:LogLAL
s C)-= 6r'g<o
la

PE
LOfo
3E

@a
-
CT'

(o=
o).-:, I(n

gq
o<t
O-(JN

mdFz
fo(.)
G,
ut

=
Eo
0)

E
(u
o)I

E(g
o,

3

E
(E
q)

3

u?
@

(f,
a?
st

@ol
r\

N

N

E
o
+o)
ocDoo
CCs'a
c!
^O;p
:,
&

9LOo.9c
a F'E
EF3
6e9!Eo
c o9 !,oE.d
au3'E
o

o
CD

=}E
O-o-troa
=!o(,
E
t/)

c
-. 

o,Bo
ooo.-XE(Do
o?

}E
(!,
G

i=
5fll- u)

\o \O
ooF(t

\o
o

\O \O \o \oo\ o\ o\ o\roC)Orr)
NN

;slRxrooo(\l C.,l -

>R}e$rroc
FF(t

bR
to

bs !RotI, ;S;R Esloo()
(Y' (V)

u^l
o-

F
z
F
U'

+(,
(,

!tq,c
bS ESoo
F6l

a
ro

\O \Oo\ o\rr,O

;e aRoo

b(c(I

;R8roo

iREloo ;so
(Y'

E,
o\o bR >Soo

NN

>s ;Rro lJ)

o
:,
o=cr:to
P O)-:6rdlo;'o (J-
o-
f

<n

;sc)

:E:C,

d€

E
(E
c)

=

F
0q
o)

bR
ro

(E

c,

;so
C',1

o
l5 2.r:Eoi;:rx
H'3<'
o.
f,a

:s
1()

t\
(r,
l

l
o
f

'-C

o
c)

q
o

aso
6l

;s
rl, .so

(v)

ro
o,
o
C'

=dl

c,
:,
o

(E

q,
ct
F.
(u
crr3

@

o
=
=olo
J

q)

f
O;L
:lIE:O
LLaL! o: o?coora o-
(n

E€JO
3E

E
(E
q)

(o
oq
(9

-b2-

zI
F
o.
tr
o
CA
UJ
o



:o
d3
-o;CL6xo(D
gEoE
6)

oO-ooq)
E,

c
E8
ooo--xtoo
a .t.

E5
.o-O
o)

CE

!E
BT
93oc
>o
930J
i5 g'a
.Eb
o)

q,

o
-o(E

o
o)
E
G

U7

c
OJ

-oLd)c.q'-ooO.
Edo^L(U
-E'e'c

d=
5fl
1- cA

o\ o\ o\ooo(rFr\
;S eS bR bRootoo

N
;S bS ;Stolr,0(r,

bR ;sSo orJ:stN
;R be ;s bRroooto }R}R Nr.c,oo

N6I F
;S ;R aRoooN6t(9

u,
o-

F
z

crt

E

o
o

!l
o,
E

a saoorJ)
deo
F\

;s()
6l

bs Ds ;smrro
(Y'

\oo\o
N

ao(o
E}R}R
ol.C,ra, bR aslr)o

:l
E

\O \O
oo
NF

ae ;s ;Rorr)rJ) A(r( }R
rr)

6
(,

\o \o
roo

N
as ;s
rJ) ro

\6 \Oo\ o\ro rJ) iR bRArooo
-(\lC)

6L
q,
C'I

3
o

o:
o
E

o,
EL

F
(,
(r!
3
o

g

=(,loJ

o)

a
PC_
o-Lr:Eo
LLaLP o= o
H'3 <
o-
l

U)

(l,
$O._oIT-a

E(o
q)

:

o,
ot
o)
G|

ul
E

=

bs
rr,

o
a,
UJ
F
F.tt,
tc
u,
Fz

;

=r
9t

ES bR :Rr, [c, lr)or()

o
:l
lc

r- oi3(Doo(Jo
fa

o):
PC-
o-Lr:f:o
LLaL
!o=n916a.ji6 (J-
o.)(n

()
:l
o=

! q)i
fdloor (J
o-
:l
tn

o
a
!Co-
LL-
PO:3ooo(Jo
:l

(r't

o
)
o=cr:ko
P (l)-= 

^?@o.7o) (J-
l(n

o
::3 V.f=troLLlL! o= 

^H'8t
o-
:l

<n

N
N(o

(n

TL

E
G
(u

3

)o
-Oio6r.

C)

E(o
(u

:

(f,
to
(Y,

I
U)

E6
0,

Nr\(o

U)

II

E(!
o)

c
o(J

E
(r,
o
3

(J

BorEt
J

E
G
0)

:

l-z
fo()
o
uJ
F
cA
A.

=l,tt
I

z

Eo
a
g)
c
o
c!s
q)

o

(f,q
@
N

(')

@
N

(o
c!
lo
N

st
o,l
c!N

ll,
ol
O)

C')\
l'-

-b3-



o
o.
G

o
(u

(9

i=
5ft-o

\O \O \6o\ o\ o\c)roo
@

Alslelr)oc)
FF[f,

\oo\
to

\oo\o
\O \O \66 So\lo roc)FC!

:R as :soooN-(9
;e :elr)o AAlsolr)o(r) e 

=l

+
6
(9

\o
ll)

Eo
(E

;s :S aSroroo
@

;S;s;eroroO
sl

bR
rO

;R bRlso too
N

aso
N

:tolt

l;
a
r.C,

bs
rJ)

ERAo r.cr
6lF

u,
o-

F
z

(E

(,

\oo\
lo

\oo\o
ot

o\
rct

\oo\
ro AEoo ;s ;Roo(\tN

;e}easorf)o
N

c)
f,
o=cl=trotsE:rxr'3<
o.
1

U'

q,
:o

o

\t
a?
(o
(')

q,
trc)
tr

TU

o
J
lc
f:t
! O:g(rt oqc)
q
la

sl(\I
I
U'

0)E.:(,

1r)
ol
(f,

$

o,
JPCo-
5:E
P u=rrg
o-
fa

E,(r

o
!
.!(,
(r
(E

r\q
st
sf,

E
E

;QbsbRroroo(r,

loo

o\
ro

o
0t
llJ

ct,
E
IJJ
F

=
;

=II
I

0l

o=Cr:Eo
LLILPo=o
1,00 0r
6 (J-
o
:i(n

o)
L
a
ic
YgE
e ()i
fdloqo
q

=U)

o)

:,
o =cf,:Eo
LLaL! o: ^?r,jo.3
8.
3a

o
f,
o=c
l:Eo
P(lr-=^galo;7
o(J-
o.
:fa

!c
o(J

o)
T'.:o

tr
f
o(J

=o
lc

o
O

z
3oo
o

IIJz

c
f,
o(J

o
l

E
o(J

.go
1n
ct)
Eo
o-o
q)

o

(o
n
Ntf,

N\o$

(,
Z@
C'q)
o

o
f
o
E

o)
E
i5

a?
N
cc

o
CL

F

@

g
e. sl

o?
OJ
cc

-b4-



cs'=o
E,E
o-Eo)
-o

9E.gL_6.;LL
i,DOE
f
E

Eeotr
-o)o-
oo
XLoo
a?.
d9
-o-Oo
E.

E
o
P

o
6!E' -c:(o eE
E!ro
cQo

;# f
f

CE

o)!c
:l
(l)
t,,c(g

C-o.=
.=!
o

Ut

i=
5f,
l- ct)

o
N

bS ;R()O
\O \Oo\ o\r.r) ()

t\t
;R >9 ;R bRotoooFcc

;S ;S ;S b(ro rr) r.o C
bS ;R ;R;RrJ)oolr,

- -(r)

aR Alsaolo(Y) (\l r
bRls>RlsrJ)r{)oost rr, c,

IJ'c
F
4

a

tso
(,

bR ;R bRlo Lo rr) b(
ui }R

rr)

Eo
(E

\oo\
C)
N

\o
o so

AI
aS >S;Sro tr,o

N
bqa
(Y)

;s belo r.o

;R >S:S
QrOrll
F F(\l

,
E

\oo\o
\oo\
r.c) ;e >sro rJ)

.o
(,

\oo\
ro bsoa

rr) a'c);R ;e
rJ) rJ)

a I aatl,o(fo
C-,1 c) -**

(o
o-
o
arrp
dl

o
:,
o
E

o
rL

F
o,o,3
dt

q,

=CD
oJ

o
f,5 1.tr=troLLlL! o= A
?COOz*
6 (Ja

la

c
E CTI

-o c,
f2T

Eo
o)

:

c'
o1
r\rf

(u

:,5 2c:,:E:O
LLaLP o= o
H.o3 <
o-
f,a

f
o(J

E(o
(l)I

o
d(o

u,
E

=oo

bS aR bRooo
61 6l-

\O \O \oo\ o\ o\o oo

bR >RlS
rJ) tl,o

\oo\o
(t)

a
rI)

}e;sro r.()

o
(Y)

UJ

ct)
E,
IIJ
Fz

;

=Io
o
f

Pu=
3co oo(Jo:
U'

o
lFC.o-Lr:tro
LLaLP o= o?cDOz
6 (J-
o

(A

o)

aic
# q):goo
o(J
o_
:,

U'

o)

J
o=c
:l=EoLLlL
P o)_= 6f6o;q o-q
l

a)'t

(t,

l
o=cl:ko
Po-:^

[-g<
l

t/,

(9
rJ)r
U>

E(o
q)

=

N
t()

U'

t.l-

E(,
o)

:

ro
I
@

Eo
o)

z
=oo
v
EIo

o
kaor,;3V
o

co

E
lE
o)

3

O)

-v)

f
o
lc
{:
C
oo g

a
a
d)
C
a
o,
!
o
o

$
oq
N(o

o,
u?
o(o

Nq
re
tr)

@c!
t.c,

sf
(li
\t

-b5--



c
o
!-(l);-

^oa-oXsoo
oo
6 -!/
-o@q)
E.

tra?(l).=mo
-!CL
OoJ
-P
o

U'

o)

o
-oG
o
o
E
(o

tn

o

I(,
G
6)
E(o
(n

o
o.o
oz

c
o
o,

E-
=,9

L

=8c
U)

i=
5fl
l- tl,

rO rO rO rO
ro rr, lrro

\o \o \o \oo\ o\ o\ o\rf)r.oOO ;R bS bSroooN (\r C.{

bR ;S ;SororJ) ER be bSlr)o|r, bsatI,o saa
r.r)lr) rt

ul
o-

F
z
F(r,

(!

(9

:R >Sro rr)
\o
rJ)

!,
6'
.E

f
E

\o
tf)

be ;S :Roolo bs ;RroO >e:SlSoao as
rJ)

be ;Roo

;s
rJ)

as
rO

bR
ro

\oo\
ro bR

rJ)

TE

(9

A aR;slsrr, rr, r.f)() )s
tr)

;SEtJ)o sA.slf)oo a
rJ)

}R }Rorr)

GG
c)
cD
!,
co

c)
5
o

(E

o
CL

F
q,
C"3

EI

g

=cr!
oJ

C'

?i E-5=E6LLIL
P O: A?ao26 ()\
o
:fa

i,o
FG

=o6to

E
6oi

F\or\

o
J€c-
OaLr!tro
P (u: O?(toz6 ()-
o_
f

U)

EoFO
=odE

E
G'oI

N
o?
F
@

cnF
u.t

=
=

bsaall' Lct rl)

o
(Y'

ulF

tn
G
IJJ
Fz

;
3I(,
r

=tc3:E
P (l)=
30o oo(J
o-

a

q)

f
o=
P (l):
ftrtoo(J
o-)

U)

o)

:lPC
Oa
iPl:
LL]
PO-
3mQoL,o
5a

(D

)
o=cr:ko
P O)-: 

^E'g{o
f,
tn

o,
f
o=c
:,: E O
Po-=^H-g<o
f,

<),

(Y'
@
N
I(n

E(!
o,

Fz
:)oo
U'0z
t
o-
al,

o
I

.}oF(Eio6r.o

(o
F
ro

U)

u-

d-
o0
- 

-J-La u'

@
N
-a

E(o
o,I

Eo
0)

=

E(,
o)

:
E
(E
q,

3

<l(o
@
F

o,
u?
slr\

(o
@.
Nr\

.=
o
U'
CD

,E
o"o
!
o
o

o,
u?
N
@

N
o!
o,(o

-b6-

zI
F
o-
CEou
UJ
o



E
E

aso
N

o\ o\rl, rJ)
bS ;e beoolorfs

ofi,
UJ

q,
E,
ul
F
z

;

=II
I

o
f!c_
o-Lf:tro
LqtLP o= or-3<
o"
l

<n

(l)

f
?c
f:E
P ()igoo
o(J
o-
:,

</)

o)

JPCo-
LLf

E3g
fa

o,
f
o=cf=Eo
P o)= ^?66.7o (J-
o-
f,

an

o,
f
o=c
fTEO
P(ui^

E-g<
:la

ie:o
dEo

.L
d
G
f

o
T\
c\t
af

sf
@
I(n

+!ooo-
tn

E
Gq)

:

!
o)
E
.L
(9

6)
q,
(,

o(J

E(u
o)

E
(o
o
:

g
o
a
ED

Eo
l9
q,

o

(\l
(\l

8

(o
oq
@
o)

@ot
r\
o,

O)q
(o
o,o,

b-'f,cg
E; s
Coio= E

_BEr

o)
1C

'6r <rr
c.Eo6
P(l)
.co
Cl

CL

.=
G

31,-3
oo
Cq,'6 -o

U)

-<=

5fl
l- cA

>s :S ;Rooo
NNF

o\ o\ o\roolr)
NN

o\ o\ o\ooasf sf (V,

>sbslRrJ)olo$<l
$
u]

ao
N

aRA>RSlooloo
FF N

bs ;s aRl. lr)ro

Lll
o-

F
z
F(r,

E
E
G
(,

sbRl(, rl

;e ;slr) ro

be
ro

}R
tJ)

!,o
(E

;s aS ;Rooroc\IN
;RIRSoort
NN

;slsbso oo(Y' $ (v'
>R
l.()

;s
lr)

;s
ro AbRrr, ltl

,
E

\oo\
rO

;e
lr, ;e

lf,

(o

(9

o\
lr) bs ;soro

\o6
ro }R

ro

o)

=o=c
r:Lo
P O: 

^gcoo.JT
o (J-
o-
fa

ix
=odE(J

Eoq)

3

o
oq

o

dl

(D

5
o

0c

o
CL

F

e
=

o)5 l.r:E:o
ibfx['8 {-
o.
1a

P't:
EO:o
6E

E
G'
q)

:

rO\
N
O)

Fz
Doo
lrJ

=
u)

-b7 -

z
2

I
E
Jt,
u
f



o)c.F

Eo
0.)

o
E
o
o

6-oCo
SP-o* c
6d3o
U)

o
o
-o(o
(o

o
E
G

U'

o
C:O.-o

=6co=
B9 E

9r" E
irrE ouoEoo;r
crE 5
o

C)

bs >s 5s >goaoo
e(OlJ)e

E
o)

o
(l)

c'6
o-o
E.

c.:
o llo
ooko-ts?'x tr 6-!!
:9<,*
E E:;
o,
E,

i=
5fl
t- qt

\o \o rO rOo\ o\ o\ o\oo ooF$ +F
bR.s bR >sroo rr) |.r)

\O \O \O60\6ooLo ;R;S bS bRlltrr)t.()o
N

nEbssootoorr.()(?-
DelRlsSoLc,olo
FFFF

ElslRo lD rll,
-(DGt

IJ'
o-

F
z
F
CA

rL(,
o

\o6
C)

a
ro

roo
L

}R
1r)

:s
rJ)

bs
ro

>s
ro

}R }RroO

bR asro rJ)
€\oSE

bR
rl)

aS aSro tJ)

J
E

rO rOo\ o\oro a
rJ)

bR bsoo \oo\
rJ,

6
.L

3
dt

o
5
o(r

(u
CL

F
q,
cDp
dl

o

z.

o\o asAbRooo
\O \O \oo\o\dro 1.' c)

6t
bs*ERlsool(loelr,G)-

E}R}ROoro
FC)(\l

o
3
E Fcf=r:o!bf,xr'3 to
5a

>E
E3
dE(J

E
(o
o
3

N.q
oo

o
f€c_
OpLr:troLLaL
F O= CL

H.o8<
o_

a

(Y,
@

-v,

E(o
q)

3

@
ol
N
N

bRo
c',

\O \Oo\ o\oo

;sEbsooo>RlSlSAocroo
FIJ)(\t-

o\ o\ o\o oo
sl tf,F

B
UJ

o
E
ut
Fz

;

=g
I

o):
5:E
P @=gmo
oL)
o-
fa

o
f
PC-
o-L

=ItroLLaLPo:O?cDoa6 (J-
o
fa

o)

o=
a,E
P c)=rco oqrO
o-
:,a

0)

5PCo-tr!trLLf

E3go
J

U)

o
f
o=c:l:Eo
P (D= n?(IJo.ior (J-
o-
5(n

o)

a

5:e
PA=
Sdroor (Jo
fa

.s
o
a
C,lc
a
o-g
q)

o

rJ)(o
ci
N

Fou3
{r

oqE
LOooOE

o)
Hc
o,o
(u()

oq).-o>L
E6

ie:o
dE(J

EE
=O

=E

E(o
(I)I

E
(q
(u

I
Eo
o)

E
(E
o)

Eo
o)I

E
Gl
Q)

g

o?
@

o,q
@

N
oq
rJ)o

rJ)
a?
@o

-b8-

G,

(,



OJ
!'6
E5(I)o
OLD!O-.- 0)x=yo, E.:s5 38E e
o)

(E

c
o
E
o)

co
E_9
c 5o
;Bi-.: of F
;zE t
oq

a bs bebRro tJ) oo

E
o
HP
otr
3E
(oX
Oq)o
E

Eo
o
-Oj
-o
rB(EX
-O o)
o)

CL

d=
5fll- u)

aRbebebSrI)otJ)lr)
-NN(V)

A bs;s Io rl)tr) lor N(\ e
bR ae bR ESlo o r, lrt bs;s }s;srro loo

F F('

bRElsleooooeNC{-
EE }SAoo lJ,o

u,
G

F
z
F
CA

=E
G
(,

Eo
OE

\oo\
rl,

bs ;Rroo (t
;s bRlo tr)

;R
l.C,

6o

;eo ;Rlerlo
N

:R ;S
lo lf, BsAlr) roa

E

\O \O
rJ) tJ)

\oo\
ro

so AIRro ro

o
o

bs;s}sls
r.() o oro
-6lNe

I Nleo oLo
F NN

bR ;Q ;Rlo lo r.c,
AIRArxroo AlslRlRo o oa

FNNF

;R ;R :R aSo to tJ)c)
*

(o
o.
o,(rt
3
co

o
5
o

cc

q,
o.

F
ogr

=o

q,

=irro
J

z
:)oo
g
3r,

fo

o)

:,fi l-5:E6
LLlLe o: A

H'3<.
o-
a(n

J-
U'

o)
o)
oc
o()

rJ)
(r?
(o
(\t

o
l
o =cf,:Eo
PG,=^
PCD o;q) (J-
o.
=a

5o
EE(n

E(o
q,

3

@n
(Y)
(9

Q):
o=cr:to
#o=6gooJ7
t
la

gE
.v,

=r

E
(E
o)I

o
oq

(Y)

o)

f
PC-
O:L5:tro
LLILr q): o
H'8 <
o.
(n

E,oJ(0
u;.3
z

E
c,
o,

:

ool
(r,

q,

l
Pc-
OaLfttro
LLaL
P(l)=O$'3 <
o"
:l(n

o
f
a=aYELsf

Hr8o
fa

o)

:,
o:cr=to
P (l)= 6?rIJor<-or (J-
fa

;s;S bs;sl.r)o oo

-gO=
OF(./) co-

o(')
(t,
I
U)

o
o
g(J
-oJ(o

=

E
(E
o,

3

E
(E
o,

3

E
(g
q)

3

o(r)
UJ
F
Fo
E
]J,l

z

;

=I(,
I

.Eo
a
CD

.Eoo
o
0)

o

c\tc!
sf
(t,

N.q
o
c')

(9q
o(\t

-b9-

z
9
F
o-
&.o
cn
IJJo





cco>'a
:oeo
t,)x

.E qJ

E E.E
P.ts.q
o)
tL

(D

o
-oo
o
o,
Eoa

o)
CD
tr
o

C
o

E

i=
5f,Fin

be as bs ;soo rolo bR ;s be ;Rolr)00
FFNr

;R AESAo tl,c)loe C-,1-
AIRAISoorroF C) N C.,l

a DR;RAollroo
-6lNr

5

o

IJJ
o-

F
z

bR >Str) 1r)
beo bs

ro
as
IO

a
rJ)

bRE }RAoo tolo aSbSlsnc, lr)too ;S >SaSSo ooloe Crle
E}RbR}Roo1rl0
F (v, c.,t 6l

as bs bsalr' t.(, OO
(\I NF

co

(u

:
oc

q)
CL

F
q,
ol3

@

3

=

0)

l
iJ 

=cf:EoLLIL
P o= 

^H',8<o
f,
tn

(n

P$

E
(E
o)

3

Nq?

o,(r)

o)

)
o =cl!tro
LL:]L

r6gt
o-
:l(n

i
U)
-c
(o

E
(I,
(u

6t
ost

OJ

tr
o=cr:Lo
P oJ 

^gcoo.J7
o) (J-
o_
J

<n

o)

vc-
OFL
f=E:O
LLaLP o= o
H'8 <
o
f,(n

o)

fPc_o-Lf:tro
LLaLP(Lr:(1
H'3 <
o,
:l

@

o

3rE
P(u:rctoor (J
o-
f

U)

q)

3
o:cr:Eo
PO=6?@ o.3q o-q,a

o
f
o=
5:E
P(l)=3o oo(J
o_
f,a

o
0/)

LU

F(r,
t.
utl-z

;

=I0
I

o
:

vt
!

o,

E(,
d)

E
(E
Q)

E
(u
Q)

U)

N

-lc!
o,
c')

.E
6

<t)
CD

oo
l9
o,

o

u?
N
st

sfo
ost

-b10-

z
2
Li
J
t)
ul



E

+i
L
ooo
f

(E

:o
(E
f
or
.c
C'
.oq,

(E
oc
o,
-o
.}
oq,
.!!
'6

(E
L
cD

oE
=o6:f
FPEg
-(l,€=
e6oqt
(t'-tr
9_

EE
0Cqro
d!teq,o
>P

AO

-()ru:
!(J9o

fl;ro)c
>o
or6E}
.E .sxog6

- d-c
c(F,6

U7

ea;
LP':o
dz

-Oq)B
6E
rO

;s
rr)

ot
IJJ
F
Fo
E
u,l-z

B
0

q)

:f
PC-
o-Lr!Eo
€ (u= C?co0.(6 ()-
o
(n

q,

=5:E
P a,J=ftrtoto
f,a

o
f,
o =ctr!tro

EEs"to)
tn

o)

f
o=cf=to
!LALPo:^?rDo.Zo (J-
o_
f(n

ost
ro

osf
ro

E
(E
(u

o)
o)
o
oo

o
-f.
N

Ep
=o
.gE

Eoq)

=

@
o?
N

N

(o

N
(\t
c{

E
(u
q)

I

z
foo
o
&,
o
ll.

=E
(J

0a

(r)

JEOtr od)E -:o
=.= i\
^6--6;Eg
neoE
c.SESO09.o-L-O-:

(o

P
El
c
E

{$co

-<=

5f
l- tA

aR as Nls
r.(, o loo
- Cr Ol(9

;s bRolr,
@N

;s ;Roo@(o
alsroo(o ro

>e >Ro lf,f\ lr,
>s Eeooo)@

beiRlRo lo Lc,$rl

UJ
o-

F
z
F
ctt

!
E
G
(,

\O \O
ro ro

!,o
IE

bR AIRooo
cD o)s)

bR ;eolr,
@F

Alsoo(o(0
*

Be8oottt tJ)

bRAoolo rJ)

\o
B
@

\o6o
@

aR AEeoc)lr)
(\F**

f
E

>R6 no bs bRot.c)

o
o

\oo\
lr) ao

c\l
}R
rJ)

E}Roo(!, \t**

zI
o-
CEo
ct)
lJlo

64
o(D
3
o

o
:,
o

cc

oo
F
{,
C"

=d!

s
5
cD
o

J

0)

f,6 Fc.
f:E:oLLIL
! O= 

^r-34
o_

a

G-

g,g

E
C,o
3

rr)q
o

qJ

:l
o=cr:to
€ (l)-= 

^gcoo.J7
t
f,

<n

N
@
N
I(n

q,
(D

oc
o

C)

Fol
N

o
f
O=L:r:tro
LLtL, (l)-= cr

H'8 <
o.:(n

P}es3dg()
o

E
(E
o)

3

a?
o,

-bl1-

\oo\o
c)



EE
C: Lt,)

€t $:
-- q 6t*ePo.= bf

A O LP
" - o(J
..LLNo-c o.l
PPOA
oz

ct)
.=

)
L

(E

-o
o,

(E

'(,
q)

C(o.t
O-+
PIE
B-'ob
<o
-

sEE!
aOe
-LlE i".o
O=cn
1..,1 (g Ei:E
f

cc

-<z

5fll- u,

\O \o \o
rJ)roo<tN@

;e bsrr,()
sf si

bs bR ;e >slo o oll
sf (Y)

\O \O \Ooo\6r,()osl (?
bR;RAlo oo
r.ct to rt

E >R}RbRo ooo
C) O)@F

a>RroO tl,
aa
ro

>s
rr)

as
C)N

UJ
o-

F
z

ut

.u

(9

}R bRoo
F(\l*

!
6'tr

AAleooo(v) (\t @

NbRol.ct(7' N
55(9 CV)

\o6c)
N

;so
c\l

bs
rr)

A bRbRooosr tN
;R ;eoo
@@

ao
to

}e BeaRolooto

:,
G

\oo\o
\oo\
lf,

Elsoto a
to E

ag

(,

66oa
Ne

:sbRoo
6t ot

bR >slr)1r, beEoo
NF

aso IobsAooN@

o

o=cl:to
LL.LP (U-= 

^?cno.7or (J-
o-
l

U'

c,

9o(,3
;8,

E
(E
o,

:

(o
(f)

z
9
F
o-
E
(J
c/)
TUo

l_
l6
lo-l.
lorttt
lo

o
5
o
E

[,o
F
(l,
E'I3
o

,l
=lorlotJl

o,:
Po=c:,:EO
PO)::a3(ooJ7o (J-
o-
:,tlt

!

Ee
vO
or

=

E(!
(D

3

(o
o?
o

0)

f,
tr =cl=troibfxr'3i.o
f,

U)

!

Ex
pO
3E

LrJ

E(!
q)

:

(oq
(\l

o)
f
ir =c5qtro
Lg:L

r6gto
a

!to iJ*+c=

E.asc)-

E
(U
o
:

(o
oq
1r)

o)

=Pc_o-Lr:Eo
LLaLPo=O?cDO.(6 (J-
o
:,a

ssr
E EE

E
lD
o)I

rJ)q
o
c{

o
:,
o:trr:to
v O)-= ^pcoo.i7
8.

</,

ts!
=.U5e

E
(E
o)

:

@ol
N

(l)

f,
PC_3:Eb
LLlg
P (l,: O-

H'8 <
a
fa

rJ)

(\
Ia

E
(E
q,

3

(\Iq
qt
(\t

U)Fz
UJ
E

o\t
UJ

ct)
E,
ul

z

;

=I
I

o)

:]
9etr
P qr=
PCI oto
f
U'

0l (,l
o(9

E
(E
o
3

.-c
(o

tn
C,)
c'a
o
(I,

0,

o

o
6,
F.

-b12-



"ic!'-o^(oP!
€.E E:o89c.- of .= o
O+-
oGo
Eo 6
E.

ol
L

troo
C
o

f
cr

C')c
o
o

c
o
vo)
E,

i=
5flj- t/,

NEoo
FN

as
rO

>s
rl)

bRo
(Y,

}Ro
Cv)

}R EREelo|.co
FN

>RbR;Rnroo roto
st

UJ
o-

=
(/,

+
.o

(9

bRo

t,
1'
E

a
lo

\oo\o ;4bsc) tr)
tR be Ee0 roro
\l

:
E

bs
ro

beo
(Y)

!So
N

(o

o

;eo
N

ao be aSloO
o,r

D€
ro

z
fo(J
z
Yz
t
lI.

q)

aX 9-5rt6i b: x
E',8A
o-
:la

JO

b96pcb
.-PL(rco-8c,

q,t
cG,
oOF(r

Oc
o)
N

(l)

=o =cl:Eo

Es€-oq) (J-
o.
:,a

o
:,

coF
o(J

(f,

o?
o
sf

z
fo(J
z
o
cnz
o

o
l
o:c:r:to
! ol 

^gooJ7
&
f,a

st(o

I
.J)

(u
(D

oc
oo

g?
(o
sl

q,

lPc-
OFLf=trotsbrb-
H.o6 <o
f,
ltl

tr
f
oo

E(!
o

o
lo

orf
UJ
F
Fo
E
UJ
Fz

=g
0)

f
o-
:!ELrfPO-

ff.8
a
a

o)

f
o=c
f,:Eo
P O= 

^?d]o.<'or C)-
o.
a(n

o
C''

=o

o,
(\l
I(n

c
o,
(g

o

(l,

:
o

G,

E,
o)F
o()

bg$!tr8

".i 8
.Eo
a
E'I

o.og
q)

o

@
a?
r\c'

lr,\
N
(f,

Q)

=

q)
CL

-bl3-

z
9
F
o-

CE

ou
UJ
o



E

";9
o o xt
'o ! ctE oo.,c tr-Ef, - trE
6 (l) l'-
(o -c X-
u =rit:
E.

-<=

5fl
l- tt,

o\ o\ o\tr)ooi+F

\O \O \O \Oo\ o\ o\ o\
Lo ooooo(o

;e bs;e:eo o oo
- 

(v, N(Y)

as bs Ds
1r, 0ro

lo(f,
;R bs >R bsrf) ooo

@@c!
}S }REo looF\ st(Y)

EA>Rbsoooo(9tNrO

UJ
o-

z

U'

'F
F
(E

0

\o
tr)

be
lo

\oo\
<)
(Y,

!l
(u

(E

-O \Oo\ o\oo
(f, 

-

\O \O \Oo\ o\ o\o(30oo(Y)
\O \Oo\ o\oo
NGI

!s bRoo
CY' (V'

;s aso l,o

bs beao
G' C'

;s Elsooo(o (frN

\O€60\oo
ifF

E}ReRtooo(9(\1 e

J
0c

\oo\o
\o \oo\ o\olr)
@tJ)

\oo\o ;REoo
C',1 N

>s
to

o
o

r,o
o\o(9

dR
rr)

\oo\o
N
*

;e
r,o

\oo\o
N

\oo\
!o

tr
l6
lo-l.
IOIEl'i
lo

(u

:
o

CE

q,
cl
F
o,
E'Ip

d

o

=o
oJ

z
o
C)

UJ
o-o
o.

\oo\o
sf

ao
(Y'

\o \oo\ o\too be bs bRo loo

o
\f
lJ,l
F

CI'
E
LlJ

z

;

=-o
I

q)

l

:Et
PO=
fcllooC)
o-
aa

(,)

Pc_o-Lr:tro
LLtLts O= O?froi
6 (J-
o
:,(n

(l)

IC
r=ts
P O=
EC[too.)()
o-
:,a

o)

o=:r=trLLf
PO-rr8
o"
3
a

o
f
o=c
f,=Lo
P O)= 6?ao4'or (J-
o_
fa

o
3
i'!e;=E6ibfx
H'8<
o.:
U'

(l)

f,
o=c
flto
P(U=dr-g<
o.
:f

<n

1r)

(Y,

I(n

EE
fO

8E
cro
l(goO(J(r

c
-l
ts tsr-lo-
TF

<nE-,

st
ol

-(n

o
sl eE<o 3d
a =t)o

o

N
rJ)
(v)

-(o

.go
a
g)
C
aos
O)

o

(\tq
@(o

o)
o,
oc
o()

E(!
o)I

E(g
(D

T

E(!
o)I

E(!
q,

E
o)

o
o)
L)

oo

@
o?
o,
rJ)

Nq
(o

o
cd
lr,

sf

t-
lo

(,
oq
st
LO

O)
I(t
lr)

- b14 --



6
o

-oOo(l)-
(/)El
dd'*

Ed
0.)E

be >e ;R bso o ol.c)Nr\lr,$

.E
!q)

oocxtro=
(oo
-ooo
E

E
o

ooP
CCo3
GF-oo(1)

CE

c.^
ol I
o;i:o
LO

=TEE6y. XE
- b f ao-o (I)!
E(h

i=
5fl
l- t/,

;a ;R ;s bstr,(]ol'o(O6le

\O \O \O \O
oooo(t@ @ st

;SbsbRNo () ooN O) Orro
A bsERlso ol(,o(Yl t\FtO

E bR bs:sooloo
NF\f,(O

;s ESIR>R-RPB A ERaR Aooa()N T\T\ $

UJ
o-

F
z
F
U'

Eo
o

Eo
.E

be bSoocf, 6r

roo

oo6l-
\O \o
ooN1r)

\o
o
N

\O \Oo\ o\rno

o\ o\oo
or@

\O \oo\ o\oo
FN

;R;elsoaoc)--

\oo\o
N

b9 ;R;S >So oroo(Y' 6t \t

bs >soc)

}Ro

}Rc);s
c)

:,
E

\O \O
oo
(Y) t

\oo\o(\t

(o

(,
IJ)

\oo\o
N

o\ o\oloNsf
E bsAlso ooo
- <f c/, st

:so
co

a)

:,
o=cr:Lo
# O)-= ^?ao.Z'I
:l
tn

t!,LO
l6
8E

o\
rJ)

E
G'
o,I

sto
t-
@

\o
av

bso
N

o,
ctt
3
o

o:
o

0c

(l)
o.

F
o
CDp
o

'g
=

o
f
PC
Orf:tr
P O:r6 0o()
o.
f

</)

fo
=(!53

E
.qoI

(0

qj
@

bSo

\o
o
N

bsbslREo o oo(\l (O C-,1 st

\O \O \Oo\ o\ o\oooNIr)<f

\o
rJ)

ort
IJJ
F
F
U'
E.
UI

z

;

=r0
I

CJ

:,
PC-
U-L:r:Eo
LLaLea-=t1['3 <
o
:J(/,

q)

Hc
rEE
P 0)-iEcooq)(J

J
tt)

o
lPCo-:,Ets
LL]

E3ao(Jo
f

U'

o)

a
o=c
f,:Lo
P (l)-= 

^?6o.?q o-q
5

U'

q)

f
PC
o,cf:troLLlLP O= AI"cno-:a6 O\
o_
:,a

o
3
o:Cr:to
LL
P(lJ-=^3d)o.7o (J-o
3
a

(t,
0c

-tn

@(\t
(r)

-(n

sf
N

I(n

(,

r- 'S

-;c)@ 3-
J

TL

PE
CG
f,o

8E

ipco50
OEo

.Eo
a
(r,

.E
o-
o-s
o
o

N

+
@

1r)

c'i
@

o,c!
N
@

roq
@

o
(1)

o
o()

a)
6)
oc
o

C)

o
q)
(J

o(J

o
o)
o
o()

(l)

o)
oc
o(J

E
6
q)

:

ro\
Nr\

@
oq
N
r'.

-b15-

-;R-;Q beooo
NNe



;
9';Ey(I,o
Eg
CFo6
3r
E(r
ifr

IIJ

n
ro

;s
to

o\
ro

;s
c)

:f
IC
f:t
! oi
3c)ooulo
fa

o
)
PC-
o-Lr=E:o
LLtLPo=a
?tbaa6 o-o
:f(n

o)
L
aTc
f,:E
P o)_=gal oeoq

=a

o
f,
o=cr:Eo
P (l)-= 

^f d! o.eqr (J-
o_
f,(n

al,

tr
o=c
:r: k o
PO:^3coo.<-o (J-o
f,

1t

!!LO
fc,
$r

=.If,LO:ro
3E

=(D
_?<.lo-'(E

o

lOo
I
<l)

o
f
o
Ezo

-ohf(EE
3E
-oo

fotrf
OL
o'jfcoc
-o(J

E
(9
o
3

Eo
o)

3

o
o
oc
o
O

€
G
o
C'I

3
6

orf
l,u
F

o
E
u,
Fz

;

=Io
E

z
foo

=zoo

iocoloOE(J

.=
o

(n

cnc
a
g
o
o

(u
o-

F
o
CD3

@

(U

E N
oq
rJ)o

o\oo
oq
r\
o)

o,\
(f)o

N
oq
co
O)

d=
5fll- ct

Nls;sr.r)oo0., c\t <l
"{:S ;soooN- G)

;R ;s:eo oo$ (\t ci,
}Rosf

;so as
lo asalr) lo }R

tJ)

UJ
o-

F
z
F
U'

o
o

IIo
(E

aRAoo
(Y' F

a
1r)

bR >soo
NF

)s ;Roo }Ro

f
0c

)s ;soo
NF

;e
O
ce,

o\o

o
o

;S bRooF<.
bRo(9

o\ o\oo
NC9

>e
rJ)

0)

f,E E.J:troibrx
roo8 {"
o_
fa

io
fOo(r(J

Eo
OJI

@
rq
(o
o,

o)

f
6 Fcr=trO
LLiLP o= o
H'8 <
o-
f

(n

- t.c,

=cna Y-
gET

q,
q)

o
E
o()

u?
@o

-b16-



OP
3EFom-
'ii: c- -'a
E E ia.-'99>-EGXg'a
u -6(9 i5
(E

i=
5fl- c/,

>e bsoo ;Ro6l

\O \oo\6oo
F$

bRlR}eorJ)o(Y) - st
bsasnooo
(Y) 

- 
(v)

EsbRlRAoooo
F6lFtf

AnlRr.r,loo

UJ
G

z
F
cD

o
0

;eo

a,(,
E

ao ;s
rr)

ao6l
bs
ro

bRo
N

bR bRoo
C-'l

)e ;Rlo rl,

:
E

ao(r)
}Ro

\oo\
ro aS ;Sol.C !R aRolr,

**

o
(,

;Rc) o\o
N

>s bsoo ;R aS;Rooo(r)-sl
*

}R aR }R ESOOloro(,
Be aR !Rrt ro ro

oal
o
tD
T'
o

q,

:
o
G

c,
CL

F
q,
crr

:c,

dt

g

=

z
f,oo
E
Elzv
:l
lt

C
o

0)

f
o=
=IhP (I)i
3sl oo(Jo
f,a

=(!gd

E
(E
oI

@q
(t,

o
:l3 ic:r:tro
LLALP o,= o
H-3<
o.
aa

E!,LG

.iE

E
(g
(l)i

o
Cri
c/)

Nls5eooa
--(Y)

o)

:f
Pc_
o-L5:tro
!LaLs o= CL?coora o-o
f,

an

q,
L
l
o=
f,:E
e Or=
Sdto
9()q
:,

<n

q)

f
o=c
f,:toLL-L
P (l,-= 6?coojiq) (J-
CL
f

an

(l)

5?i 9-5:Ea
ts b: 

=$'8{o
J(n

o,
o=c
fEEO
Pqr-=^foooiTo (J-o
fa

9str(J(o

{-s
U'

(o
(o
N
I(n

N
<l
Nr(n

.g
€

<t)
CDc
o
o,s
o,

o

v\(o
N

(r)

@
N

E(o
(1)

I

o
o)
o
oo

E(E
q)

3

o
o
o
o

C)

E(E
o,

(o
u?
l'.

cI
er\o

-b17 -

o,
Io

o
<f
LlJ

U)
E,
lrJ

z

;

=I(,
-



E

p€ e'='6 oa -f,o;b
E;9. Cn

s3Eo
CE

iz
5Sj- u,

.s .s bs >Rr.orr) o o
FFr\

.Rbs.SAooooFstN(O
;R ;S aS aSooooe(v)6lCD

aosf
}R
ro
(Y'

}Rosl

\O \O \O660\ololosl (\l$
ES
1r,

;eo
N

IU
o-

z

cD

+
(E

o

Eo
E

be ;R bRotrro (o
bR }Roo
rfe

;S beoo
$F

bs
rr)

atI'aso
c\r

5
G

bR bRro r.r)

\o
ro ;s

c)(\l

(B

o

so
l'-

\o
tr)

EbRbSlRolooo
F(o

)e :S >R bsool.c,o
F C.,l F oi,

A;RbRooost (I, sl
bs
1r)

o
f
o:c
l:Lo
P Or= 63tr)o;or (J-o
a

o(tI

o)
P
c)
oc
oo

F
a?
N
\l

P
o
G
(1,
c't
P
o

o:
o

(E

c,
o-

F
g,
cn
P
dt

,]
-l

=l-l,l

o
f,
l' 

=-5:t6tsbfxr'8<'
o.
:,

an

o,
@
T
Ltt

Eo
(1)

(O
sf.
|r)(,

o)

fPC-
OpL5:tro
LL-LP o= cL

H-8<o
f(n

o(r,
:

o
E'
':(9

(t?

$

}RE
rJ) tJ)

n
rO

otf
IU

U'
E,
I,U
Fz

;

=
L
I

;so
N

bR bs ;sorl,o(yr-si

:lPC..J.Lr:Eo
LLaLtso=O9coor
OUo
:,(n

o)

:,?c3:E
P oifooo(J
f,

al,

o
f
o=c
f=Eo
PO)-=^fdlo;oo-
o.
l
tn

c-
9b)
FO

,6
!E'LG

=o3E

q)

6'
oc
o()

E
(u
Q)

E
G,
o)

3

F,.,oiz
foo

=Q
J
o-

tsELo
fO

8E

.E
o

U)
o)c'o
o,
-9
o,

o

slq
sf
st

1\q
l\
sf

Nq
c{rt

(o
+
(f,

-b18-

z
2

I
c
J
t)
u

o
a
o =c:r!trO

gESE
l(n



.E
!
o)

o
x
OP-c
=o-i5 0
o,
E

o)
Joo
E,
c
o

3
E

coE
E8
a o.9
xEo
E HE
f;s5
E,

i=
5fl
l- (/t

>Q;s S>so o oo
- (o rost

AlRbsooo
(v) e (v)

EE bR ;Rooc)@(Ost
AbRAroolo
cDee

DRaSASrooocN(O(oC\
;R bR ;e :soooo
F(g(O(Y)

:R Be Es aRoooo
-@@(r1

E !R ;elRooooF to loc,

T'
6)

uJ
o-

a
U'

a
rJ)

alo

;s >s ;So olo
F FN

\oo\
lr) 8;eoo

\O \Oo- o\ot.c, as asoo
NF

ae :Ru, ro bs
rO

o\o lRaoo
**

.R >g bR bso o ooF tl <tc)***
\o \o \oo\ o\ o\ooo
N-O/)

.s ;S :Rooo@(ott
bS >S ;goc)o(9--

betsRNbsooooF (O (o c.,l

;REEIRooooF (g (O C.,l

}R E }R}RooC)oF tf <tc,**

c)

=E c-.
f,:trotsbrxr.gt
o.
:la

EH
>=
(JI

E
(o
o)

3

ro\
@
<f

o
fic
f:E
P O:3oo9c)q
f,

</,

Eq

o)
o)
o
oo

o
s.
(r,
rl,

(u

JPC
APr:tr
P o=['6o
:f,(tt

E
C,
6'I

o?
sl
lr)

=

as aR DR :soooo
F(O(O(v)

ot
ut

t-
ct)
E,
ut

z

;

=I(9
-

o
:,
PC_
o-Lr:EoLL-L
P O= O?coar6 ()-
o
:f,

@

(u
L)l!c
J;L
P(l):
EoooC)
o_
5a

o
l
tr=:!tr
LLf
F O-rr6o
f(n

o,
f
o=cr=Eo
LL-LP (lJ-= 

^3oo;
8.
5
U'

o,
f
o:C
f,:Eo
eo:aSrDoJ7q) (J-
o-
:f(n

r\o
-U'

€)
o)
(J
E
oo

Fo
-(n

q)

o
oc
o()

Eto30
Oo--

Q)
(u
()
c
o()

?x;
; &,r

Eo
o)

:

rqi
..=OX

E
l!
o)

3

o
ro
o
st

o
C,{

@!t

Eo
U'
CD

.Eoo
(o

o
o

ro
N.
(Y,
rl)

o,
oq
c.\1
ro

sf
a?
o
rO

-b19-

5
tr

6
(9

l*
l6
Io-
Itlo
lp
lL

lo
I

l-
zlE
)1tr-l
r-l

il"llrl dl
slil

lollpl

l]
l5l

lul

U'
fr-

=too



E
o
o
-o
c:ob
a_o
8Eo
E.

E
o
P

oo
9o
6_a

EE
o)
cr

C
o

2-c
L@6i

E 65
1l o!_xv
6orct6:
=oP
ro9
6L!

E.

q)

o
-o(o
(o
q)

E
(o

U)

a,c
f

*9
.:3u
Xq,*.L o
T u.s
3;*
3

i=
5fll- ra

E9lslQlQrororJ)O
N-Ct,

;e ba be bStorrroQ
N

;S :S ;R ;Raolo()
FF (Y)

bRlRlR}eooooFll.,\l(O
.R !R AAaooo(Y' rt t (I,

be ;R eR :Rol.c'rl,O
C-,1 e - 6v1

ER AR dRtoo lo<l sl

u,
o-

t-

=F(n

.ts
(E

(,

\oo\
rJ)

Eo
(E

>s aRro ro as
lo

f
0c

\O \O \Oo\66roorr 6\
1r)

ao bs bRoc)(rlF
;R ;Soo
alF

>stssaooo bRAoostt

.E

(,

aRIRAor!o
(?)

bS;eAcrroo
N

;R ie )S(f Lc, o
(Y)

bR bR bR >So o ooF slst(O
aR N bR*ooc)o(9tl) \f(Y'

E}S:RoooFFCO

$o\o
*

(o
A
c,
ct!t

ro

q)
cl
F

:
E

(u

f
o:,:E
PQ)!Scooq, (Jo
f,a

EEfo
8E

Eoq,

3

o,
e.l
r-
1r)

o
f1- 9-5:Ed
ts b: x
H',8<
o"
:,

U'

!E
Colo
EE

E(o
0)i

c!q
@
ro

0.,

f,
o=E
t=Eo
!E!LP or= ^?0Do.<-
&
=a/,

c(ofoOE(J

E
G
o)

:

rf
ol
@
ro

o)

:,
o =cf=boLLTL
Nq.t-=^
P ro o;t
3a

6l(o
@

<t)

II

E(o(,

3

o)
a?
c!(o

L
o

o
f
?c
f:L
P oigoo
E(J
la

lJ)
I
tn

o)

Eoc
o(J

0q
st(o

o,
L
:,PC3:E
P o=fooo()o
(t

!!,LGfo
8E

E(E
0)

:

@ul
c(,(o

Lt
€.9_
f=to

..6P
E6Oo

I8-Sr
=.oLv@O
ottr^tr-c'a x.iEEIB';
f

E,

orf
ul
F

3r,
tr
UJF
z

B
o
I

E
lE=
=qELL]
PO-

H.o8o
l(n

(g

aq
oo

z
:)oo
uJ

ozo

o
(n
g)
q
o
o-s
q,

o

oq
o
@

tr
o-

E
(E
o)

:

-b20-



z
IJ.J

ElRbsooo
N-C,

oIt
IJJ

cD
G
UJ
F

=
;

=o
E

o
5 -o=cf:troLLaL
P o: d

H',3 <o
fa

o)

:,

! 6)=fclo9(Jq
:,

an

o)

l€Co-l!trLgl# o-
H.o8
o-
5(n

qJ

f,
o=cf:tso
LL-L
P (l)= 6?@o.7
o (Ja
o.
f
U'

o

f
o=c
f,:to
POr-=^3dro.7o) (J-o
a
tn

Eo
a
o)c
a
o-g
(u

o

(v,

I
@

qTt

E#
(v)

I
clt

icEO
fo
OE()

(l,
q)
(J
c
oo

E(g
o)

:
E(!
q)

:
E
(E
o)I

E(,
o

st
o?
o,t\

o)c!
l'.
F\

@
rq
$r\

q
N
@

(o
-
N

c,

d

tr'6
E
(l)

tr
J

:,
CE

q=

.=o
GL

trE cE u-
oO)LoE3
-:rtrc-f
O iar
.s; Eo
U)

(Eo
o)
E
d
E
(,
L
(9

0)

o!!9t I.8
=- o)

ob9
t cEt.=b-ts
-(l)=5E;
Ero
o.(n

d=
5fl- c/,

o\ o\ o\ooo
FFsf

:sslsool.r
(v)Ne

nElsrooor, (t sl
}R ;Q:RollroI -A

bSlR A>Rrolo l,)o
F FN

\O\OSo\ o\ o\oooro ce (Y,

:s>RlRa1r,0too
F (\l

;sto

bRo

o\ o\lr) lo

be
tct

;s >Roo(!e

S\oo\ o\oo aaOto

J
E,

ElsO r.o
N-

E}RooN6l
\O \Oo\ o\oo bS ;Rao(o 6r

(o

o

>e bs ;sIotoo (t
be bs >Ror.()lo ;S as bRooo

NNSf
bSIRAooo
C.,l F @

bslRAlol.C,o
N

ao
N

\oo\
lJ)

o
f
6 Fcf=tro
Fbf=
H'8<
o.
5a

o)
@
I
tn

E(g
o
:

rJ)

C"i
F

o)

:,
o:r:E
P (l)i
Saoo
&(J
f

<n

ET
tE

E(o
o)

:

$
u?
(?
@

z
foo
_l!
G

=Ea-

-b21 -

L
It
lg

,L:-
>llrt
2lE
-t

Il-
lo
la_l.l6
lp
lL

lo
I

I

t,
t:

Zlo
2l'
-lLI
-trIil .'Dl d
rrl.>



E
6-o.=
CO(o

-E'-o:tr>exo
c Y!.-$ oo

t/,

E8o-
oo
xtoo
?E
E3o
E

O)

o
Il
C'

(,
(D

E
G(t

o
ol
';
o

-C

8E
q,
E

d=
5fll- ct,

BS bR DRlolr)0
N

;s;Rn
1.(,1(,0
N

AbRIRolooN -:t
AlRAlellroolo

r.o 6l rt
bRls31t.c)oc AAlslRrooolol.r)c)-

>R}RAu,oc)

UJ
o-

z

o

rL
(E

(,

a
rJ)

8;er.o lo a
llll

t
0,
E

AIRrr) rJ)
bR aRro lo ;RIRA

lr) ro Lc,
}R
l.c,

aR beoo

G
6o(\t

ao
c\l

aaorJ, bs ;soo
6le

€\O
oc)t$r

lE

(,

aoa
to ae

c)
}R ;R >Rooo bs aR aRooo(r) e sf

alstssooo
FFN

;s >R ;Rooo \oo\o

t
6
o-
6)
C'I
!

co

o)

f
o

0c

a,e
q,o3
o

s
=oioJ

q,

:l
o=E:,: E O
PO)-=^goof,
0,(J-o
:,a

r.tEzEe

E(E
Q)

=

st
ol
@
@

o
=5 c-=
l:tro
ts b: x['3<
o.
fa

c
EEo)O
EE

E(\,
(,I

o
o;
@

o)

:f
o=c
f,:EOLL-L
P (D-= 

^?dl0,7q, (J-
o.
f

at)

o)sl
N
-(n

o,
0,
(,
c
o(.)

Na
o,

q)

)
o =cf,=Eo
P(U-=6ga oZt
aa

TE

Ep

E
(E
(l,

:

6l
a?
(o
o,

(l)

OaLftE:o
LLaLP o: O?cao.1d (J-
o
a(n

HrEe-d

E
C,
6'

:

Nc!
N()
N

o
f
o=cr:Lo
P O): 

^gooi
6) (J-o:,

<n

Eefo
8c

E(g
o
3

o
u?
(9a6l

F-z
fo(J
uJ
o
Ezo
=

o,

a
PC
O-
ir5
E3go)a

ocf
UI

Fo
E
l,lJ
Fz

=EI
I

I
an

E('(,
3

.=o
U)
cn
C'a
o.
c'

o
o

Nc!(,
o,

-b22-

z
o
F
o-
Eoo
rU
o



q)
(,,
co

o

o
c'd
o

E
F6)
C.qooPo_Hx.6:
cc

'- Q)g-o
G+.o0
o)

CE

-<,FO
=6EBoxOo,

3T
6+.clo
(t,
E,

o
o

.ct
(!

(u

o,
Eo

an

d=
5fll- trl

bea
\O \O
Oto aS ;S bs >soooo

N(g(OF
nbRBloll,ut
(V,

EbRlIro(r) 6t
;Ralo ll, ER aR !Sooo

C.,l N -

nnlR.s
u:, ul, c) c]sf(Y)-

UJ
o-

F
z
Fo

Eo
o

}R
Il'

It
6'
E

beo be Eslo lo a
rn

ESo
N*

rs*Oro }R }Roo }RErl,O
F(rl

ae 3eoo
$ (v)
*

5
E

aR ;eoo \oo\o bR
ll) .s bSlr) ro ARo

.E

(,

aRo }R }R }R aRoooo
N<O(Op

;s >R
Oll, ER ARoo

NN
ES }RIr)ro tse

lo ao
't

zo
o-
E
(J
CI'
ul
o

(s
6.
q,
C''
3
co

o
:,
o
G

a,a

s
Eo

.l
=l
=l-lolJl

q,

f
o=cr=Eo
P(D=a3oo.;7t
J

U'

ioc(o
=Oo(Eo

E
(o
o)

3

o\
(f)

N

o)

f,E Fcl=tro! b: x
H'E <o
a

an

oO)
E=Ir)
6

E(!
o)

3

!+\
ro
N

z
fo()
Ioz
Glt
F
an

o
2ar =c?trtroEEJE

H6gto
f,
tn

!t,L(E
fo
6E

E
(E
o
3

@
a?
o
N

E:,
o =cr:Eo
F or=6

E'g<
l(n

go
Eq:
=u)

E
.E(l,

3

rO
0q
o
6t6l

o)

Pc-O;L5:troLLaL
P (l)= (1
9lOAz6 ()-
o,
:,(n

EE50
6E

E
(E
q)I

(\I\sl
N
N

o,
f,
o=c
l:Eo
ts or= 6go oi
&
f,

t/,

isc.E,oOE
C)

E(E
o)

o
(o
6t
N

E
J3 Ecf,:tro
LLlgP qr= o-['8 <
o
ato

ircC(E
JO
OEo

E
(E
q,I

@
o,
o
(Y'
N

UJ

=

otf
UJ
F
Fo
E.
ut
F

=
;

=I0
I

.=o
an
o)
C
aos
(!,

o

-b23-



EI) Pcc't3
Oe
€6
o=

-8fq,
E,

c
o
Lo

o.
o)Ncx
6No
U)

tr
o)

_o

q)

EE
38(uX,o(l)
(I)

(E

}R}RE;RtJ)ooo(o N lll
;e>s;sbR
1r) 0 r.r) ro

N
ao
00

asrt
\o6ot

bS;RAIRrooo(for@sl
aaasll)roloe

Ci,FN
aaoo
(Y' F

}Ro alo}R !Rllrr)

E
6'

J

6

UJ
o-

F
z

;s
rJ)

o\
ro ;s

ro
>slo

>so

>e
l^o

\oo\
C)

bRA
to lo bs

ro
bRo

bso

;s >Rlo ro ao }Rlo

beo(,
o\
ro

as
rJ)

}Ro
N

;eo Io

bRIRSoootc\tst
\oo\
lo

assrI)o
\O \Oo\ o\oo
N(f'

>slRAooo@@+*

;R ;S;sooo
NFN

bR
rJ)

t:
l6
ld-l.
I clr
lTrl'i
lco

o),
o

cc

(l,
CL

(u
CDp
6

c)

=ctr
oJ

zl
ol
-tr-l
o-l
al
ol

F--

o)

fPC_
O:Lt:tro
LLaLts (U: r1s'3 <
o_
fa

PE
C(E,o
6E

E(E
q)

I

o
rq
o,ll)(\t

E

J

o

Elsoc)
NF

otf
tu

q)
E,
I.IJ

z

;

=I(9
I

0)

fyc

P q)i
ed)oo)C)
o_
tra

o
f
Pc:-
O:Lr:tro
P O= CI9cDor
OUo
:f(n

(l)

:,lc3=E
F 0)ircDo
t(J
:J

U)

0)

a
o 7cf!tro

EE8E
o_
fa

q)

:f
o=c
ftsEo
LL!L
P q)= a3oo.:7or O-
CL
f,

U'

o
f,
PC

5:E6
ibfx
H.o3to
a

@

o
l
o=c
f,=Lo
P(lJ-=^S(Iro;a) (J-o
f

<n

@
st(?

(n

II

F
lJ)(,
(n

lJ-

9o
bci(q1r_.7

=a

ioc(g
lOOE(J

ioco>oo(Eo

PE
corOOE(J

(o
Nr
ll,

.E
@

a
o
g
o
o-g
qJ

o

o,
e?
N
ll,
N

oq
o
lJ)
N

E(E
o)

:
Eo
Q)

3

E
(E
(ui

1l)q
N
sf
C-,1

Ftn
E.L

E(u
oI

E(o
g,

o,
o)
(,,
c
o()

oq
tf
st
N

@q
@
(v,
N

oq
(o
(I,
GI

Nc!
C'
(t)
N

-- b24 -

G
(,



o)o
q)
t,Eco
38ox
-O o)
(!,
E

q)

o
-o(g
(o

o)
Eo

U'

E
.o
o)

.cI
co

l
E

i=
5flt- u,

A;e)Roloo<f (Y, st
;s bs bsooo
(Y) e sf

AleAlooo
6leN

A>sbs;(oolocF(YrN(\
aR ;s asoroo(r)

Alsoo
N

bR bRo rxt
N

I

t_
t.:
lu
l.E

lo

ul

nlo

be
rl, Abeoc)

61 (\l
bR
u)

bs
C)
(v)

E
bs aRo tc,

bss
rr) to }R >Roo

N-
ao bRo

$l

(E

(,

;e ;e ;Rooo(f)(9sf
bSosl

s
lr)

ao
6t

;S ;Sr.o o
N

>saslooo
FFN

}Ro bRo
N

ool
3
trl

o
I
o
ar

q)
C'I

=60

q,

=gr
o)

o)

5 F.f=troi b: x
H'3<'o
l

U'

iug.E
foOEo

o
o)
()
C
o()

q
(o
N

o
l
o=c
5:Eo
LL+LF o,i ^3 o o.J7q) (J-
o-
(t,

)r
EP

E
(E
o,

3

r\
a?
(I,
6t

(l)

J
PC-
o-L:r:troLL-L
! o= d

r.o8 <
o.
:la

E')
.g
Eo

E(I,
q)

3

al
t
(\l

z
UJ

;Ro

otf
ul
F
F(r,
G,
ut
Fz

;

=(,
o
f,
PC_
o-L::E:o
LLaLPo=o
H',3 <
o
f,(/,

o)

f
o:r:E
e (l)=edt oqo
g
:,a

o)

l
o=cr=E6
P (D= 

^?d)o.7c cr-q
tr(n

Co

o,
f,
o=PEEFo, I3dt oqr (J
o_
l

att

lt
rr,
o,
(n

TL

Eo
o)

g
EPA'N
G'r
P6
ll,

E
(E
o,

Fz
foo
z
UJoz
LlJ

F
E()

O)
@
o)

(/)

lJ-

o
o)
o
L
oo

O orr

=J.{,9o-o ia

Eo
o,

3
c
d
a
o)c
o-g
o
o

N
-N(o
N

@q
rJ)(o
N

F
e!
N
@
c.,l

o)
0q
o,
tr)
GI

-b25-

>lttt
-lo,lE
-t



o
q)p
-e)
oj
@C)

35o)o
E.

Oo
>(DoL}Po6(,)o
.So
Eo
o.

ctt

<=
5S
). CD

bslRAooIo
-(g(?

>so(t
a
to
N

;eo
lr)

bR ;R ;eoooIr)NN
>R ;R bRoooo@N

bSbSdLcloco)@(

UJ
o-

F
z
F
ctt

Eo
o

as
ll,

!t
6,
E

;R
lr) bRo

3
E,

}R
lr)

ao
\O \Oo\ o\oLo }R

rO
)so bs

r.o

IE

o

aaao(o (v,
*

nlslRoooIt c\t (V)

bR }R }Rooo
=fNN

bR ;S beooo
N@N

Abe"*oooo)@(o*

t-
lo
la-l.
ItD
!

o

I

o

o
E

o)
o.

dt

g

=ED
oJ

o
f,
l' 

=-5:k6!bfx
H'8<
o.
f,(n

ITJq>
;=lo c,s

o)
q,

o
C
o(J

(oq
Nr\
N

(D

:l
o=cr=Lo
v o)= 6?$o.7q ()-q
5a

lr)
1()

o)
(l)

o
C
o

c)

o,

F{
N
N

o)

PC_
OpLf:tro
P 0): o?cooi6 ()-
o
l(t

o
L

=
5:E
P.D!g@o
0)(J
o.
f,(n

C)tt
ut
F
Fo
E
u,
Fz

;
3
gr

o
alc

rO=
300 0a)(J
o-
la

o
3
PC-
o-L:r:Eo
LLtLP (u= fa?coar6 o-
o-
:f

<n

0)
L
:,
3zE
P O,i
fooo(J
o-
:l

U)

o
aPCo-f!trLsf
Pd-

H.o8o
a

.tr
f 6!
-PE

.?5€.
E

Ico)a'- 2
*E
'=

.5
o

<n
6)
c
a
o-o
q,

o

6l
a?
o,r\
N

(v)
cl
@
N
N

stc!
tr)
N
N

c!eo
=oiE

o)
o)
C)c
o()

Q)

o)
oc
o

C)

E(B
o

=

-b26-

u
Fz
UJ

=
=c
U



Cp
Oc
-o
ooo--xtoc)
af.

E8
o,

CE

o

.9
(g

fl q,
aO6;
i5

'as
-ot-Yet

FL

Ed
E

bR !Sro lo(osr

P

E

J
E.

g
o

(E

(,
(l,
L9E
bEoa
u 99
J .-'-

L6-

.8 BE
o)

(E

i=
5fl)- u,

;s bR bs aRoooo
F-l (\lN

bsalRroQlo ;RbSSESooollF\tst
anolo(o$

bs bR >Roloo
N LC' (v'

;RnlslRll)rooo(I, c) 6l c-,t

IJJ
o-

=
ctt

E
E
(9

!q,
a

:,(r
\o
o

\oo\
lo be

lr)
\oo\
lo

ao
$

a>soo
lllF

aeAoo
6le
*l

}R ER :Rooo
e)(!F**

(E

tJ

}Ro
N

bso
N

}Ro
sf

AAIROorr) ;R ae >S ;SooolJ)
-.fsl

)R >soc)sf st
A E}Rooo
ro r.cl d)**

n88>eooooFGl(\lOl
I'l

I

(E
o-
o
C'I

=o

q,

:,
o
E

6'e
F

o

3

=E'IoJ

z
foo
z
UJoz
Lrl
F
E
G,(J

o
f5 l.r:EoiErxH'3t
o-
aa

€E
=o()(r

EooI

N
o?
(v)

o)

fPC-
OrLt:troLLAL
P O= (1r'8 <
o-
fa

ER
U'-
JU,

o)
o
oco(J

@\t
(t,
ol

+,
o
o-
o.
f

(l,

E'
(o
:,
C,,

!o(E
o
,c
P(g
oc
(D

.cl

o
o)

.-L.lc

.g
(E

(E

o)

oE
LP>oof
FE
-q,E9
Eoqot
(E.C

EE
qC
8.9
6Lo-o
Lo(l)o,
>POE
-ors
=(,*e
u)Po)c
>oE3E}
.E .=x(Egu

o CL-C
.c<Fo
a
9iJ'^o
dzo_
i(geb
OE*(9

;S :Roost\f

t.(,
to
u,
F
Fo
G,
UI
F

=
;

=-
<9

o
:,ic
r:E
Pu=3oooL)
o-
fa

o
f
b =cr:tro
LLaLPo=O?froz6 (J-
o
(n

(l)

)?c
r!E
u o)!
edtoo(J
o_
fa

o
a
PCo-
it=
E3ao(J
o-
la

o
:f
o=c
:l=Eo
LLTLP o: ^L rn o.3o (J-
o-
:la

N
<t
-(t,

(l,
6)
oc
o(J

a)

Eo.: i; oqx8
o

o-
-Eqi br.-,

=Ec
EEE

(o-

oul
N

N

c)q
@

o,\(,

o
:

q)
q)

o
o(J

E
(U
o,

:
E
(o
o)

3

E
(E
q,I

N.q
sf

-b27 -

zI
F
o-
CE()
ut
UJ
o



.5
E
o)

oo--x:(l)E
6=
crooo
(D

E

cctro
Jo
O(u(Ja
c'-
-2
36
OJ

CE

Eo
oox
o)

(g
-o
o)
E

ED

r:)
E
o)

U)

i=
5ft- ct

bR }RooG, st
;S beoo
(Y) F

;R >Soo
At 6r

aRnleool.c,
(Y) (Y'

\oo\
ro

>so ;s bRtr) 1l)('' 6t
E}Rrl)lr)<f+

E
lE

o

>P6t
o\
rr)

$
B

E
6)

(E

:,
G

ao
$

aeo(\t
}R }Roo

\O \oo\ o\oo
c\rN

aeaoo bSo
+

a
o

}Ro
c)*

n8oo absC)o }REAoolr)

co

}REoc)$<t

o)

fPCo;:J:tr
P a=3co o
o(Jo
l

UI

st

I(n

E(o
(u

3

(o
o?

$

Nbeoo
C(IN

:f,
!iC

p (Dig6o
oL)
o_

<n

@
@
N
(a

tJ-

E(o
0)

3

\
o,
(Y,

o
f
.t = F5iE6ibfx
H'8{.
o.

U'

ir:coloo(E
O

E(o
o)

:

lo
l\
d
c\t

bs
lr'

to
to
uJ
F
Ft,
G
u,
Fz

3
g
I

>Ro

o
l
PC-
o-Lr:tro
LLaLPo=O
?fiara ()-
o
:,
tn

c)
aflc
3:E
F q)i
E6oq)(J

:,
U)

o

o)

f,
o::!E
!L-# o=fcoQo(Jo
a

o,
f,
o=c
l=Eo
LL-L
PO:^P(ooiior(J-o
la

.E
a

u')
(n

.Eoos
o
o

@

I(n

Eoq)

lOq
(,
cc

@

Ia

E(g
o)6

N
1()
ri
cr)

(,,
@
N
U)

lJ-

E(!
(u

:

(9q
o
cD

z3oo
E
o-
U'I
U'
2
=

II(n
dU

J
U'

E(r,
o:
GIr
o
cc
(9

N
0q
cr)N

(l,

:
o

TE

s

=

- b28"-

,
i



.cEo.E* E_=(o
Ed E Et c* r><.F6(l,o, 

=* BhEF9-o(,Ftr(l)
CE

d,=
5fl
l- Ut

>e >R astoC)lr)\t CO

bsErr,o(Ile
bsrl) 8De

rJ) tJ)N
;sAAotr,o
F0OF

\o \oo\ o\ro tJ)
AIRrJ,o(Ile

be
ro

}Ro
N

}R
u,

\o
lr,

!,q,
E

NEolo
C\t

\oo\o E}Rol'o
c\l

:
E,

ls bQc) (,(', hta*

;so
c{

\o
lo AEoo

(\IF
AER
rr) r.C

.E

o

bQ tsRoa
NN
trx

\O \Oo\6oo
6lF*

a0 >s
r.C,

bs ;Roo
F(\

;s ;Su, 1()

o
l
o=c
f,:Lo
#O:^goo.Ji
t
fa

o,
(f,
N
I(/,

E(o
o)

sfn
rJ)(o

a
l.C,

m

oe
F

g
=

o)

55 l.f=trots;fx$'8to,a

@
ro

J-(n

E€
(I,

3

@
0q
N
rJ)

o,
f
PC9-c
P o=eo o
oC)o
=U)

o
G,

o

(o
(o

=

as
ro

ljlltl
utl-
Fo
E
ulF

=
;

=-I
-

o
f
Pc-
o-Lr:tro
LLtLPo=o?caoa6 ()-
o
f,

a/,

o)

:,
o:

Po)=galto
!P()q
a(n

OJ

o:
liE
Po=

Hr8
o.
a

U'

o
f
o=-
f=Eo
LL-Lts o: ^?@ozor (J-o
la

o,
:,Hc
=:EP(i.)=
P.Dog.o
f

lD

N

(Y'

I(o

ip
-o
=o-o f.(J

@
<t

I(n

ioCo
5O
OEo

o,

I
at

F
CL

Eo
q)

=

r\
ot
(o

(o

ri
rf,)

@

c;lo

E
(E
o)

:
E(E
o)

:
Eo
o,I

E(u
(DI

.5o
tn
q)
c
a
o-s
O)

o

t.()\
o,
lf)

\t
a
F\
lr)

-b29 *

L

,Li



i=
5fll- u,

ESEbsoorrIN
)Q asoo(9F

ul
o-

F
z
Fo

.E

o

!,(,
E

E
n
lr)

AbRotI,
c-,t

(U

o

.Rnoo
str (\l

!sEOrf)

6
o-
6tol3
o

o:
o

0c

o
o.
F
o,
C'I3
o

t:

=cn
oJ

o)

a
6 c-.
f:r:o
!bf:
H',8<
o.
:,a

.E

BfiFo

--oU'h

E(tr
o)

:

F

q)

o=c
:l=Eo
P (l)= 6?dlo.;o (J-
o-
f
llt

(l)

)
tr =cf,!tro

EEs"t
z

an

o
a
o=cr:LoLLrL
PO:^g o o.iia) (J-
o_
fa

0)

f

B:Eb
P o= o.

E'3 <
o
(n

(u

a
PC-
OrL5:tro
Fq)=o
?cDO.16 (J-
o
:f(/,

o)

a
flc3zE
P 0)iecooto
5a

o,
f
u=cl:Eo tL
PO:^gro oJ7qr()-
o.
:,

U'

tc,
ro

ul
F
F(A
tr,
ut
Fz

;

=(,

@

E(E
o,

:
so

<n
o)
C
ao
C,

o
o

(?
o?

(o

-b30-

2I
F
o-
E
o
CA
]U
C]



APPENDIX C

This appendix contains the method for removing iron stains as taken from

the October 1968 report by C.F. Derrington, R.L. Stowe, and W.G. Miller, "ln-

vestigation of Methods for Removing Stains from Mortar and Concrete". This

report is listed as Miscellaneous Paper C-68-8, Corps of Engineers, U.S. Army

Engineer Waterways Experiment Station, Vicksburg, Mississippi.

IRON STAINS

The most common stain found on concrete is iron stain, which is usually
caused by excessive amounts of iron salts deposited from the curing water or by
weathering of unprotected structural steel. Usually this type of stain is confined
to the surface if the concrete is not permitted to dry appreciably before applica-
tion of the curing water. Surface condition, length of exposure to heat and light,
the concentration of iron salts in the curing water, and the rate of flow of the
curing water are factors that determine the severity of the stain that is produced.

Rust from structural steel produces localized areas of stain. These stains may be-

come severe because the concrete is usually dry, and penetration of the surface
will occur. The treatment necessary to remove iron stains is, of course, dependent
upon the severity and penetration of the stain. The following chemical methods
of iron stain removal are recommended.

Surface stains. The surface is mopped with a solution consisting of one pound of
oxalic acid in one gallon of water. After two or three hours, the treated surface is

scrubbed well with stiff brushes and clear water. The surface is then flushed with
clear water until all traces of the acid have been removed. The stained surface
should be saturated with water before application of the acid solution so that
the acid will not migrate too deeply into the concrete pores.

Deeper stains.

Treatment with sodium citrate, water, glycerin, and calcium carbonate.
One part of sodium citrate is dissolved in six parts of water that has

been mixed with seven parts of glycerin; sufficient CaCO3 is then added

and mixed well to form a paste.iust stiff enough to adhere adequately
to the surface. The paste is applied to the stained surface with a trowel

-cl -
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or puttv knife to a thickness of about % inch and allowed to remain for
at least two days. At the end of this period, the poultice is scraped off,
and the concrete surface is rinsed thoroughly with clear water. This
treatment produces no injurious effects and can be repeated for stub-
born stains.

b. Mixture of ammonium citrate, water, glycerin, and calcium carbonate.
Treatment of stains and the method of mixing the chemicals are iden-
tical with those described in subparagraph a above. However, the mix-
ture should be removed from the stained area sooner (perhaps after one
day), since the ammonium citrate produces results more quickly but
may cause the concrete surface to become slightly etched.

c. Sodium hydrosulfite, sodium citrate, water, and CaCO3. First the sur-
face should be soaked with a solution of one part sodium citrate and
six parts water. Soaking can be done by dipping white cloth or cotton
batting into this solution and placing the cloth over the stain for 10 to
15 minutes. On horizontal surfaces, after the cloth has been removed,
crystals of sodium hydrosulfite are sprinkled over the stained area,
rnoistened with water, and covered with a stiff paste made of caco3
and water. on vertical surfaces, the caco3 paste is applied with a

trowel after the sodium citrate treatment; then a layer of the sodium
hydrosulfite is sprinkled onto the paste and moistened slightly. The
poultice is removed after one hour, and the surface is rinsed with clear
water. lf the mixture is left longer than one hour, a black stain may
develop. lf the iron stain persists, treatment should be repeated, using
fresh nraterial.
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