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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 graffiti.

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.



GAINS; FINDINGS, AND CONCLUSIONS

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 significant structural damage to the bridge piers.

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



IMPLEMENTATION 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 joints 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. Information from the pilot study

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

— iV —



ACKNOWLEDGMENTS

This study was conducted under the sponsorship of the Arkansas Department
of Highways and the U.S. Department of Transportation, Federal Highway Adminis-
tration. The authors extend their thanks to Mr. Veral Pinkerton, Mr. Bert Rownd,
and Mr. John Hall of the Arkansas Highway Department for their invaluable assis-
tance on design and maintenance procedures of bridge structures.

Special thanks are due to Susan Gray for the cover design, typesetting, and
drafting, and to the Highway Departments and corporations listed below who con-
tributed by answering questionnaires and letters:

Alaska Department of Highways, Doyle W. Ross

California Department of Public Works, Division of Highways,
Guy D. Mancarti

Colorado State Department of Highways, M. A. Kahm
Connecticut Department of Transportation, Edmund R. Koenig
Delaware Department of Highways and Transportation, R. C. McDowell
Florida Department of Transportation, 7. Alberdi, Jr.

Georgia Department of Transportation, Tom Stapler

Goodyear Rubber, D. J. Shepherd

Hawaii Department of Transportation, 7. Aratani

Idaho Department of Highways, L. F. Erickson

Illinois Department of Transportation, Carl E. Thunman, Jr.

I. Schneid, Inc., George L. Rosenberg

Kansas State Highway Commission, J. M. Hemphill

Louisiana Department of Highways, Verdi Adam

Maine Department of Transportation, Frederick M. Boyce
Maryland Department of Transportation, Nathan L. Smith, Jr.
Massachusetts Department of Public Works, Paul W. McHugh
Michigan Department of State Highways, Max N. Clyde
Mississippi State Highway Department, H. V. Mahan

Missouri State Highway Commission, W. L. Trimm



Montana Department of Highways, Paul R. DeVine
Nebraska Department of Roads, D. E. Koop
Nevada Department of Highways, Hugh E. Brinson

New Hampshire Department of Public Works and Highways,
Philip E. Mcintyre

New Jersey Department of Transportation, Bruce Cosaboom
New Mexico State Highway Department, J. A. Seibert

New York State Department of Transp'ortation, R. N. Kamp
North Dakota Highway Department, Allen J. Anderson

Ohio Department of Transportation, Martin P. Burke, Jr.
Oregon State Highway Division, Walter J. Hart

Pennsylvania Department of Transportation, Richard K. Shaffer
South Carolina State Highway Department, Oren S. Fletcher
South Dakota Department of Highways, James F. Wilsey.
Tennessee Department of Transportation, Henry W. Derthick
Texas Highway Department, A. W. Eatman

U.S. Steel, J. A. Gilligan

Utah State Department of Highways,WW. J. Stephenson
Vermont Department of Highways, Russell H. Watson
Virginia Highway Research Council, W. T. McKeel, Jr.
Washington State Department of Highways, C. S. Gloyd
West Virginia Department of Highways, George E. White, Jr.
Wisconsin Department of Transportation, G. H. Zeuhlke
Wyoming State Highway Commission, James C. Wise

e



TABLE OF CONTENTS

Page
oo e R R RO Rt M NI N R S T e i
Guins, Pindings. and Conclusiont, . . .\, ... 0 . cemehidy “fwut L m iii
IRl ation BLatermENt. . ¢ o i v e m e e e e iv
MBICINRIRIOIIENES: . ... i G e o e e e e el S e v
HIROGERTION. . | | v r vl s b sies 45 e B el R S S e 1
ORI SOV, . ool Ll o B mam st o e LS o o 1
RIEEOF SUIVIBY i < 3 s dovnh s 0 s e v i e B 2
COMIPOSItION ar OB .. . . . i e s e e 3
# g R S I R S 5
T L SRR s G S B SR i R S e 6
Effocts of the Stains on SEUCHUTES., . ... .. .. cuveinn s osiii e 6
B AT DU o SN T SE RS TR LU S I 6
PRWORRIDN OFBIINE o s s i e s s e b s s e g 8
ot R SRR L 1 R ST T UL LALAE 12
BIRCOMMEBHREIONE .| oo oo T s s miiiis s w4 o B B L el 13
Appendix
Appendix A
Composition of Red and Gray Stains . . ..................... al
Appendix B
Survey af- Stains in ArKanEES. « .. . « v s v v s e s oo i sl b1
Appendix C
Method for Removing Rust. . . . .............cco'uuuuuen... cl

— Vii —



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 Interstate Highways 30, 40 and 55 where
most grade separations exist. The objectives sought include the following:

To determine the composition of the stain.
To determine the origin of the stain.
To determine the effects of the stain on the structure.

To make recommendations as to methods of remedying
and preventing the staining.

i o e

ARKANSAS STUDY

In 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 five 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 joints. Designing more effective drainage systems, sealing all joints,and elimina-

tion of joints by use of continuous span bridges were all suggested.



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 treating with a 50%—
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 metal 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.



Rust Graffiti

Gray Red

Figure 1. Types of Stain
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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
joints, 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 bridges wets the concrete surfaces. In 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 1%% by weight) and occurs naturally in as-
phalts (usually less than 1% by weight). Inspection 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.



Extent of the Stain

In order to determine the extent of bridge staining, inspection trips were made
in the fall of 1973. All the bridges along Interstate Highway 1-30, 1—40 and 1-55
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 |1—40 bridge at log mile 4.42 on 1-55 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 superficial and did not penetrate the
concrete or accompaﬁy 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



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, “‘Investigation 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 cleaning agent,
water, and mechanical action or combination of these was made. The Seventh Street
overpass of 1-40 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 1—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

Ry



approximately 60 percent of the stain. A sprayed application of soap, rinsed 5 min-
utes later removed only 20 percent of the stain.

Application of one commercial cleaning agent to the 1-40 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 |. Schneid, Inc.,
Atlanta, Ga.) is a mixture of hydrochloric acid, gluconic acid, 9—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 2). 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
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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.
Intermediate 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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RECOMMENDATIONS

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

runoff away from the exposed concrete substructure.
Initiate 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 1—40 and 1-55
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. In 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.

Iron, 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.

)



1000X

1000X

Figure A—1
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500X

Figure A—2 (a)

2000X

Figure A—2 (b)
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Relative Intensity

Relative Intensity

Cement Grain

Particle

Energy (Kev)
Figure A—3 (a)
Comparison of the X—rays gathered from a ‘“cement

grain’’ and a small particle on the surface of the same
grain.

Si Ca

Al K Fe

Figure A—3 (b)
Analysis from areas A and B shown in Figure A—2 (b).
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APPENDIX B

The material in Appendix B is an evaluation of the extent of stain on over-
passes along Interstate Highways 30, 40, and 55. The bridges are listed by log mile
along the Interstate 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 1-40 bridge at
log mile 4.42 on Interstate 55 in Crittenden County is 10% 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

fall of 1973.

Bl -



*a4njonuisiadns ay) Jo uoinod 91219U00

3y1 uo sem utels sy | “1oddns jreipienb yoes yieauaq Apdalip utels Aeib Jo JUNOWE |jews e pey sasseq JAQ) |[& 4O %GE Ajarewidoiddy :9JON [eJauan)

suterg buiddejianp

%0€ %0€ uosdy
%0€ %0€ uwin|oy
iueq j0 woypoq %SG %S jusg peoy
‘pasodxa sieqay ainionuisiadng Awunog weag | 98°clL
%G %G coa<u
uwni|o
suwnjod %SL %01 %01 4 jusg peoy
uo Buijmeds jjews %01 %G | %G i ain1onsisiadng Aunop weag | /86
%S %S i Uy
%01 %0Lls | %0l | ¥ uwnjoy i
%S¢ %0¢ | %S [ lusg peoy : i
| {1 aimonusiadng Awnop weag | 86°L |
ﬁ ! i
%0E %O0E | %G uoidy E
%01 %01 H uwnjog
%S1 %S| [ 1ueg ”
“ m_ ain1onisiadng 801 HS weag | 159 ;
sTerd %01 %01 ' uoidy
buinoaloud sjiem %02 %Sls | %0l i uwnjop
48llleq 93840U0d %S¢ i %0L. | %0Z. | 1uag I'H
J0 wo110q uo Ae|y i || 8dnnasiadng sebng weag | £e'v ,,
%S %SG | uoudy |
%02 %0Z | %S | L uwnjop SYZ HS
”\oom %0C, | %O0L, | 1uag ww» : |
%S %S _ ainjonJisiadng ssedAg weag | Zle
%0¢E %0C. %02, | uosdy
%01 %01 m uwn|o)
abeuieuap apis juag
wouy sbue)y uo 1sny %01 %01 %S ! ainionuisiadng 1L SN snonuiluo) 00
ALNNOD HITTIW |
SIN3IWWOD NIVLS 4RI pay Isny Aeiny | Meq abpug a1noy adA] abpug ap 6o
Tv10L 3dAl NIV1S | NOILdId3S3d i

0€ JL1VISHILNI

‘AVMHOIH

i B



sute1g buiddejiang

%0€E %01, %0E e
%0¢C %0C uwnjoy
pasodxa (apis) %0¢C %S« %S x| %Sl juag adoH ®
1uaq uj sieqas maj 84n1onJ3s1adng ¥ HS weag | 66°62
T %01 %S %S Uoidy
%0C %SG %S L uwnjo)
%S¢C %01 %G1 iusg
ain1onuisiadng ¢/91 Sv4 weag | £€9'8¢ i
%Sl %G %L uoidy
%01 %01 | uwnjop ;
%01 %01 & %S« | i iusg peoy !
aAOQe se sweg %G i%G = ain1onuisiadng Awunop weagq | 61°8Z
%G %9 | uoidy m
Jaid jo %02 %02 %S | uwnjod i
wonoq uo sieqai %01 %0€ « %G Ly 1uag |
pasodxa A|peq Aiap ainionJisiadng £6¢€ HS weag | 9z2°'G6e
%0€ %0€ ! uoidy
%S %G ‘ i uwnjo) m
%S %S | 1uag
! i ainjonJisiadng 2.91 SV4 weagq | veee
%0¢C %0¢ “ uolidy |
%S %S “ uwnjoy ,
juag j0 wonoq %01 %S %S | 1uag
pasodxa sieqay %01 %01 4 %S ainyonaisiadng Awunop weag | G661
%0L %0L %02 i uoudy
%01 %01 i uwnjop
pasodxa uwnjod %0€ %0Cy | %Sl 1uag a1 3eq
)R 1UaQ UO siegay ainjonuisiadng pay weag | 6L L1
| ALNNOD QV3LSdWIH
SIN3IWWOJ NIVLS nigesn | pay 1sny Aeip 1eq 96pug ainoy adA] abpug 3 6o
Iv1i0L 3dAL NIVLS NOILdIH2S3a i
*AVMHOYIH

0€ 31VISHILNI

— b3 —



sutelg buiddesang |

%0Y %02 %0Z Ha e
%SG 1 %S 1L uwnjoy
%0€ %0Cx | %0CT, iusg
8injonJisiadng 4y J8pli9 Yy VAR 47
uoidy
%01 %01 uwnjo)
%G1 %S %01 jusg
w || @monasiadng ¥Z HS SETITL) G6'SY
%0E %0€ | ! uoidy
%01 %G . I %01 uwnjoy
%0Z %S « | %S .| %Gl luag i
| i ainjonuisiadng Aunog 18paIg Y aA w
%0z %0z uo1dy 7
%S %S uwnjo) i
%S1L %01 %S | 1uag M
I aunjonuisiadng Awuno) snonuiuo) LLOY !
i
| L ALNNOJD YAvA3N ,
%S % | | uoidy |
i uwn|on |
%01 %S %S iuag i
uoide uo sseun) a4n1onyisiadng Awuno) snonunuo) vE'68 |
%089 %0 %02 « uoldy
%01 %S %S uwn|o)
%S L %S %01 1usg 2 i
aindnuisiadng nawws3y 1apuio $£°9¢
%08 %S %08, %02 uo.dy
%S %G uwnjon
%01 %S %S iuag 'S
aimonisiadng "9 uueaq lapiig le'zs
SIN3IWWOD NIV1S 1eln pay 1sny Aeip) 1ieg abpug a1noy adA] abpug apw Boy |
Iv1i0L 3dAL NIV1S NOILdIY¥3S3a
0€ ILVISHILNI :AVMHOIH

— b



suterg buiddejianQ

%0€E %SZ. %01 oy
%09 %Sy %Gl | %0E, uwnjoy
uteJp %S %01 %S 1 %0C iusg
lapun abuey uo uelg| %G %G %G aimoniisiadng Ajunon weag | oL'so
%G1 %01 %01, ik d
%0¢C %0C %S & uwinjon
%0€ %02 %S 4 ag
¢ @nionasiadng €S9 HS weag | ¥8°29 !
%GE %01, %0E i _
pasodxa %01 %01 “ 8 uwnjogy :
w0310q uOo sieqay %01 o\oO_‘* 2 %G & iuag ) ,
abueyy uo 1sny %G %G ain1onuisiadng 1/Gl SV4 weag | 6G°09 i
~ |
%0 %G %O0E, %01, uoidy
%S %S uwnjod
1usq jo woyoq %SC %SGl | %Sl jusg |
uo pasodxa sieqay %S %S ainjonJisiadng LG HS weag | L9°ES i
|
: ALNNOD MHV1D oo
_ |
%0E %S . %0Z., %0l |} uo.dy
%01 %S %S n i uwnjoy
%S %S _ luag S5
%01 %G %S _ ainjonuysiadng uo 1ybnog weag | 8Z'1S
%ST %0Z %G m uoidy
uwnjo)
%S %S w lueg S'O'H
{1 8Jmonusiadng uiqqnn weag | €6'LY
%02 %02 | uoidy
utelp | uwinjon !
Japun abuejy uo %01 %01, %S _ juag _
wwiod Jspun Bunsny | %01 %01 || sunjonusiadng 6L HS snonufuoy v1'op
SIN3IWWNOD NIVLS B0 psy sny Amin | lieq abpug a1noy adA] obpug ap 6o
TvL10l 3dAL NIV1S T NOILdId2s3da i
0€ JLVISHILINI :AVMHOIH



suieig buiddejiang

%S %S uoidy
%S %S uwnjo)y
Jaliieq %S1 %S %01 iusg peoy
uo auwlijs [leug ainjonuisiadng jose) weag | ze° L8
uoudy
%01 %01 uwn|og
%S1 %S %01 : 1uag
suoide o || aumonasiadng €82 HS weagq | 6528 ,
! , m ALNNOD SONIYdS 1LOH ;
%G1 %S %01 uoidy E
%01 %01 uwnjo)n *
%S %01 %S juag peoy |
ainjonJisiadng Awunon weag | ¥9'9/ ;
%81 %01 %S MOy
%S , %5 | uwnjon
%01 %S | %S |
aAoqge se sweg .1 8imonusiadng 9/Gl Sv4 weagq | 69'vL “
%02 %S %0z, || uoidy
%0¢C %01 %01 i uwnjo
%S %01 « %S » | %Sbe || 1ueg LS HS
anoge se aweg ainioniisiadng R 8 HS weag | 98'zL
%01 %S %S _ uoidy
%01 %S %S i uwnjoy |
suleJlp Jspun %S %S %01 m | luag peoy |
weag | uo suielg %G %G i1 ainyonusiadng A1unon weagq | LL0L
%01 %01 uoudy |
%SG %SG uwnjoo !
1uaq 40 9pis %Sl %S « | %Sl 1uag
uo pasodxs sieqay %G | %G ainmonusiadng 9Z HS weag | LT 69
SLN3IWNWOD NIV1S nijeIn pey | isny Aeip 11eq 96pug ainoy adA ) abpug apw boq |
av1ioL 3dAL NIVLS i NOI11d1d2S3a i
0€ ILVISHILNI ‘AVMHDOIH

— b6 —



suie1g buiddejiang

ALNNOD 3NITVS
%S %S %S uoidy
%SG %S uwnjon
%S %S 1uag peoy
*|  a4ndnusiadng Arunop weagq | 08°'L0L .
%0¢ %02 ._ uoldy |
%S %S i i uwn|on
uielp mojaq %01 %S« %S « | %S « Ly jusg peoy i
N4 1 uelg %G1 _ %G1 | @monasiadng Alunon weag | 22001 i
%G %5 iy |
%0¢C %S %S L i uwnjoy
Buijsad m 1uag ;
4apuib uo juiey ' aumonnsiadng d®14n Japuin 098'86 m
%G %G uo.idy
81310U00 JO %0b | %0 ! uwn|on
Buijjeds jjem %St %G . | %S . | %OV, || 1uag . _ w
J8111eq uo seb|y _ || eimonusiadng 0Lz SN 81a10u0) 86°L6
%0€ %0E uoidy |
%0 %07 %S uwnjo9 N,
%0Y %0€ , %S » | %0l 1ueg |
ainionuisiadng ¥8 HS weag | 69'96 m
%S %G uoidy ‘
%02 %02 uwnjoy |
%ST %0¢C %S 1usg peoy h
ain1onuisiadng Aluno) weag | G1'Z6 W
%01 %S %S uoidy "
%02 %S « %0Z uwinjoy w
%02 %0 %S iuag ¥8 HS
aimonusiadng PIO weag | Li'L6
SIN3IWWOD NIVLS eI pay 1sny Aeiny || ueq abpug ainoy adA| ebpug apw BoT
V101l 3dAL NIVLS _ NOILdId43S3d i
0€ 3LVISHILNI ‘AVMHDIH

e



sutelg buiddejianQ

(sse1n uoidy
141Q) uoidy oN %GE %S1 %S¢C uwnjoy
1usq J0 woyloq %SE %G1 %SG %0€E luag
pasodxa sieqay %01 %01 aJn1onJisiadng €8l HS weag | 96°Ccl
%S 1 %01 %01 uoidy
%01 %01 , uwnjog
%G1 %S« %S « | %0l 1uag peoy
|aa1s pajuieday %01 k %01 | aimonusiadng 200y weag | 59°0Z1 !
%01 %0L uoidy i
1uaq wonoq %0G %0€ i %01 %0¢C i uwnjop
pasodxa sieqay %09 %0l | %0S [ lusg peoy |
‘burjjeds 83a4ou09 %01 %01 'l aumonnsiadng obuo) weag | L£°8L1L ‘
%01 %L | uoidy |
%SE %G« %0Ly | %SE, | uwnjod m
%08G %S & %01, | %0S4 | juag i
%01 %01 ! aunmjonuisiadng Jaluadie) weag | 69°9L1L W
%02 m %02 “ uoidy
%G ! %G uwn|on _
%G1 %S « 1 %0l | %SG . | 1usg SEER !
anoge se aweg %G %S i | aimonusiadng EEILEN weag | ¢8'gll !
%S %G %01 uo.dy m
1uaq %01 %01 uwnjo) |
40 WO0110q sieqay %01 %01 luag peoy
suiels |a81g ainonisiadng Awunog weag | L'otLt
%G1 %01 %S i uoidy
%SG %S ” uwnjop
%01 %01 m weg peoy
%S %S {1 aimonusiadng Awuno) weag | Ly'801
%01 %01 uo.dy
%01 ! %0t , uwnjon
%0t %S« %S x | %0V, » iusg peoy
Buiisni sweaq | %01 %01 | aimonusiadng AJelIN weag | GE'901
SIN3WINOD NIVLS B134RI0 pay sny Aeig veq abpug aInoy adA] abpug ap 6o
Iviol 3dAL NIVLS M NOIL1did3S3d i
0€ JLVISHILINI :AVMHDOIH

o T e



suteig buiddejianQ

— b9 —

%01 %01 .
%S1 : %S « | %Sl uwnjog
%0¢C %S %S1 luag 99 SN
%01 %01 ain1onJ1siadng 6o °'s’'N weag | 86'LEL
%01 %01 uoidy
%02 %S « | %0C uwn|o9
%0¢ %S « | %0C. iusg 99 SN
%01 %01 {| @inionsisiadng Ba1 "M weag | 08’/EL
%0€ %0Z %L | uoudy
%G1 %S . %S . | %01, | uwnjoy w
pasodxa %01 %S %01 [ ] iusg uojjiwey i
wo110q Ul siegay %G %G || ainionuisiadng 1008 weag | ZCYElL !
%01 . %01 uoidy
%01 %01 uwnjo
pasodxa %51 %0L | %0l juag peoy
wolloq uo sieqay | %G %S ainjonJissadng uoiuelg weag | at'sel
%51 %S L uoidy
%S . %S uwn|og
%0C | %0L, | %Sl 1ueg
%G1 %G1 ainjonuisiadng 8E€ HS weag | ZvostL
weq %S 1 %S uoidy *
uo pasodxa sieqay %GZ %G %GZ uwnjo) |
uoide oN %S¢ %S %S %0C | lueg ol
1uaq uo Buijjedg %01 %01 ainjonJisiadng ajeAsjqey weag | £€9'8zZ1
%SE %0€ . %S uoidy
paiuiedal %S¢ %S %02 uwnjo)
19915 1uaq jo %0¢ %S & %S » | %0C, iusg
apis pasodxa sieqay %G1 %G1 aimonuisiadng LLL HS 81810U0) GE'9Z1
ALNNOJ DISVINd
SIN3IWWOJ NIVL1S nigeIn pay 1sny Aeig 1ieq abpug ainoy adA] 9bpug 3w B0
Tv101 3dAL NIVLS NOI1did42S3d

0€ 3LVISHILNI ‘AVMHOIH






suielg BuiddejianQ

uoidy
uwnjo)
juag
ainjonuisiadng
uoidy
uwnjo)
1uag
i _ ainionuissadng
b uoidy |
| | uwnjon _
| ueg |
' ainjonisiadng
%01 %01 uoidy |
%0C %0¢C uwnion
%SC %SC 1uag
abue|y uo 1sny %01 %G %G ainjonusiadng ov | weag | ¥SZvlL
%0C %0C uoidy [
%SC %S¢C uwnjoy =)
%0€ %S » | %0Ex 1uag &
anoqe se aweg %01 %01 ainyonuisiadng 1S Y19 weag | Lz ovlL , |
%G %G uoidy
wuof %0L %01 uwnjon W
uolsuedxa wouy %G %G %02 luag
umop Bujjies 184 %01 %01 ainjonJisiadng 1S Yl weag | 0'0PL
%01 %01 uoidy
%0¢ %0l | %Gl uwnjog
%G1 %G1 usg
%01 %01 ainjonJisiadng 1S Uiyl weag | L9'6EL
%G %G uo.idy “
%S %S %S uwnjo V
%01 %S « | %0l ueg
%01 %01 8.njon.isiadng 1S 381g weag | vZ'6eL
SIN3INWNOD NIVLS 114815 pay 1sny Aein 1ieq abpug ainoy adA] abpug ap 607
Tv1i01l 3dALl NIV1S NOILdid43S3d i

0€ FLVISHILINI :AVMHOIH



‘84n1onuisiadns ay3 JO uoilI0d 31919U0D Y] UO SBM UIE]S SIY |
"110ddns jlespienb yoea yiesuaq Aj30a.ip uiels Aesb 4o Junowe jjeuss e pey sassed 1aAQ || 40 %G Ajdrewixoiddy 810N |e4auan
sutelg buirddejiang |

~ 11 =

%S %G i
%St %01 %0V uwnjoy
(%08) %0 %0C %0€ .. ueg Awnog
Aeib uwnjog aup aimonuisiadng piojmer) weag | LE6
uoidy
%08 %08 %S _uwnjo
%06 %08, %0€ « lusg
{1 aumonusiadng 28Z HS 91840U00 16°L
uolay
%SG %0 %S _ uwnjoy H
%0L %05 %0L. | %Gl | luag
ainionuisiadng ovst weagq | ov'L
uoidy
%089 %0G uwnjo)
%S9 %08« %0L, | %0Cs lusg
aismonisiadng ovSlL 91210U0) 8c’L
[ebUEIo] uoidy
393p j0 wonoq %09 %09 uwnjoy
uo suiels juled %08 %09, %S Ly luag peoy
uwnj|od g ueds g ainionuisiadng Aunoj weag | ZL'9
| uoidy
%GL %S L m uwnjoy
%08 %08 juag
ainonisiadng rAX a4 weag | cL'e
%0€ %0€E uoidy
%56 %S %06 uwnjon
%06 %06 1uag peoy
%G1 %G %01 ain1onssiadng eioQg weag | 500
ALNNOJ QHO4MVHD
SIN3IWWOD NIVLS niyjeIn pey 1sny Aeiny Hed abpug ainoy adA] abpug ap 60
Tv1i0L 3dAL NIVLS NOIL1did0S3a

Ot JLVISHILNI :AVMHOIH



suie1g buiddejianQ

%0S %08 uosdy
%S %S uwnjo)
%0¢C %01 %01 juag
ainjonuisiadng GlZ HS weagq | 20've
%089 %0S uoudy
uwn|o)
%S %S lusg peoy
ainionsissadng Aunop weag | 86°1LC
%01 %01 uoidy
1no buisons %08 %08 uwnjog peoy
sieqal Isjjem 1ad %06 %08 %S « | %08, 1usg abpiy
ejed wouoq 1sny %0E %01 %02 ainionuisiadng eibioan weag | G002
%0% %02 %0¢C . uoidy
%089 %01 %0v% uwnjog
1313446 Jano %SG %0Y %S %01 uag ‘SO
pajured “1dag AMH ainjonJisiadng 13AQ weag | 06°LL
uo.idy
%0€ %0¢ %01 uwnjo peoy
%0V %02 | %0C luag Awunop
Bunsni sieqay %S %S ainjonuisiadng piojmerd weaq | 98'sl
Aeib op *ainjonuis %G %G uoidy
-1adns 91840u02 %0E %0E uwnjo)
30 sapls niyy %0V %0€ %01 luag peoy
paulesp 3o08Q :810N %G %S aimonusiadng an04D) N weag | 19°€L
uoidy
%0v %SCy %02 uwnjop
%St %0€ %0C lusg peoy
ainonusiadng Apny 1se3 weag | 99°ZL
%08 %08 ‘uoidy
%S¢C %0C. %01 uwnjoy
%S %0€ & %02 « lusg peoy
ainonJisiadng Apny 1sam weag | 9601
SIN3INWNOD NIV1S nigess pay sny Aein Heg abpug ainoy adA) #bpug ap 607
V101 3dAL NIV1S NOIL1d142S3d
Oy 3LVISHILINI :AVMHOIH

- b12 —



suierg buiddejianQ

%G %G uoudy
%S %S uwnjo)
%0t %0V iusg
~%G %G ainjoniisiadng Aunoy weag | L0°LS
%0C _ %02 Uy
%S %S uwnioy
%SG L %01 %S 1usg
ainjonJissadng ¥91 HS 91240uU09) 1G'9%
ALNNOD NOSNHOf
%0€E %01 %02 Uoicy
uwnjo)
uag
sbuizooy uo i1sny aunjonsssadng 1 sny ua]-109 €6°0v !
%0€ %0€ uoidy
uwn|o)
luag
sbulo0o} uo isny ainjonuistadng 61lZ HS uaj-109 g’ L€
%S %S %01 uoidy
uwnjo) 91319U07
1uag snonuiuoy
ainionJisiadng suaAel) J3piin G/'ZE
%02 %02 uoldy
(pa4anod) 1ano %01 %01 uwnjo)n 81a10U0)
paluled n14ein uag peoy snonuiuoy
‘sulesp punoue isny %G %G ainionuisiadng Asuo) Japiin 0062
ALNNOD NITINVHA
SLN3IWWOD NIVLS nigesn pay 1sny Aeip 1eg 9bpug ainoy adA) abpug ap o7 |
Iv1i0l 3dALl NIV1S NOIL1dId2S3d _
O 3LVISHILINI :AVMHDIH

= Bl -



sutelg buiddejsenQ

ALNNOD 3d0d
%05 %01 %0t uoidy
%0¢C %0C uwn|o)
%0¥ %SE %SG iusg
%0¢ %0E | 8imoanansiadng GLE HS 81940uU0) 29'99
%0€ %0¢C %01 M uoidy |
%S %0€ %0l | %S 1 uwnjo) ,"
%0L %09 %0t | %0Ly | 1usg peoy i
1 aunmonuisiadng Alunon weag | 19°19 _
——9ep 3bpIIq JO %0C %0C uoidy “
w0110 Uo Winfep %08 %08, %02, . uwno) _
10 pjow auym %08 %084 %02, g peoy :
‘sulelp punode 1sny %5 %G | aunmjonuisiadng Awunog weag | 8665 !
uoidy
%SE %0€ %S M uwnjog al
%08 %0€, | %0L, | %0C. | iusg umoisawer
%S _ %S aimonuisiadng €0L HS wesag | 81'89
%0€ %0€E | uoidy
%0C %0¢Z m i uwnjoy i
%0E %02, %L, |%0l, | 1usg |
%01 %S %S 3inonyisiadng ¥61 HS weag | vL'LS
%09 %0E %€ | uoidy
%001 %S %001 %SG i uwnjop 3||1As3 .|
%001 %001 %09 1uag 1s3M M
%S %S aimonunsiadng ¥9 SN weag | €8S %
uo.idy
%01 %01 uwnjon ,
%0v %0E %01 iusg
%G %5 ainoniisiadng ZSE HS 81810U07 61°ES
M SIN3IWKNOD NIVLS eI pay 1sny Aein 1eq 9bpug ainoy adA] abpug apw 607
Tv1i0l 3dALl NIV1S NOI1d143sS3a i
O 3LVISHILNI ‘AVMHOIH

< b14 —



suteig BuiddejsanQ ,

—b15 —

%0Y %0 My
%0L %0L uwnjo)
%0L %0L %02« juag peoy
%02 %02 ainjoniisiadng Aunon weag | 91°88
%0€ %0€ uoidy
%01 %01 uwnjo)
%0¢ %01 %01 1uag peoy
%G m %5 |, aamdnnsiadng Awunon weag | ¥0°/8
jusq wonoq %09 %01 %01 i %0t i uoidy
uo pasodxa %SY %02 %S | %0C H uwn|o)
sleqay "juaq %0L %0¢C I %0C | %0€E [ iusg
uo bBujjjeds jjews %02 ' %02 11 8inionuissadng LEE HS 81a40u0) ZL'v8
%05 %01 %0 | uoidy
%G1 %01 %S uwnio)
juaq jo %0L %0€ i %0¢ %0¢ 1uag
wi0110q UO Jeqay %0¢E _ %0¢e ain1onuisiadng 9Z€ HS 91910U09) GlL'eg :
%05 T %0L | %0 uoidy 1
%06 %08, | %S » | %0E, uwnjog ,
uwn|od %06 %06x | %0C. | %0V, ,m lueg _,
ul pasodxa Jeqay %0¢C | %0l %01 .| @4mdnasiadng ¥Zl HS 8jalouo) 6C'C8 ,
%Sh %G uaigy
%08 %05 _, uwnjo) 2l
%O0L %0L4 %0C . 1uag 3||Injassny |
%0¢ %02 ain1onusiadng L HS 91310U0) S0°'L8 *ﬁ
%0% %0t || uoidy J_
%09 %0 L %0G | | uwn|o) |
(a4anas) Bunsny %08 %0C %0v | %0C 4| lusg peoy "
19915 B Jeqay %0€ %0¢€ (1 ainmonuisiadng Auno) 8181ou0) Sl Ll m
H
%G1 %G1 M uoidy !
%0¢C %02 ﬁ uwnjop !
%09 %0E | %0l |%0z || 1ueg peoy |
%G L %G | 8inmonuisiadng A1uno) weag | 88'¢C/L
SIN3IWWOD NIVLS n1eIn pay Isny Aein || eq 9abpug ainoy adA} abpng apw 6o |
av1iol 3dAL NIVLS M NOILdId0s3a

Ov 3LVISHILINI :AVMHDIH



suierg buiddejiaaQ

%G %S uoidyy
uwnjo) G6 HS "O’I
uag uol Lo
ain1onuisiadng 1S3 81a10u0) 16901
%S %G uoudy
uwnjog
1uag peoy snonuiuon
%G m %S .1 @8dmonusiadng Awunop weag | 28'601 *
& ; !
%G1 | %S %L . Upidy m
¥ uwnjon !
i juag peoy snonupuoy
_ ain1onJisiadng Arunon weag | 6L°€01L |
%0% %01 %0E ! toidy
uwnyjon
"$185201 WO} 15NY | juag gl |
*sweaq uo s1sau paig %01 %01 ! aunjonuisiadng [1amjoe|g weag | 0,001 :
ALNNOD AVMNOD
%0€ %0€ | uolidy
%0¢C %01 %01 i uwnjog
%0t %01 4 %02, | %0Z, g peoy
ainjonJisiadng Awunon weag | 09°/6
%0€ %0E uoidy
%01 %01 uwnjo)
%0¢C %02 1uag peoy
ain1onuisiadng Alunop weag | 8596
%0t %0t uoidy
%02 %01 %01 uwnjo) |
%GE %0€ %G 1uag
a1nonuisiadng GOl HS 81310U0) ARG
SIN3IWWOI NIV1S BRI pay sny Aeing | 1ed a6pug ainoy adA ] abpng ap 6o
Tv1i0l1 3dAL NIV1S w NOIL1did43S3a

Ot 3LVISHILNI

‘AVMHOIH

—b16 —



suierg buiddejiaaQ

uoudy
%01 %S %S .« | %S « uwnjoy
%G1 %S %0L, | %S . luag peoy
| %G %G ainjonuisiadng Alunop weag | oLzel
%0t %0C. %GE uashy
%01 %S %S uwniog
%0¢C %01, %0L, | %O0L, iusg peoy
%01 %01 {| @inonuisiadng Awuno) weag | 8G'LEL
%0€ %0€ uoidy |
%01 %S %01 H uwn|o) 859 SN !
%0E %02 %G « | %0L. || luag ok ,
1 ainjonsisiadng Aemuo) ‘s weag | Y. 9Z1 i
%01 %0t uo.dy
%S1 %S %01 uwnjog
%0€ %0C. %0l | %0E, iuag
; ainjonJissadng 99Z HS 81310uo0) €19z1L g
ALNNOD HINMTINVA
‘sujesp %02 %02 | uoidy peoy
uo suteys Aeun _ uwnjo) Awunop i
lusg j0 wonoq %0V %01 %0€, | %01, iusg 'l
U0 sJeqal wody 1sny %01 %01 ainionuisisdng CEIIVETT] weaqg | 9G /1L
uoidy
uwnjo)
1uag
ainlonusiadng 6 HS 81810uU0) 10°'801
%01 %01 uoudy
%01 %01 uwn|on W
juag
ainjonuisiadng- LYZ HS weag | 10°/01L
SIN3IWNWNOD NIVLS nien pay 1sny Aeip 1eq abpug a1noy adA ] abpug 3 607
TvV10L 3dALl NIV1S NOIL1di40S3a _

Oy 31VISHILNI

*‘AVMHDOIH

—b17 —



sutelg buiddejiang

%0¢ %0¢C uoudy
uwnjo)
juag
ainjonuisiadng ocy | Japiin L9° /YL
%S %S uoidy
uwnjo)
juag
, i @8imonusiadng oY | 81240U07 L8 1pL
%S % %00 | uoudy
%S¢ %S | %S | %Sl P uwnjoy ~
%0¥ |- %08, | BOB . | ueg SELTHS |
| || aumonusiadng ueuLION 81810U0) Y WA i
%0Y %0Y iy
%SE %S %0€ uwnjoy
%0t %0C %0V jueg peoy
ainjonuisiadng Awuno) weag | Yo'l !
%06 %06 o1y
wonoq pue %0¢ %01 %G1 « uwnjog
SapIs uo juag %0€ %0, | %S x | %0C 1uag ‘]
niys Buimoys seqay %01 . %01 ainjonuisiedng uebiopy Lozrl
m
! ALNNOD ISVINd
%09 %09 uoidy
%0¢ %01 %01 uwnjogy
%0Y %0 %SG « | %S « jusg
%01 %01 ainjonJisiadng 68 HS wesaq | 9v'eElL
%0L %0€., %0L uoidy
%01 %S % gt M
%G1 %01 %S lusg peoy _
%S %G ainjonJisiadng Awunop weag | 19°%E1L
SIN3IWINOD NIVLS 14810 pay Isny Aeip) ey a6pug a1noy adA] abpig aj 6o
1v101L 3dAL NIV1S i NOI11d142S3d
Ov 3LVISHILINI :‘AVMHDIH

—b18 —



sutelg buiddejianQ

—b19 —

%0€ %0E uoudy
siaid |je uo %09 %01 %0Ly | %0V, uwn|o)
1uaq jo wonoq %0G %01 %0Lly | %0V, 1uag L9
uo pasodxa sieqay %0L %01 aimonusiadng SN PIO weag | 1€ %G1
%02 %02 uo.dy
%09 %09 uwn|og
%09 %09 iusg 937
%01 %S %01 , i aimonuisiadng NOE | 93310u0) ov-€51L
%0€ ‘ %0E i uoidy
%09 %09 & uwnjo)
%09 %09 , iusg
%01 %01 an1onisiadng LOL HS 81840u0) GZ'esl
%0C %0C Uo1dy
%09 %09 uwnjo)
%09 %09 juag _
1400y U0 ISNY | %GZ %S %L | %01 aimonusiadng LOL HS #3210U0Q 6826l |
%51 %S %01 uoidy B
%01 %0 L uwnjog Dl
luag %GE %S %0¢€ lusg Jied
ul pasodxa ieqay ainonJisiadng suing 81810U09) €051 _
%0 %0V uoudy
%09 %S « | %09, uwnjoy "dag
%09 %S » | %09, iusg Jied
ainjoniisiadng suing weag | 0S'6v1L
%0€ %0¢E uolidy
%01 %0Lls | %0L, uwnjop
%0€ %0Cs | %0C, lusg 3S 1I'H
ainoniisiadng |e1sAip weag | SL'8pL
%0P %GZ, %0€ uoidy
%08 %01 %S x | %0V, uwnjop
%09 %01 , %01 , %07, luag RONNIIC]
%01 %01 ainjonuisiadng |e1sA1D weag | oz'svlL
SIN3IWWOD NIVLS nieIn pay sny Aeiny 1eq 9bpug ainoy adA} abpug ap 6o
aviol 3dALl NIV1S NOIL1d142S3a

OV 3LVISHIINI :AVMHOIH



sutelg buiddeyjsang |,

— b20 —

%S %S Ry
%0 %0t uinjog
%St %0V, | %01, lusg peoy
ainjonJisiadng Awunop weag | 8G'891
%0€ %0€ uoidy
suteJp %S1 %0Ll. | %01, uwnjoy
punode bunsny %S1 %0L. | %0l iuag
1uied paau jm %02 %02 {1 ainmonusiadng G HS 31810u09 18 %91
|
| ALNNOJD IONOT
%0€ %0€ UGy
%0 %01, | %0b, utiniod)
%08 %0C. | %0S, lusg
anoge se aweg %0E %0E aimonaisiadng 298l Sv4 weag | 6€°291
%09 %09 uoidy
1ueq jo wonoq %0t %0L, | %0t uwn|o)
uo pasodxa sieqal %0G %02, | %0V, 1uag 0l
suledp Japun sny %0L %01 aimonusiadng Aemojjen weag | 18091
uleys Aesb yum %0E %0€ uo.dy
paxiw sebje usaib %G %G uwnjo)
a|qissod ‘sulelp %01 %01 1usg peoy .
J8pun ym uo Bunsny %01 %01 ainjonJisiadng Aunop weag | 6°8G1
%0¢ %0¢C uoidy
%S : %S uwinjoy
lueq jo %S 1 %S %01 lusg peoy
wi0110q UO sieqay %G %G ainjonuisiadng Awunon weag | 20°8S1
%0€ %0E uoidy
%S %SG %S %S bl 1510
lueq jo %S¢ %S %0Ly, | %0l iuag peoy
wo110q uo siegay %G %G aimonuisiadng Alunon weag | 62 /Sl
SIN3IWWOD NIVLS |  niyein pay 1sny Aeip Lied 3bpug eainoy adA | abpuig oW 607
V101 3dALl NIV1S NOILdIY¥3S3a

Ov 3LVISHILNI :AVMHOIH



suieig buiddejianQ

ALNNOD 31dIvHd
%0Z %02 Hely
%G %G uwnjo)
%01 %0 L iuag peoy
%G %G {1 aanlonuisiadng uodiry weag | ¥G°€81L !
%0€E %€ ||  uoudy i)
sieqa. bunsnu jo %0€ %01 %0C, | %01l ‘ | uwnjoy “,
asnedaq juag Japun %08 %01, %0E, | %0C, , lusg i
syunyo }jo _Uw__mam m‘_DuoD\_Hm\_mQDW €1 HS 813lo0U0) 1G'C81
%0C %02 ik
%S %01 %S utiniod
%S L %01 %S jusg
sieqay 1 13144815 %S %G aimonJisiadng weag | ve6LL
%08 %08 uoidy
%S L %01, %01 uwn|od
%0% %0€, %0C. luag peoy
| ainjonuisiadng Awuno)n weag | 62 LLL
%0% %0t uoidy
%0€ %0Z. | %0CT. uwnjoy
%SE %S %0Cx | %0Cs iuag
ainjonJisiadng L€ HS weag | 8G'v/ 1
%81 %G1 uoidy
(uoude) tapun pue %02 %G1 %G uwnjo)
sujeJp J3pun 1sny %0€ %0C | %0l usg
weag | uo uleig ainonuisiadng 68 HS weag | SL'ELL
%0t %01 %0€ uoidy
%01 %SG %S uwnjoy
SuleJp Jspun isny %01 %SG %S lusg peoy
aimjonuisiadng Alunon weag | 9L'L/LL
SIN3IWWOD NIVLS nijeIn pay sny Aeiny yeq abpug ainoy adA] abpug 3 6o
TvV1i0L 3dAl NIV1S NOI1did43sS3a i
Ot 31VISHILINI :‘AVMHOIH

—b21 —



suielg buiddejiaaQ

— b22 —

ALNNOD JOYNOW
uoidy
%01 %01 - uwnjojy
%01 %01 lusg peoy
%51 %G %01 i | 8imonusiadng Aluno) weag | 05°€0¢C
%G1 %S %L | uoudy
%0¢€ %0¢C %01 | uwnjo €€ HS
g %08 %0v | %0l M 1uag s
uo Buimoys sieqay %S %SG \  aimonunsiadng 300S149 weag | ceeoe
%0C %0¢ uoidy
%01 %01 uwnjoy
%51 %SG %01 iuag peoy
anoqe se awes ainjonqssadng Awunop weag | 2E961
%Sv %S %0t uoidy
%0C %S %0Ll, | %0Ly ULRIOD
1uaq Jo wonoq %05 %S « %0Cs | %OE, e
pasodxa sieqay %G %G aimonisiadng LL HS weag | 2Zs6l
%0V %0t uouidy
anoqe %G1 %SG %01 uwnjo)
uleJp wouy %0¢ %01 %01 lusg
weag | uo uleIg aimonsiadng 6vZ HS 91210U0) Zl L6l
%01 %01 uoidy
%S %S uwnjo)
%S¢ %S %0C lusg peoy
ainjonuisiadng uos.ispuy wesg | oL'68l
%01 %01 uoudy
%S %SG uwnjo) peoy
%SC %S « %0Cy | %SG « jueg 13yieg
ainjonsisiadng MaN weag | 6981
SIN3IWIWNOD NIVLS n1ein pay Isny Aein ueq 2bpug a1noy adA] abpug apw 607
Iv1i0l 3dAL NIVLS NOI1d1d42sS3a

O 3LVISHILINI :‘AVMHOIH



suielg buiddejianQ ,

%01 %01 uoidy
%0€ %0€ uwnjoy
%S¥ %0, %01 , lusg peoy
%S %S ainjonisiadng Awunop weag | 96°0€¢
%01 %S %S uoidy
%0¢C %02 uwnjo)
%0¢C %S 1 %S lusg peoy
anoqe se aweg ainmonasiadng Awuno) weag | 0,922
uoidy
%S %01 %SG uwnjod
pasodxa juaq jo0 %S %01 %S luag peoy
wo110q uo sieqay ainjonJisiadng Awuno) weag | ol vee
uouay
%SC %S %0¢C uwnjo) 8L HS
%SE %01 %SG %02 jusg 'l
aimonaisiadng Aapeaym weag | G802z
%S %G uoidy
%S %S uwnjo)
pasodxa juaq 0 %0€ %0C %0Ll, | %01, luag peoy
wo0110q uj sieqay ainjonuisiadng Aunop weag | 8€'8l¢C
ALNNOD SIONVHd °1S
%01 %01 uoidy
%09 %S %09 uwniop 6% SN
%09 %S %09, iusg EN
%0¢C %0¢C aimonuisiadng Aspjung weag | vL'6le
%01 %01 uoidy
uwnjon
%S 1 %01, %01 1uag peoy
abuejy oluo sujeiqg %01 %01 ainmonnsiadng Awunoj weag | oLele
SIN3IWWOD NIVLS niyjeIn pay sny Aein ueq 9bpug ainoy adA] abpug ap 60
| 1vV101L 3dAl NIV1S NOIL1dI40S3a

=

Oy 31VISHILNI

‘AVMHDIH

— b23 ~



sutelg BuiddejianQ |

— b24 —

%SG %G uoidy
uwn|on
pasodxa %G1 %S %01 jusg peoy
1uaq Japun sieqay %G %G ainmonuisiadng Alunog weag | 05652
uoidy
uwnjo)
ZX.C %01 %01 luag
uoidy jo buljjedg || 9modnasiadng 8¥€l Sv4d weag | 6€°2S¢ i
: uoidy i
%01 “ P %0L |, uwnje !
%0E %0 L | %0C ¥ jueg
' aimonusiadng LSEL SV weag | 00°05Z
i
%0¢ %02 ! uoidy “
%G1 %S« %S %01 i uwnjojy 8€ HS i
%SE %S %0L | %0C | 1uag go)l
%SG %G i aumonusiadng 13UBpIM weag | S WALA m
%0Y %0Y uoidy |
%08 , %08 uwnjod |
jusq uo niyy %06 %0l | %0l, | %08, | lusg peoy !
Buimoys siegay %G %G ~ ainjonuiisiadng Alunop 1SHd 002
%0€ _ %0€ ! uoidy
%S %S | uwn|oy
%0 %S & %0C. | %0T. | iusg peoy
ainionJisiadng Awunon weag | 89'8cZ
%SG %S uolidy
%S %S uwnjo)
%02 %S %S %01 jusg peoy
%G %G ainionuisiadng Alunop weag | 05'9se
%08 %01 %0Y gy
%02 %02 uwnjod
%09 %0€, | %0V _ ueg
%G %G aimonuisiadng 19Z HS a1210u0) 2T esT
SIN3IWWOJ | NIVILS BRI pay sny Aein ||  eq ebpug ainoy adAj abpug ap 6o
|TvLi0L 3dAl NIV1S ﬁ NOI1did2s3a

Ov 3LVISHILINI :AVYMHOIH



surerg buiddejuanQ

%G %G uoudy
uwnjon
%02 %0¢ iuag
ainoninsiadng Buijjog weag | Y258 JhA
%01 %01 uoidy
uwn|on
%0C %02 jusg peoy
! {| @inonasiadng Auoq3 weag | LE'ELT
%01 m %L ||  uoudy
%S %G 1 uwnjo)
%0E %0€ | M Jusg
[} emanusisdng - '6gE1 Syd weag | tRde
%0C %0¢C uo.dy
%S¢C %0C %01 uwnjop
%0€ %0C %S 1 juag 8lC HS
weaq uo isny %01 %01 aimonisiadng  gjjIAJalRaYS weag | 80°'69¢Z
ALNNOD N3IAN3LLIHD
|
%02 %02 & uoidy v
%01 %01 i uwnjop
%SC %0¢C %SG 1uag
ain1oniisiadng 6961 SV4 81910U07) 12292
%0P %0Y uoidy
%01 %S %S uwnjop
%0€ %SGLs | %0C4 iusg peoy
anoge se aweg ainionuisiadng Aluno) 81310uU0) 10°19Z
%0v %0V uoidy
%GE %S %0€ uwnjod 61 HS m
pasodxa %0Y %S . %0L, | %0€E, 1ag "0'l 9xe
1uaq Japun sieqay ainonusiadng 1134S weag | 68652
SIN3IWWOD NIVL1S 1}ein pay Isny Aeiny 1eq abpug ainoy adA] abpug ap 6o
V101 3dAL NIV1S NOIL1ldid3sS3a

Ov JLVISHILNI

‘AVMHOIH

— b25 —



suteg buiddejianQ

uoidy
uwnjoy
1uag
8in1onsiadng
uoidy
uwnjon
juag
w ~| 8unonuissadng ,
I uoidy |
i uwnjo) i
e 1o |
_ ain1onJisiadng m
%09 %09 uoidy
%08 %08 - uwnjoy ‘PAIE
%56 %S . | %06, juag welbuj
simonnsiadng “Jor aj2Jouo) e6Le
%0¢ %0T uoidy I
%08 %08 uwnjon siydwapy 159 =
%08 %0 L %0l | %OL, | usg ut <
ainjonuiisiadng L6L HS "1 91210U0) £2'8.2 |
%0¢C %02 | uo.idy
%0z %z || uwnod
%08 %GLl. | %0b, 1usg
aimonisiadng GGl 91810U09 6L°LL2
%0€ %0€ uoidy
%S¢ %SG %02 uwnjoy
93810uU0d pjo %08 %S %0L, | %0b, iusg JAM OtI
J0 Aeme buijjedg aimonuisiadng e GGl 81810U0) 90°2.2
uoudy
%SE %S %S « | %0E, uuwinjog
ainonas %09 %09 1ueg peoy
O 8pIs uo sieqay %01 %01 aimonuisiadng uyny| weagq | yz'sle
SIN3IWWO0D NIVLS nien pay sny Aein ey 3bpug a1noy adA] abpung apw 6o
Tv10L 3dAl NIV1S NOILdI¥IS3a

OV 3LVISHILNI :AVMHDIH



"11oddns |respienb yoes yieauaq Aj30a.1p uieys Aesb jo Junowe llews e pey sassed 1aAQ ||e 40 %G6 Ajarewixoiddy

"84n10N41519dNs 8y1 4O UOILIOd 81240U0D BY] UO SBM UIRIS SIY |

1910 |eJBUdD)
sutelg buiddejianQ

%02 %02 uoidy
Bunsny %0C %0L, | %0Z, uwn|o)
[831s Buijjeds %SE %0C, | %0C. lusg LL HS
81340U02 ISNJ JegaYy %GE %0E %01 ainjonuisiadng €9 SN 81310uo) 8v°'€C
%0€E %0€ uoidy
%8S %0l | %08, uwn|og
%0L %02, | %0G, jusg
1sny J3jjoy ¢ aumonuisiadng ¢ HS 8laluoy 0s’'Le _
5§ uoidy |
%S %0l, | %0V, |~ uwnjod peoy !
%S9 %089, | %0t ¥ 1usg aleps3ie|n |
sny ' aumonasiedng o 21a10uU09 LL'ZL ‘
uoudy
%S %S %0t uwnjod peoy
$1a)004 19 %09 %0t, | %0V, juag oyouap
suid wouy 1sny ainjonJiisiadng 100 weagq | 0091 m
%S %S uoidy
%0t %0 uwnjod peoy
19938 %0 %S « | %0, lusg [N sawer
O uole1003s1g %01 %01 ainjoniisiadng 101 weag | 6L°ElL |
%G %G | uoidy |
%01 %0L i uwinjop
%G1 %S %01 iusg !
ainjonyisiadng ov | weag | vy
%0L %0L uoidy
%0¢ %0¢C uwinjog
iusq j0 woioq %0 %0t lusg peoy
uo pasodxa sieqay %01 %01 || 84monusiadng qn|o weag | Z6°€
ALNNOD N3IAN3LLIHD i
SIN3WWOD NIV1S nieIn v,ox 1sny Aeiy | 1eq abpug ainoy adA] abpug ap 6o
viol 3dAL NIVLS “ NOILdId3s3d

GG JLVISHILNI

‘AVMHOIH

—b27 —



sutelg buiddepianQ ,

uoudy
%S¥ %0 | %0t uwnjo)
%St %0L. | %O0b, lusg
ainionusiadng 1 HS weag | oe' LYy
uoudy
%S¢ %01, | %0C, uwnjoy
%SE %0Ll. | %0E, iusg
ainionuisiadng 8821 Sv4 weagq | (WA !
%G %G | uoudy
! - uwnjo) i
%01 A %01 | | lueg |
Burisni jaa1g {1 aunonuisiadng 18l HS wesag | GG'ee |
%G %G uoudy
%0€ %S« %02, | %01, uwnjo)
%0€ %0¢C %01 iusg m
pasodxa sieqay ainjonJisiadng 811 HS weag | Z5°se f
uoudy |
%02 %01 %01 uwn|og o]
%0Z | %0L | %0L weg 3
ainjonuisiadng €8¢l Sv4d weag | €0°0€ _ !
|
ALNNOD 1ddISSISSIN
uoidy
uwnjo)
uo.ide uj sseun %01 %01 uag peoy
‘uwn|od uj sieqay %0¢ %02 %01 ainionuisiadng Awunop weag | G/'92
uoidy
%0v %0 uwnjoy !
uwinjoa %09 %0V, | %0€E, iusg
Ul pasodxa sieqay i ainjonnsisdng 4S % 1S peoljieyd - a4 19 [8'EC
SINIWWOJ | NIVLS niyesn | pay 1sny Aeig Med 8bpug ainoy adA | abpug apN 6oy |
| v1i0L 3dAl NIV1S NOILdI43S3a i

GG JLVISHILNI

‘AVMHOIH



sutelg buiddejianQ |,

uoudy
%G %S uwnjo)
%0¢C %S 1 %S lusg
ainjonuisiadng adio 1’99
uoudy
%01 %S %S uwnjop
%SE %0C %S 1L jusg
| 8imonussadng 6E£Z HS weag | v2'G9
2 uoidy |
%S %S H uwnjoy !
%G1 %01 %S L jusg |
[!  aumonusiadng ZLE HS weag | 16°19 |
uoidy !
%0L %01 uwnjon
%SE %02, | %0C, jusg peoy i
%01 %01 ainjonJissadng Awunog weag | G/'6S !
uoidy |
%G %5 uwnjon @
%SGC %0C %S ueg o)
ainjonJisiadng 8tl HS weagq | Al A ! |
uoidy
uwnjon i
%S L %S %01 ueg peoy
ainjonjsiadng Alunop weag | 91°'GS
uoidy
%01 ] %01 uwnjod
%SE - %0C, | %0T, iuag
ainjonuisiadng 851 HS weag | 88'CS
uoide uo siamows %G %G uoudy
woJj s>oel- %0€ %0C, | %0C, uwnjog
18qqny "uwnjod %S %0E, | %02, weg
ul pasodxa teqey aimonJisiadng 6L1 HS weag | 91°0§
SIN3IWWOD NIV1S Bigesn | pay sny Aeugy Heq abpug ainoy adA| abpug ap B0
Iv1i0L 3dAl NIV1S NOILdIH3S3a

GG 3LVISHIINI :AVMHOIH



suielg buiddeiaaQ

uoudy
uwnjo)
juag
8injonuisiadng

uoidy

uwn|o)
1uag

| | ainionuistadng

B uoidy
_ | uwnioy _w

1uag |
ain1onuisiadng )

uoidy
uwnjoy
juag
ainjonuisiadng

uoady
uwnjo)
1uag
8injonuisiadng

— b30 —

uoidy
uwnjo)
1uag
ain1onsisiadng

: uoidy

%01 %S %S uwnjop

%0€ %0¢C %01 lueg X3 oiqie A

aimonusiadng 0Gl HS weag | L

%G %G uouidy

%02 %02 uwinjon

%0¥ %0t lusg

aimonusiadng 81 wesg | €€°/9

SIN3IWWNOD NIVLS n1e40 pay sny Aeig 1ieq abpug ainoy adAj sbpug ap BoTy
V101 3dAL NIVLS NOILdiHds3d

GG JLVISHILNI :‘AVMHOIH



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, ““In-
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.

a. 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 CaCO5 is then added
and mixed well to form a paste just stiff enough to adhere adequately.
to the surface. The paste is applied to the stained surface with a trowel

o] -



or putty 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.

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.

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,
moistened with water, and covered with a stiff paste made of CaCOg
and water. On vertical surfaces, the CaCOg3 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. If the mixture is left longer than one hour, a black stain may
develop. If the iron stain persists, treatment should be repeated, using
fresh material.
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