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HIGH STRENGTH ALLOYS FOR SEAWATER 
FASTENER APPLICATIONS 

Denise M. Aylor 
Naval Surface Warfare Center 

Code 613 
Annapolis, MD 21402-5067 

ABSTRACT 

Slow strain rate tests were conducted on Rene 41, Alloy 925, and 
Alloy A286.  Specimens were evaluated in 3.5% NaCI solution in both 
freely corroding and cathodically polarized conditions and compared to 
similar specimens run in air. 5000 hour statically-loaded proving ring 
tests were also conducted in natural seawater under both freely 
corroding and cathodically polarized environments to assess the validity 
of the slow strain rate method in predicting long-term environmental 
cracking resistance. The proving ring tests were performed on Alloy 
K-500, Alloy 625 Plus, Alloy 625PH, Ti-6AI-4V ELI, and Beta C titanium. 
Slow strain rate results indicated good environmental cracking resistance 
for Alloy A286 in all environments evaluated.  Rene 41 exhibited a 
hydrogen embrittlement susceptibility when polarized to -1000 and -1250 
mV vs. SCE.  Alloy 925 was susceptible to hydrogen embrittlement at 
-1250 mV and showed a reduced load bearing capacity in freely 
corroding, -850, and -1000 mV vs. SCE environments.  The proving ring 
results showed that the slow strain rate method is valid for assessing 
long-term environmental cracking resistance of fastener alloys. 

INTRODUCTION 

High strength materials that are utilized in Navy fastener 
applications require good hydrogen embrittlement/stress corrosion 
cracking (HE/SCC) resistance as well as galvanic compatibility with the 
components that they are fast3ning.  Alloy K-500 is currently an 
approved fastener material per MIL-S-1222 and is typically used in high 
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strength applications.  Alloy K-500 is, however, known to be susceptible 
to hydrogen embrittlement when cathodically protected (1-3).  Due to this 
environmental cracking susceptibility and to its poor galvanic compatibility 
with noble metal components, alternate fastener materials are being 
considered. A research program assessing the HE/SCC resistance of a 
variety of nickel-base, titanium-base, and iron-base alloys has been 
ongoing for the past three years.  Slow strain rate test (SSRT) results of 
particular alloys have been previously published (4,5).  In this paper, the 
slow strain rate results of three additional fastener alloys will be 
presented.  Specifically, these alloys are Rene 41, Alloy 925, and Alloy 
A286.  Proving ring test data on nickel- and titanium-base fastener alloys 
will also be presented to assess the validity of the slow strain rate 
method in predicting lone-term environment! cracking resistance. 

MATERIALS 

SLOW STRAIN RATE TESTING 

The materials evaluated by the slow strain rate test method 
included Rene 41, Alloy 925, and Alloy A286.  The chemical composition 
and mechanical property data for these alloys is included in Table 1. 

PROVING RING TESTING 
The fastener alloys utilized in the proving ring tests consisted of 

Alloy K-500, Alloy 625 Plus, Alloy 625PH, Ti-6AI-4V ELI, and Beta C 
titanium. The chemical composition and mechanical property 
certifications by the manufacturer for these alloys was reported 
previously (5). 

EXPERIMENTAL PROCEDURE 

SLOW STRAIN RATE TESTING 
Slow strain rate tests were performed using notched tensile 

specimens (5).  Specimens were pulled to failure using a displacement 
rate of 9 x 10"7 in/sec.  Each of the fastener alloys were evaluated in 
conditions of air, freely corroding, and cathodically polarized to -850 mV, 
-1000 mV, and -1250 mV levels versus a saturated calomel reference 
electrode (SCE).  The freely corroding and cathodic polarization tests 
were done in 3.5% NaCI solution.  Duplicate tests were performed per 
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condition on each alloy. After testing, each specimen was removed from 
the test assembly and the fracture surfaces were preserved with plastic 
spray until SEM examination could be performed. 

PROVING RING TESTING 
The proving ring tests utilized the same notched tensile specimens 

as in the slow strain rate tests.  Specimens were uniaxially loaded to the 
90% yield load level based on slow strain rate air tests performed on 
each alloy.  Static load testing was conducted in ambient temperature 
natural seawater with specimens either a) freely corroding or b) polarized 
to -1000 mV vs. a Ag/AgCI reference electrode.  Specimens were tested 
to failure or were removed from test if no failure >-ad occurred after 5000 
hours' exposure.  The unfailed specimens were then pulled to failure in 
air using a 9 x 10'7 in/sec displacement rate, and their fracture surfaces 
were examined in the SEM. 

RESULTS AND DISCUSSION 

SLOW STRAIN RATE TESTING 
Tables 2-4. document the slow strain rate results for Rene 41 

Alloy 925, and Alloy A286.  These tables include the time to failure ' 
maximum load attained, and the air/seawater environment ratio for each 
specimen as well as a summary of the fracture surface appearance after 
the slow strain rate testing. 

The Rene 41 SSRT specimens exhibited predominantly ductile 
transgranular fracture behavior in air, freely corroding, and -850 mV vs 
SCE conditions.  For these specimens, approximately 5% of the fracture 
surfaces contained low ductility areas but no indication of intergranular 
failure was evident. The SSRT specimens tested at -1000 mV vs SCE 
showed a moderate amount of intergranular failure with secondary 
cracking.  The SSRT specimens polarized to -1250 mV vs SCE 
displayed fracture surfaces similar to the -1000 mV specimens but a 
larger amount of secondary, intergranular cracking was present on the 
-1250 mV specimens.  Although intergranular cracking was found on 
specimens polarized at both the -1000 and -1250 mV levels, a reduction 
in the maximum load data versus air was only evident for the -1250 mV 
rpecimens. The degree of secondary, intergranular cracking present on 
the -1000 mV specimens was presumably not enough to show a 
significant reduction in the maximum load attained as compared to air 

The Alloy 925 material behaved similarly in air, freely corroding, 
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-850 mV, and -1000 mV environments. The maximum loads attained in 
all four conditions fell within the same range of values. The appearance 
of the fracture surfaces after slow strain rate testing showed ductile 
fracture combined with secondary, interaranular cracking which 
predominantly occurred at the notch root. This ductile interaranular 
failure mode indicates a reduced load bearing capacity for this alloy as 
compared to a material that fractures in a ductile transgranular mode. 

The Alloy 925 SSRT specimens that were cathodically polarized to 
-1250 mV exhibited evidence of hydrogen embrittlement.  Both 
specimens contained a moderate amount of secondary intergranular 
cracking that was concentrated at the notch root.  The maximum load 
values were also reduced in comparison to the air values. 

Th   Alloy A286 SSRT specimens exhibited good environmental 
cracking resistance in all of the environments evaluated.  The SSRT data 
for this alloy indicated a slight reduction in maximum load for the 
cathodically polarized specimens as compared to air; however, 
examination of the fracture surfaces did not suggest a hydrogen-assisted 
cracking mechanism. The fracture surface appearance of all of the Alloy 
A286 specimens showed ductile transgranular behavior over 95% of the 
surfaces. The remaining 5% of the fracture surfaces contained low 
ductility areas with porosity present around precipitates.  Energy 
dispersive x-ray analysis of these areas showed the precipitates to be 
titanium-rich. 

PROVING RING TESTING 
A comparison of the proving ring and slow strain rate test results 

for nickel- and titanium-base fastener alloys is found in Tables 5-6. The 
SSRT data in these tables was reported previously (5).  With the 
exception of the Alloy 625PH proving ring specimens that were 
cathodically polarized to -1000 mV, all of the proving ring specimens 
were in test for 5000 hours without failure and then were pulled to failure 
in air at a displacement rate of 9 x 10-7 in/sec. The cathodically polarized 
Alloy 625PH proving ring specimens failed after <48 and <120 hours, 
respectively. 

The nickel- and titanium-base alloys exhibited a ductile fracture 
mode for both the proving ring and slow strain rate specimens tested in 
freely corroding conditions. Although some cracking was present on the 
titanium alloy öpecimens, the cracking was not intergranular and did not 
indicate an environmental cracking susceptibility.  The three nickel-base 
alloys tested at -1000 mV all displayed a hydrogen embrittlement 
susceptibility in both the proving ring and slow strain rate tests. 
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Moderate to extensive secondary intergranular cracking was found on all 
cathodically polarized nickel-base alloy specimens except Alloy 625 Plus 
SSRT specimens. The Alloy 625 Plus specimens exhibited isolated 
areas of intergranular fracture concentrated at the notch root. The two 
titanium-base alloys exhibited a ductile failure mechanism under -1000 
mV conditions in both the proving ring and slow strain rate tests. The 
slight to moderate degree of cracking evident on the titanium specimens 
was not intergranular and showed no indication of environmental 
cracking. 

The maximum loads attained on the nickel-and titanium-base 
alloys c"d show some variability between the slow strain rate an"' proving 
ring tests.  !' the freely corroding environment, the maximum loads for 
the nickel-base proving ring specimens were either similar or lower than 
the slow strain rate specimens.  In the cathodically polarized condition, 
the Alloy K-500 and Alloy 625 Plus proving ring specimens were 
consistently lower than the slow strain rate specimens. These reduced 
loads were presumably due to more extensive intergranular cracking 
present on the proving ring specimens, which resulted in a reduction in 
the maximum load attained. The Alloy 625PH material exhibited similar 
maximum loads for both the slow strain rate and proving ring tests, 
corresponding to a similar degree of intergranular cracking present on 
these specimens.  For the Ti-6AI-4V ELI and Beta C alloys, the 
maximum loads attained in both freely corroding and cathodically 
polarized conditions were either similar or lowe: in the proving ring tests 
as compared to the slow strain rate tests. 

In summary, there was good correlation between the proving ring and 
SSRT results.  SSRT results for these high strength fastener alloys have 
typically shown variability in the maximum loads reported and thus, the 
primary criteria for predicting environmental cracking resistance has been 
the fracture surface appearance (5).  Based on the fracture surface 
evaluation of the nickel- and titanium-base alloys, the resistance or 
susceptibility to environmental cracking in the freely corroding and 
cathodically polarized environments was consistent between the slow 
strain rate and proving ring tests. Thus, the accelerated slow strain rate 
test appears to be valid for predicting long-term environmental cracking 
resistance of high strength fastener alloys. 

CONCLUSIONS 

o Rene 41 has good environmental cracking resistance in freely 
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corroding and -850 mV vs. SCE conditions. This nickel-base alloy is 
susceptible to hydrogen embrittlement when polarized to -1000 and 
-1250 mV vs. SCE. 

o Alloy 925 exhibited a ductile interaranular fracture mode in air, freely 
corroding, -850, and -1000 mV vs. SCE conditions; this intergranular 
fracture behavior indicates a reduced load bearing capacity for this alloy 
as compared to an alloy that fractures in a ductile transgranular mode. 
Alloy 925 is susceptible to hydrogen embrittlement when cathodically 
polarized to -1250 mV vs. SCE. 

o Alloy A286 displayed good environmental cracking resistance in air, 
freely corroding, and cathodically polarized environments. 

o A comparison of short-term slow strain rate and long-term proving ring 
tests indicated that the slow strain rate method is valid for assessing the 
long-term environmental cracking resistance of high strength fastener 
alloys. 

REFERENCES 

1.  Efird, K.D., "Failure of Monel Ni-Cu-AI Alloy K-500 Bolts in Seawater," 
Materials Performance, Vol. 24, No. 4, 1985. 

2   Faller, K. and W.A. Edmonds, "The Incentives for Titanium Alloy 
Fasteners in the Navy/Marine Environment," 1991 Ship Maintenance in 
the 21st Century Symposium, American Society of Naval Engineers, 
Virginia Beach, VA, 1991. 

3. Joosten, M.W., and L.H. Wolfe, "Failures of Nickel-Copper Bolts in 
Subsea Applications," 19th Annual Offshore Technology Conference, 
Paper No. 5553, Houston, TX, 1987. 

4. Aylor, D.M., "A Hydrogen Embrittlement Evaluation of High Strength, 
Non-Ferrous Materials for Fastener Application," Proceedings of the Tri- 
Service Conference on Corrosion, Plymouth, MA, 1992. 

5   Aylor, D.M., "An Environmental Cracking Evaluation of Fastener 
Materials for Seawater Applications," Corrosion '94, National Association 
of Corrosion Engineers, Paper No. 484, Baltimore, MD, 1994. 

to 



V.fc-fci 

_o 
"cö 

CD 
c 
0 

■♦-» 
CO 
CO 

CO 

"CO 
XI 

o 
Q. 
O 

CO 
o 
'c 
.c 
Ü 

E 
TJ 
C 
CO 

c 
o 

■(/> 

o 
Q. 
E o 
o 

"co 
o 

'E 
CD 
x: 
O 

I 

LU 

m 
< 
i- 

c 
o 
co co o CM 
c CO r>- T— 

o C\J CM T— 

in 
^9 

r o 

3 

CO 
o o en 

XI <■ r^ LO CD 
(i) CO t ■*t 
cr L. 

^5 

CO 
> ^_^ in LO o 

(/) i— o co .* M- Y— i- 
CM T— 

O 

<n CO CO co 

5 co CO 00 CM ^ o 
CM 

CO If) 

c 
cf 

8 
Ü 

< 

2 
I 
CO 

LL 
in 

1 
Q) 

■a 
o 
in 

8 
O 

< Q
ue

nc
h,

 

A
ir 

C
oo

l 

u 
I e co 

CO co 
X 
CO H

r/
O

il 

6
H

rs
/ 

■D 
C 
n LL 

i 
CO n 8 

O in 
I*« 
01 

LL 
O 

5 
LL 

Ü 
a) 
O 

LL 
O m 

18
00

F
 1

 

13
25

F
 1

 

O •<* o 
m 
CO 

co 
E 
3 o 

LL 

i i 
"2 

c o 
Ü 

I 
o 

< 
lO 

3 

1 
S   o 

c 
0 

CO 
o 
n I 

LL 

LL 

o 
9! Z   .1 

s **— 
E 
o 
ü 

I 
Ü 
O) 

.1 

2 
i- 
CO 

CM 
m  t- 

LL 

0) z o Z 

> 
0) 

"co 
Q) 

5- 
0) X 

in 
CM 
O) ST 

> 

CO 
CD    _ 

< 5 
CO 

c 

CO 

5 
c 
cr 

O .O 

< 
CD o s 

< 
CO 
5 

CO 

c 
CJ 
E 
0) 
I— 

'5 cr 
cu 

CC 
c 
o '^ 
CO 
o 
it: 
ü 
CD a 

CO 

r 
O 
m 

o 
c 
E 

CO in 

LU 

^9 cr- 

C o c 

tj fc 

0) 
ffl" o oo 
CO 

T" 
cr < 

_c 

CO 

>- 
cf- 

c 
E o 

CO 
in 
CO 

CM CO 
T— 

O Jxl 

c 
CO E o o 

5 1^ CO 

"co 
,— *~ 

XL 

c CO o C\J in 
^.1 T— rr 
CO 
Ü 

1^- 
LO < 

o 
(1) 

CO ^ 
2 1— 

CO < Q. 
CO 

< 

CO 
CO 5 CO 

CM 

Cl) CO < 
CO 

c 
CO 
cr 

>< 
_o 

< 

Ir ''FlgürSE** 

fm. or 
«1 yS^l^^^^lpÄ 

7 



? 

t 
3 
w 

h 
IS 

CD 

< 
o 
u 
c 
s 
IS 
o 
Q. a < 

co 

CO 

w 

a) 
15 
i_ 

c 
'(0 
k. 
+- 
CO 

o 
CO 

c 
0) 

OC 
I 

CVJ 

LU 
_l 
m 
< 
i- 

< 
g> 
en 
is 
o > < 

E IT 
3 XI 
E =- 
1 I 

5     £ 
I i 

i- 

O        g>      O 

in 

a 

c 
IS 

ts 
3 □ 

IS 
h. 

o 
a 
o 
c 

•5 
XI 
w 

Ü 
3 

in 

c 
IS 

a 
# 
in o> 

p 9) 
ü 

o 
IS 

t 
3 
V) 

u CD 
CD 9 
0 
c 

o 
IS 

*4 

1 in 
n W 
0) 

s 
a 
CO 
w 
IS 

IS o 

C 

'■§ 
o 
o 

tu 
3 

.    8" 

s a) 
3 

CD 

t 
3 
(A 

C 
o 

■a 
0) 

as 
c 

a 

c 
(3 

5 o 
x: 
I 
js 
3 

8 
0 

Ü 
3 
Q 

IK: 
u 
2 
u 

CD 
o 
c 
3 
XI 

o     g>    6     g> 

in 

a cb 

8 
co 
CM 

3 

a 

in o 

CO 
CM CM 

CM 

co 
iri 

CO 

d o 

P 

o 
ü 
.>. 

CD 
CD 

P 
I w 
o 
u 
.>. 
V 
eg 
k_ u. 

in 

3      S      f     O 

3 
XI 

IS t5 
3 
Q 

IS 

CD CD 

5     2 

CO 

CO 
0) 

CM 
O 
CO 
CM 

co 
co 

> 
E 
8 
T 

> 
E 

5? 
T 

i 
ra 
c 

U 
CD 

c 

Ö 
CD 

CD CD > > « 
c r 
CD 9) 
X X 

LU LU 

0) O) 

CO        CM 
I--' T-' 

o 
CD 

CO 

N 8 
CM CO 
CM       CM 

CM CO in L7S 
O y- 
CM CM 

0) 
CO ■*     cd 

> > 
E E 
S ° 
8 8 
T T 

> 
E 
o 
in 
CM 

? 



Jmm 

CO 

to 
CD 

CO 
CD *-• 
0) 

■*-< 

CO 
1_ 

c 
"CO 
1_ 

■*-■ 
CO 

o 
CO 

LO 
CM 
en 

o 

CO 
LU 
—I 
m 
< 
i- 

sll 
3 « ♦; 
(Du« 
„,    c   C 
2  S   c 

* i'i 
u- <   £ 

_o 
CO 

CU 
D) 
(0 
cu 
> 
< 

E In 
E =- 
* 'S 

w 

c   2 
.fc     3 

U- 

CD 0 *-» ■♦-» 

CO (0 (0 CO CO CO CO CO CO IÜ 
3 3 3 3 3 3 3 3 CD 

o 
0) 
■G 
O C c c c c C C C 

fC CO CO CO CO CO CO CO 
kl k. k. L_ l_ ^ ^ O) D) O) O) D) p> 5? Ol c u. k_ 1 | 
B & B Ä a a B a U) O) 
c c c c c c c c c c 
d> cu 0) o cu d) cu CU o 

c 
CU 

-   E 
|2  8 

> 
c 

LU 

o   o 
3     3 
Q  Q 

o   o 
3     3 
Q   Q 

o   o 
3     3 
Q  D 

I I 

O in rt CM CO CD 
T- «+ in s o T- 
m m in in in in 
CM CM CM CM CM CM 

r-  c- in CM •*   CO 
m ■* r>- in m  in 

o   o 
3     3 
Q   Q 

<   < 

ü   Ü 
O  (3 

o  oo CM m 00 O) en  in 

o o 
en 
O) 

CO 
en 

en 
en 

CM    i- 
o)  en 

h» Tt en CM 
>t CM *t i- 
rf in oo co 
CM CM CM CM 

N.cq        ^  oq 
in  in        in  •* 

D)   D) 
C     C 

rr
od

 
rr

od
 

> > 
E   E 

> 
E 

> 
E 

> 
E 

> 
E 

O  Ü o o o 
o 

o 
o 

o 
in 

o 
in 

cu   cu 
in  m 
CO    CO 

o 
T 

CM 

T 
CM 

T 0)     g) 

Q '1 



WmM^Ä,^ fiftsfejS'i fe^^^Ä^^^i 

■4—1 

13 
V) 
CD 

(/) 
0 

■*-■ 

CD 
■I—» 

CO 
v- 

C 
'co 
v_ 

</) 

o 
ü) 

CD 
CD 

< 

O 

< 
I 

UJ 
_l 
CD 
< 

O) I 1 D) E 
s 

D) 13 ! u> O) s 131 D) 
_J c _l —1 C _l _l C _l .C _i c _) _c _l C _1 C 

E5 a? 15 
o 9? je 

o a? 'ü: 
o <# o a? o a? ü a? o a? 1st 

o a? O ae o in IS in 18 in CS in CS in es in es m es in es in es in CS 

irf
a
ce

 

i A
fte

r ;_" b ;_- b u b ■^ b r- b ■^ b ^j b jj" b b b 
CD CS 

3 
g (8 

3 
g es 

3 g C8 

3 
g 

3 
g (8 

3 
g es 

3 g es 
3 g es 

3 g es 
3 g 

ffl C 0 C 0 C 0 C 0 C 0 C o C 0 C o c o C o J        01 ffl 
er 

(0 c (8 c (8 c 0 c (8 c (8 c es c (8 c es c es c 

Cfl      (8 

5   to 
b> 
10 3 to 

to 3 
to 
V) 3 

to 
10 3 

to 
(A 3 

to 
10 3 

to 
10 3 to 

(0 3 
to 
(0 3 

to 
to 3 

c c J3 C ja C -O. c .Q C J3 c -O. c J3 c £1 c J3 c J3 
(0 (0 01 IS n 10 in <S ui CS in es 10 es (0 es (0 es CO es 10 

ü     Q> 
(0     o. w 

o 

p (8 
CD 

p (8 
CD 

p es 
o P es p CS 

CD 
P es 

CD 
P es 

CD P (8 
CD P es 

CD P CS 
CD 

£ 5" CD 

•«= 
o 
3 

JS 

u 
3 

IS 

o 
3 

es 

3 

0 

o 
3 

es 
O 
3 

es 

3 

es _5 
o 
3 

CS 

u 
3 

es .5 
T5 
3 

es 

Q o o ü Q 
ü 

Q o Q u Q u Q "u Q f     Q 
"o Q ü 

<£ 3 a? 3 a« 3 a? 3 a? 3 a? 3 ae 3 3? 3      S? 3 a« 3 
m XI m "D in XI in X> in "D in XI in ■D m XI in XI in XI 
O) O) o> O) OJ o> Oi CD a> O) 

1 | r*. in co o o co co o 
T- ^— in in ■* iri co N! o o O) O) O) 05 CJ) 05 ^ ^~ 

<D 
h- 0) 
< 10 

üR JD 
3 

8 3 8 s 3 CM 8 3 8 s 
T ■«j- * 1- CO co co co co co 
CVI CM C\J CM CM CM CM CM CM CM 

§ 
E 
'S i 
2 o 

In" 
o sl 
CD 

in N o> *- N- CD co CO in 00 

E 
P 

CD 

2 

co *r iri iri *t in iri iri iri iri 

? c 
c 
0) * 1 > > > > > > 

U) 
E 
c i_ 

k. 

o 
8 
ü 

E E E E E E 

p1 o < < o 
in 

o 
in 

o 
o 

o o o 
m 

o 
m 

*> >< >. °i> «P 
o o CM CM 

c CD CD *j~ *r 'T t" 
UJ CD CD 

Ul 

1 1 i 

/<0 



1 
< 
8 
c 

? 
SS is ia 

CD CD 

CD es S 
es 
es es CS 'S 

0) 
0 es es es B 

0 S eö es es S es 
UJ 
<u 

(0 
CD 
1- 

"3 
c 
CS 

"3 
c 
CS 

00 
c 
CD 

ä 
1 

10 
c 
CD 

i 

ü 
es 

"3 
c 
es 

)D 

"8 "8 
"3 
c 
es 

3 
C 
es "8 "8 

■3 
c 
es 

■5 
c 
es 

.ET 
CÖ 

1 
es 

b 
"8 

is 
"8 

•3 
c 
es 

3 
C 
CS 

is 
"8 

1 

eB 

"8 
l CO 

CD 

« 
to 
DJ 
c 

to 
10 
c 

1 

? 
to 
10 
c 

5 
1 

5 
I 

to 
w 
c 

to 
10 
c 

2 
1 

2 
1 

to 
c 

to 
10 
c 

1 
CD 

1 

2 
to 
V) 
c 

5 
1 

5 
1 

to 
to 
c 

to 
co 
c 0 

> 
o 

CD 
ü C 

'es 
J= 

CS 

jD 

es 

CD 

c 
'je 
o u 

o 
es 

es 

J2 

DJ 
c 

ej 

£ 
Je 
o 

es 

<D 

es 

CD 0 u 

es 

CD 

es 

ffl 

3 

U 
es 

_3 

es 

es 

u 

c 
je 
ü 

es 

5 

es 

.2 ü 

c 
je 
0 

"cö 3 co S3 SS es es Ö S3 es es •43 •J3 (0 es •^ lt LL es es es es 'S    -E 
(D 
C/) 

5 
CD 

co 5 
o 
3 

ej 
3 ü ü ü 

o 
3 Ö ü U 

3 
ü 
3 0 Ö O 

3 
0 
3 O C3 u 

3 ü Ö 0 
3 

u 
3 ü O O      CD 

CD 

3 
ü 

s 
it 

0 
co 

Q D <D O Q O C3 O Q C5 C3 O Q O O g D Q O g Q-    3 

zz     es 
ü     0 

V 
O CO CO CD r-- in ,- co o m co (0 co co co co co * in in 0 0) ^r r>- 

S      3 
0    a 

'c o DJ CO r- co f~- o co T in r^ ^ T— 0 in CO co m in CM co CO TJ- ■a     CD 

S       CD 

E 3 
to 

8 CM 
CM 
CO 

m 
o 

in 8 co 8 s 8 in 
CM 8 K in 5? cn 1 1- 

10 
CM 
05 8 k_ CO CM CO co o o 5> r^ 05 r-~ 0) co CO co co co iö m 00 CD •0- TT S     5 o ^ C\J ",— *" CM CM T— ^~ OJ CM 

■^ ■*" CM CM CM CM CM CM CM CM CM CM CM 

(/) s in 
9) >     es 

*-J 2 is es     CD 
=J co CD      k, 

W w     iö 

2   8. 
3       X 
s   • 
C        V) 

■*-» 8 es in 3 CM CO 
CM 8 CM 

in 
O 5 s S § s CM § 8 * 

CM 
* 
CM CM S 8 

(D 
■«-• 

0) 
03 

o r*- 10 CO in in co ^ in co co co <r •>}• 0) CO CO 0) 05 r*. CM O 0 c     3 
—     0 

CD     £ i "J5" 
CM CM *" ^" CM CM OJ CM co co CM CM CO co CM CM CM O 

CO 
O 
CO 

co CO CO CO 

E 

s 
2 0 

V)      O 

8- 'f C CD    a 
"co j!    0 
l_ 

1    J 4—» 

5 
o +* ? E5 

c c 
O) 
c ? ? ? 0) 

c ? O) 
c 

0)      (0 

ü    3 

CO 
c 
CD 

E 
c 
0 

1 1 > > is 1 > > 1 t > > I ? > > 3 > > 1 71 > > CD      CD 

■D 
c 15 

o 5 
ü 

E 
o 
o 

E 
o 
o 

s o S 
ü 

E 
o 
o 

E 
o 
o 

5 
O 

S 
ü 

E 
0 
0 

E 
0 
0 

b 
0 

5 
ü 

E 
0 
0 

E 
0 
0 

ö 
0 

E 
0 
0 

E 
0 
0 

b 
ü 

b 
0 

E 
0 
0 

E 
0 
0 

to     g 
CD      S 
^     to 
to     c 
3     g 
0   M 

ca "> >< >. o o >. >. o o >. >. 0 0 >. >. 0 0 >< 0 0 >, >, 0 0 

O) 
c 
Hl 

CD 
CD 

CD 
CD 

T T CD 
CD 

CD 
CD 

T T CD 
CD 

CD 
0) 

T T CD 
CD 

CD 
CD 

T T CD 
CD 

T T 0) 
CD 

CD 
CD 

T T 
c it lt lt lt lt lt lt Lt lt lt lt 

10 
•c 
O) 

"8  ■£ c 
's "8 

CD 

2 

? 
er 

? 

es 
er 
c 

"5 
j= 

? 
er 

? 

5 
es 
er 
c 
'5 
Ja 

O) 
c 
er 

CD 

0 
er 
c 

"5 
Ja 

es    0) 
co    •£ 
v s 10     u. 

UJ 
-J 

to 
CD 
1- 

'> 
o 
et i 

o 

> 
0 

et 

CO 

5 
0 

> 
0 
et 

CO •Z     £ 
OJ    0 

DQ co co co 1 5 
< ■ 

.£     ejj r— 

10 ■0    «. 

5 

o 
o 

3 
0. £ CD      OJ 

'5   < 
2 in 

CM 

in 
CM 
CO i s 

'S >. CO CD     > 
2 o 

0 

< 
0 E    E 

< < ü   0 
CD     0 
□.    0 

CO      v « 

// 



w 
3 
co 
CD 

"55 

a> 
"co 
i_ 

c 
'(O 
L_ *-» 
co 

■u c 
CO 

_c 

O) 
c 

■> o 

i 
LU 
_J 
CO 
< 

O)   OJ  O   OJ if c  c   c 
k. 

OJ  OJ  O)   QJ c  c  c  c 3 ? ? ? OJ   OJ   OJ  OJ 
c   c   c   c 

co 
3 fc ? ? OJ     (Ö    <Ö     <fl 

t_     h_     i_     k- 
'S.   '3.  '3.  2 
o   o   o   o < 

C   -P 

<B    <Ö    W    A3 
k_     k.     I_     t_ 

ü ü Ü o 
^rf      4>"      4-1      •«-• <3 « 0    CO 

Ü O ü Ü 
©   ©   o   © 
(8   (ö   cö   (d 

CO    co   co   CO 
k.         k_         k.        k. 
u   u   u   u 
♦J    +*    +*    ■•-• 
ü   JI   JZ   JZ 

CO    "> J: ^: j= JZ 3 3 3    3 ©   ©   ©   © OJ   OJ   OJ   OJ 

« h- 

Q.   <8 

03   0)0   03 

(rt    (rt     (rt     (^ 

C 
2 
OJ 
V) 

c 
E 
OJ 

c   c 
2  2 
O) a 

333"8 
CO     CO     CO     CO 

<   DC c c c   c cu   co   co   co 3 3 3 3 (S eo CO     CO cl    CO   to   a] 

8 — c   c   c   c k. (U    gj    CO    CO < < < < 
<8    <8 2  5   5   2 

O)   03   O)   O) 
«    en    «    (/) 
c   c   c   c 
d   to   (0   cfl 

1- 

o 
3 

o 
3 

o   u 
3    3 

<   <   <   < 
T3   "O   TJ   T3 
It    «    «1    « 
o   %   %    a) 

■O   T3   TJ   TJ 
BBSS 
'S 'S   e 'S 
ü    Ü    o   o 
(Q     (0     (0     CO co  o 

5 w 
t—      W      h-      k- 

H-  1-  1-  1- D a Q  Q Ü    o   Ü    o 
CO    CO    (0    CO 

LL   LL   LL   LL 

o JD _co _co  _g> LL   LL   LL.   LL _o* ö a   a 
n *3    '^5    *P    *P 

o   o   o   o Ö   Q    (S   ® Ü     U     O     Ü 
LL 3    3    3    3 

Q Q  Q  Q 
'■P    '^Z    '^>    "^ 
Ü     O     U     Ü 
3    3    3    3 
Q   O  Q  Q 

3     3     3     3 
a Q Q Q 

in  to  oo  eo CO t co  co oj CM oo in s CM n s 
CM    CM    CO    r- 
in  co  rt  f ■<!■ 

CM 
CO S 8 S  S rt  cS CM   rt   5   S 

£, f oo  *-  T-  o N in t   0) CM    CM   OJ    CM CO    CO    CD   CO 
T- r-  N  r» O CM CO    CM co  i-  in  o i-     O     O     T- 

3    & CM     T-      T-      T- CM CM CM   CM i-   CM   r-   CM CM   CM   CM   CM 

- s 
S    4) 
"*  CO 

03   CM   CO   03 CM V O   O co o in OJ MO   O   O 
CO   *-   O   OD •* h. t   CO 0)  i- m N OJ   T-   CO   o 
CD i- T- a in N CO   N OJ   CO   OJ   t io in in s 

E "3" CM   CM   CM   CM CM CM CM   CM T-    CM   T-    CM CM    CM   CM   CM 

3   .Q 
E =- 

S  3 
2.2 

*-» ?? OJ 
c 

o> 
c ?? L?k? 

c 11   >> ■g 3 >   > "8 E> > 1 1 >> £ t  fc  E  £ k. 
k. 

k> E  £ t  t  E  E fc  t  E  E 
c 
0 <Sü88 

o 
O 

0 
Ü 8 8 c3 cS 8 8 ü<388 •^ >. >. o o >. _>s o o >. >. o o >> >. o o 

c o i) Y T (U co T T o i) T T CO    CO   T   T 
LU a>   a> CO CO co   co    '     ' eo   co 

k_      k_ k. k. k-         k. 
li_   Li. LL LL LL   LL LL   LL 

CD 0 +* •** 
S P CD 

cr 
OJ 
c 

CO 
cr 

£ ir c ir c 
co 
2 ? (8 P CO 

is ** > CO > co 
a> 0 

k. i 0 
k- ? 

h- a. 0 

CO 

a. o 
CO 

I] 
1 LU 

> O 

a 
2 ! 

5 
CO 
m 

'•• A? 


