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by cavitation is an important factor in the proper 
operation and maintenance of hydraulic structures. 
Because steel and concrete cannot always wit'etand 
the extreme forces of cavitation, i t  frequently becomes 
necessary to  investigate different coating materials 
which possibly can withstand these forces and at the 
same time be field applied to the steel and concrete 
surfaces. It is for t h i s  reason that a cavitation test of 
protective coating materials for steel and concrete was 
initiated. 

51/2-inch (9.89-cm) by 10-hch (25.4-cm) ;eel and 
concrete substrates. The substrates were freshly 
sandblasted steel and concrete, cavitated concrete, and 
epoxy patched concrete and steel. Table 1 lists the 
types of material tested, type of specimen coated, 
method of application, surface preparation, aiid 
thickness. 

In  each case component mixing and coating application 
were as directed by the manufacturer. 

Since the degree of cavitation can vary from that which Each of the laboratory specimens was tested in a 
causas very little damage to  the steel or concrete to Venturi-type apparatus shown in Figures 1 and 2. 
that which causes major damage and wen failure of Velocity through the machine is about 90 fpsj27.4 
that portion of the structure, a variety of coating mps), producing a mild to moderate. cavitation 
materials have been tested for their resistance to environment. The machine.~pr~duces noticeable 
cavitation damage. These tests are conducted for many cavitation damage in. good concrete in 3 hours of 
hours i n  a Venturi-type apparatus with periodic operation. it ~ i i l - d & r o ~  a good protective coating on 
evaluation of performance. The velocity through the steel, such as a six-coat vinyl resin system, in 7 hours. 
thruat is about 90 fps (27.4 mps) and produces a mild In  the preliminary tests, no cavitation damage through 
to moderate cavitation environment. 40 hours was considered good performance. Later, to 

:I obtain a wider spread in performance, 250 hours 
For readers of this report who are not familiar with exposure was arbitrarily set as a maximum time for 
cavitation phenomenon, excellent presentation -,,. i s  given testing any one material. The few materials Nitaining 
by Rouse.' e.ssentially no damage for this period were considered 

1: to have good performance under mild cavitation 
\.!, 

',?.>>, 
conditions and were scheduled for further testing in 

MATERIALS the field. In  addi!ion, t r ~ o  specimens were tested 
several hundred h o h  beyond this stopping point to 

Some 71 differentHye,cimens were tes ted .The  evaluate fatigue and long-term perfopance. 
materials tested .were dlvijed into 21 categories: (1) 
neoprenes. (2) epoxy polyamides, (31 phenolic =4 

modified phenolic. (4) -epoxy polysulfides. (5) TEST RESULTS 
sand-filled epoxy polyamides, (6) epoxies, (7) 
steel-filled epoxy polyamides, (8) sand-filied epoxy A summary of test results is shown in Table 1 in the 
polfsulfide. (9) sand-filled epoxy, (10) polysulfides, Appendix. Figures 3 through 74 are a photographic 
11 I ) ,  polyurethanes, (12) epoxy modified phenolic. record of each material's performance. 
(13) coal-tar epoxy, (14) vinyls, (15) steel-filled epoxy, 
(16) polyester filled with chopped fiberglass. (171 1. Neoprenes 
epoxy polyurethane varnish, (18) neoprena.urethan-2 
rubber, (19) gum rubber. 120) chlorinated polyether, Two different nwprenes were applied to eight steel 

and concrete specimens. Neoprene 1 was applied to 

Wiley & Sons, Incorporated. N.Y., 1950. 



61, 62, and 63. Specimen No. 63 which was applied gave good performance over 100 hours before failing at 
over a welded stainless steel patch and was tested for 117 hours. The other specimensfailed in 7 to 21 hours. 
2,000 hours. The neoprene was still in excellent These are Specimens No. 32, 33, and 34-1 and Figures 
condition. See Figures7 through 10. 47 through 50. 

2. Epoxy Polyarnides 8. Sand-filled Epoxy Polysulfide 

Eight specimens of epoxy polyamides were tested on Specimen No. 42T, a sand-filled epoxy polysulfide 
corcrete and steel substitutes. The specimens tested applied to concrete failed in 7 hours' testing. See 
were No. 2, 2T, 3, 3T. 5T. 6T, 23, and 30. Specimen Figure 51. 
No. 2 failed after 70 hours,.ZT failed after 63 houn, 3 
failed after 14 hours, :'f.Tailed after 49 hours, 5T 9. Sand-filled Epoxy 

.., 
failed after 7 hours, 6T failed after 7 hours. 16 fai:ed 
after 21 hours, 25 failed after 71 hours, and 30 failed Specimen No. 10T. a sand-filled epoxy applied to 
in 21 hours' testing. Specimens No. 2, 3, and 25 are the concrete failed in 14 hours' testing. See Figure 52. 
same epoxy polyamide: 5T and 6T are a second epoxy 
polyamide. See Table 1 for substrates and Figures 11 10. Polysulfides 
through 18 for types of failures. 

.i Two specimens coated with polysulfides were tested. 
3. Phenolic Modified Phenolic G The specimen numbers are 43 and 50. Specimen No. 

., .. 43 was tested for 224 hours and showed little wear. 
Two specimens of phenolic modified phenolic were Polysulfide Specimen No. 50 failed in lea than 36 
tested. These are Specimens No. 8 and 24. Both hours. Figures 53 and 54 show these polysulfides. 
specimens failed in less than 21 hours. See Figures 19 
and 20. 11. Polyurethanes 

4. Epoxy Polysulfides Polyurethanes were used to coat four stmi and 
concrete specimens for test. The specimen numbers are 

Six specimens coated with epoxy polysulfides were 51, 51T, 52. and 60. Specimens No. 51, 51T. and 52 
tested. The specimen numbers are 7.7T. 9.9T. 41, and were vulcanized and did not prove satisfactory. 
46. All these specimens were stopped after 7 t o  14 Specimen No. 60 has given very good performance 
houn' testing. See Table 1 and Figures 21 through 26 through 250 hours. Thisspecimen was tested to failure 
for exposure times and types of failure. which was 1.738 hours. See Figures 55 through 59 for 

types and times of failure. 
ed Epoxy Polyamides 

12. Epoxy Modified Phenolic 
i _ _,Anens coated with sand-filled epoxy 

polyamides performed unsatisfactorily. Specimen No. Two specimens coated with epoxy modified ?henolic 

failure. of failure. 

6. Epoxies 13. Coal-tar Epoxy 

ome 18 specimens of steel and concrete substrates One coal-tar epoxy was applied to steel substrate. The 

.,-+&men numbers are 12, 12T. 13T. 19, 19T. 22, 23, 14. Vinyls 



15. Steel-filled Epoxy 

One steel-filled epoxy, Specimen No. 53, was applied 
on steel. It failed in 119 hours' testing. See Figure 66 
for appearance. 

16. Polyester Filled with 
Chopped Fiberglass 

Specimen No. 54, polyester filled with chopped 
fiberglass was unsatisfactory as it failed in 38 hours. 

17. Epoxy Polyurethane Varnish 

Specimen No. 68, epoxy polyurethane varnish applied 
to concrete substrate failed in 8 hours. See Figure 68 
fordetails o f  failure. 

18. Neopreneurethene Rubber 

~ h r &  specimens had gum rubber o f  three thicknesses 
bonded to them by  an adhesive. These aro Specimens 
No. 70, 1/16 inch (0.16 cm): 71, 118 inch (0.32 cm): 

had delamination failure in  126 hours on cne edge. See 

1. The ability of material to protect concrete or 
steel against cavitation depends upon selection of a 
suitable coating and also obtaining good 
workmanship in the application. Sharp corners or 
edges on the substrate to be proxected should be 
bevelled, and a uniform, smooth-coated surface 
should be obtained for best resistance t o  the 
cavitation forces. 

2. A liquid-applied neoprene, listed as Neoprene 2, 
showed excellent protection t o  steel and concrete 
substrates. One of four specimens was tested for 
2.000 hours and was still in excellent condition. A 
second liquid-applied neoprene, listed as Neoprene 
1, showed good protection t o  substrates. One of the 
four similar specimens tested had edge failure in 42 
hours, while others did not show failure. 

3. A particular polyurethane showed good 
protection t o  steel for nearly 1,700 hours, yetthree 
other vulcanized polyurethanes failed after a 
several-hour exposure. 

4. One s ~ r a v a b l e  neoprene-urethane blend 
demonstrated good performance for 250 hours with 
only minor pitting of the surface. 

5. Many epoxies, modified phenolics, epoxy 
polysulfide, epoxy polyamides, polysulfides, and 
other similar materials proved to have questionable 
or little cavitation resistance. 

APPLICATIONS 

The 'results of these tests are applicable to many 
situations. Cavitation environments ' exist in some 
hydraulic machines and structures varying from mild t o  
severe. Application o f  Neoprene 2 in conjunction with 
one or more of the surface repair andlor preparation 
techniques stcdied has reduced cavitation damage in  
turbines, outlet structures, and other hydraulic 
pressure systems. Field performance, to be reported --- 

'-'?separately, indicates that this material, ~ e o ~ r e n e  2, is 
effective in  protecting against damage in moderate to 
severe environments. 

. ,. , ,/ 



Performance 

* 

failure an one end; 42 hours, failure. 

After 7 hours, few pinpoint holes: 42 

>ecame loose. 

Concrete Repaired cavi- Afterl,.hour, a few pinpoint holes: 35 
tation damage hours;,epoxy pitted off on top left 

comer and lower edge: 63 hours, a crack 
occurred on downstream side of specimen 
and pitted ereas enlarged to failure. 

,.., 

Concrete Sandblasted Failed in 14 hours., A poor finish may 
have caused early'failure. 

*:~ 

Concrete Repaired cavi- After 7 hours, a few pinpoint holes; 28 
tation damage hours, slight enlargement and increase 

in pinpoint holes: 42 hours, epoxy 
chipped at upper end; 49 hours, epoxy 

* Concrete Sandblasted After 7 hours, the epoxy failed. 
Brush 



Table 1 - Continue 

H a t e r i a l a  Performance 

polyamide ~. 

Sandblasted 

t a t i o n  damage 

Sandblasted Failed a f t e r  7 hou 

Concrete . Repaired cavi- Failed a f t e r  7 hours. 
t a t i o n  damage 

Concrete Sandblasted 

Repaired cavi- . Failed i n  7 hours, 75 percent Of epoxy Concrete 
t a t i o n  damage eroded off .  

10T Sand-filled epoxy 

Concrete Repaired cavi- Many holes occurred i n  the f i r s t  7 hours 
t a t i o n  damage of t e s t . '  Failed i n  14 hours t e s t .  

! i 

1 Concrete Repaired cavi- Developsd many holes i n  f i r s t  7 hours 
Trowel t a t i o n  damage of t e s t .  Failed i n  2 1  hours. 





Subat ra te  Surface 
prepara t ion  

Co~rcrete Repaired cavi- 
t a t i o n  damage 

S t e e l  Sandblasted 

. S t e e l  Sandblasted 

S t e e l  Sandblasted 

S t e e l  Sandblasted 

S t e e l  Sandblasted 

S t e e l  Sandhlasted . 

I Performance 

A few pidpoin t  ho les  occurred in f i r s t  7 
hours: the ha l e s  had become more pro- 
nounced by 28 hours t e s t i n g  and 
enlarged by 36 hours; holes penetrated 
through t o  base specimen by I n  hours 
causing p a r t i a l  f a i l u r e .  

Coating badly p i t t e d  a f t e r  7 hours t e s t i n g ;  
f a i l e d  i n  14 hours t e s t i ng .  

S ix ty  percent  of epoxy eroded sway i n  
21 hours of t e s t i ng .  

I i  

Ihmber of pinpoint  holes occurred i n  f i r s t  
7 hours;  increase  i n  s i z e  and depth throng11 
23 hours;  a l a rge  hole developed i n  middle 
of specimen a t  28 hours; f a i l e d  a t  35 
hours. 

P i t t i n g  of top  coa t  shoved i n  f i r s t  
14 hours;  f a i l e d  i n  21 hours. 

A f t e r  7. 14,  and 21 hours l i t t l e  o r  no wear: 
a few p inpoin t  holes showed a t  28 hours;  
a t  50 hours pinhole holes were pronounced; 
a t  71 hours enlarged i n  s i z e  and depth. 

Showed good performance through 250 hours 
t e s t i ng .  





Performance 

Sandblasted A la rge  hole appeared t o  s t e e l  i n  f i r s t  7 

Concrete Sandblasted 
epoxy p o l y d d e  Trowel 

ground swroth 

Concrete Repaired cavi- . .S l igh t  de ter iora t ion showed a f t e r  1 hour 
t a t ion  damage, test ing: a large  hole developed a t  7 houra 

causing f a i lu re .  

I Stee l  Sandblasted After 7 hours t e s t i n g  only small pinpoint 
holes were v i s ib l e :  be,came more pronounced 
a f t e r  1 5  hours. 

,~ 

Sandblasted No evidence of damage a f t e r  7 hours test ing;.  
coating tes ted  only 14 hours. 

! i 

,', 



Coats and 
method of 

app l i ca t i on  
.,. 

':L i+< 
. r,:~= 

Brush 

1 
ground smooth 

3 
Brush 

Thickness 

* 

Subat ra te  

S t e e l  

Concrete 

S t e e l  

Surface 
prepara t ion  

Sandblasted 
,L, 

Sandblasted 

Sandblasted 

*. - , - 

Performance 

Af ter  7 hours, a f w  pinpoint  holes occurred; 
a f t e r  14 hours, a few new pinpoint  holes 
occurred. 

~ e s t e d  only 7 hours,  appeared good. 

Tested 224 hours end shoved good 
performance. 

I 44 EPOXY 2 * S t e e l  Sandblasted Tested only 7 hours, a few holes were v i s ib l e .  
Brush 

1 
Trowel 

S t ee l  Sandblasted Showed l a r g e  a r e a s  05 damage a f t e r  7 hours. 

6 12-14 S t e e l  SandblasteG-! Af ter  7 houra, a few pinpoint  holes occurred 
i n  middle of specimen; a t  15  hours an 
i nc rea se  was v i s i b l e :  f a i l e d  a t  18 hours. 

6 12-14 S t e e l  Sandblasted No v i s u a l  damage a f t e r  7 hours,  test not  
continued. 

~ - .  - ..~ .. . ..:-~ 
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Coats and 
Specimen Material method of Thickness 

No. type application mils 

- 
Polyester f i l l e d  Hfg. applied 

with chopped 
f iberglass  

4 40-45 
Brush . > 

Flexible epoxy 1 
Trowel 6 

compound \L I /  

1 2 
Rruah 

Polyurethane 2 50-60 
BNSh 

. 

14 65-70 

Substrate Surface Performance 
preparation 

S t e e l  

S tee l  Groove cut  i n  
cold-rolled 
s t e e l  and 
s t a i n l e s s  
s t e e l  weld 
patch 

s t e e l  Sandblasted 

S t e e l  Sandblasted 

I !, 
,., Sandblasted S t e e l  , ~ --- 

- ..--', 

concrete Epoxy mortar 
patched 
sandblasted 

After 38.9 hours, holes through t o  s t e e l  
causing f a i lu re .  

After 63 hours, coating appeared excel lent ;  
a f t e r  252,hs!e?s the neoprana stiil 
appeared excellent .  

Af ter  8 hours tes t ing .  33 percent of the  
f l ex ib le  epoxy had peeled off .  

After 2 hours, damage through zinc t o  &ree l  
aubstrr.ci causing f a i lu re .  

No s ign of deter iora t ion a f t e r  7 hours: 
s t i l l  no sign of deter iora t ion a t  176 
hours; material  appeared excel lent  a f t e r  
250 hours; a t  650 hours edge deteriora- 
t i o n  was v i s ib l e :  a t  890 hours edge 
deter iora t ions  enlarged; 1,200 hours, the  
edge deter iora t ion continued t o  enlarge; 
a t  1,506, edge deter iora t ion was on a l l  
edges, a t  1,738 hours, holes t o  s t e e l  i n  
middle of coating. Test stopped. 

Appears excellent  a f t e r  250 hours. 



Performance 

P l a s t i c  s t e e l  No damage a f t e r  124 hours. 
patch No damage a f t e r  251 hours. 
sandblasted 

S t a in l e s s  weld No damage a f t e r  254 huurs. 
r e p a i r  No damage a f t e r  2,000 hours. 
sandblasted 

* S t e e l  S t a in l e s s  weld Failed a f t e r  4 hours. 
r e p a i r  

Mfg. applied S t e e l  S t a i n l e s s  weld Onc damage spot  1-114 inches by 112 inch 
fused coating r e p a i r  t o  s t e e l  a f t e r  12  hours. 

One l a rge  damage a r ea  3 inches by 
314 inch t o  s t e e l  a f t e r  16 hours, 
f a i l ed .  

Mfg. applied S t e e l  S t a in l e s s  weld One l a r g e  damaged a r e s  t& s t e e l ,  3 inches by 
fused coa t ing  r e p a i r  314 inch a f t e r  8 hours. 

Mfg. applied S t e e l  S t a i n l e s s  ve ld  Cavitat ion damage shared up i n  the f i r s t  4 
fused coating r e p a i r  hours. 

Fai led a f t e r  6 hours damaged areas  4 inches 
by 1 inch. 

Concrete Sandblasted Cavitat ion damage was evident  a f t e r  4 hours. 
Damage i n t o  the  concrete 10 by 1-112 by 
l l l h  - 114 depth a f t e r  8 hours. 

* Not ham. 
** Thickness not  determined. 

2 
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Fqure 8. Specmen No. 61-Neoprene 2 
coatmg over epoxy patches on a concrete 
substrate before test. Photo PX.D.67948 







A. Epoxy before test. Photo PX-D-25528 8. After 70 hours. scoured area in the middle 

of the specimen was enlarged, few cracks 

occurred in that vicinity and the epoxy became 

loose. Photo PX-D67951 

Figure 11. Specimen No. 2-Epaxy polyamide 







A .  Epoxy polyamide before test. Photo 0. After 49 hours. cavitation had chipped away 
PX-D-25532 a large area at the top and scoured the middle 

of the snded fillet epoxy to  failure. Photo 
PX-D.25534 

Figure 14. Specimen No. 3T-Epoxy polyamide. 







A. An epoxy polyamide before test. Photo 8. After 71 hours. the epoxy showed ptnpolnt 

PXD.67962 hc%s in the center of specimen. P h ~ t o  

PX-D.67963 

\ ' ~  

,?, 

Figure 17. Specimen No. 25-Epoxy polyamide. 





A .  Phenolic modi f ied phenolic before 6. The phenolic madifiedphenolic failed after 

exposure. Photo PX-D-67966 14 hours testing. Photo PX-0.67967 

Figure 19. Specimen No. 8-Phenolic mdif ied phenolic. 





A. Epoxy before exposure. Photo PX-D-67S70 B. Epoxy failed after 7 hoursof testing. Photo 
PX-D-67971 

Figure 21. Specimen No. 7-Epoxy polysulfide. 



A. Epoxy before test. PX.D-67972 8. Epoxy failed after 7 hours of testing. 

PX-D-67973 

Figure 22.Specimen No. 7T-Epoxy polyrulfide. 



A. An epoxy crack sealer before test. Photo 0. The epoxy crack sealer failed after 7 hours 

PX-D67974 tmting. Photo PX.D-67975 

Figure 23. Specmen No. 9-Epoxy palyrulfide. 

. 













A .  Epoxy resin before exposure. Photo 
PX-D-67986 

Figure 29. Soecimen No. 12 

6. After 7 hours testing 95 percent of the 
finish coat war peeled off. Photo PX.D-67987 



0 .  The size of the damage area enlarged causing 
failureof the epoxy resir: after 42 hours testing. 

Photo PX.D.67989 





trowel-on epoxy that was ground smooth: 0 .  After 50 hours, damage has continued to 
e testing. Photo PX-D.67992 the bare specimen causing partial failure. Photo 

PX-D.67993 

Figure 32. Specimen No. 19-Epoxy. 
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A. A trowel on epoxy that was ground smooth, 

before testing. Photo PX-D-67994 
6. After 50 hours, the holes had cut through to 

base specimen. resulting in partial failure. Photo 

PX-D-67995 

Figure 33. Specimen No. 19T-Epoxy 





A. Epoxy casting before test. Photo 6. After 35 hours, the epoxy showed failure. 
PX-D-67998 Photo PX-0-67999 

Figure 35. Specimen No. 23-Epoxy. 

. - ./. 









Figure 39. Specimen No. 36T-Epoxy resin 
before test. Photo PX-D68006 







,. .. .L. . ,.., . . . ,. .. . . . . . . . 

'c! 
A .  F l e x i b l e  epoxy before test. Photo B. After 8 hours, 33 percent of the flexible 
PX-D-68W9 epoxy had peeled off. Photo PX-0.68010 

Figure 42. Specimen No. 56-Flexible epoxy patching compound. 



A. Epoxy over stainless weld patches on steel, 6. After 4 hours, the epoxy was eroded away 
before tent. Photo PX-D-68011 to the steel in the middle of the specimen. 

Photo PX-D.68012 

Figure 43. Specimen No. @$-Epoxy. 



A. Fused epoxy coat~ng over stamless steel 5. After 16  hours. the hole in the epoxy 
weld patches on steel rubstrate, before test. coating had enlarged to 4-112 by 1 inchesand 
Photo PX.D.68013 caused failure of the coating. Photo 

PX-D-68014 

Ftgure44. Spclmen No 65-Epoxy. 



A.  Epoxy coating over steel substrate which 
had severe 118-inch holes, 118 inch deep drilled 
in i t  before test. Photo PX-0-68015 

Figure 45. Spec~men No. 73 

B. After 2 houn of testing, holes in the middle 
of the specimen to steel caused failure of the 
epoxy coating. Phcto PX-D-68016 



A. Epoxy on concrete substrate before test. 
Photo PX-D-68017 

$,., 
'I i < ,/' 
, .* 

Specimen No. 74- 

B. After 15 hours, a long damaged area to 
concrete developed down the middle of the 
specimen causing failure of the coating. Photo 
PX-DS8018 



A.  Steel-filled epoxy polyamide before test. B. After 117 hours testing, holes nearly to bare 

rurface ground, but a few holes rema~ned. specimen had caused partm fallwe. Photo 

Photo PX-045758 PX-D-45759 

F~gure 47 Specmen No. 31-Steel fllled epoxy polyam~de. 











A. A snd-filled epoxy before exposure. Photo 

PX-D.25530 

6 .  The epoxy developed many holes in the 
center of the specimen after 7 hours testing, 
and failed in 21 hourr. Photo PX-068027 

Figure 52. Specimen No. 10T-Sand-filled epoxy. 



A. A polysulfide before exposure. Photo 6. After 224 hours. the polyrulfide rubber 

P X - 0 4 5 7 5 4  showed little wear. Photo PX-0-45755 

,-. 

'! Figure 53. Specimen No. 43-Polysulfide. 
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A . ~ ~ o l ~ s u l f i d e  coating before test. Photo 

PX.D.68028 

B. After 12 hours, two holes havedeveloped to 
concrete causlng failure of caatlng. Photo 
PX-0-68029 

, 

Specimen No. 50-Polysulflde. 



A. A polyurethane on concrete before test. 
Photo PX.D.68030 

Figure 55. 

e 

0 .  After 98 hours, the rubber coatlng 
continued to peel from top end, fadure of the 
rubber faatnng Photo PX-D-68031 

Specimen No. 51-Polyurethane. 



A .  A polyurethane before test. Photo 0 .  After 11 hours, large holes developed to 
PX-D.68032 base concrete causing failure of the rubber 

coating. Photo PX-D.68033 

Figure 56. Specomen No. SIT-Polyurethans. 

- . 



A. Two rubber coatings, one on the left half 6 .  The rubber coating on the right completely 

and the bther on the right half before test. failed in 2.5 hours. Photo PX-D-68035 

Photo PX-D68034 ,-., .. , -. 

... Figure 57. Specimen No. 52-Polyurethane. 
,! 



A Polyurethane hefore  test.  Photo 
PX.D-68036 

Figure 58. 

- 
6. After 650 hours testing. deterioration fa the 
top and bottom edger had occurred. One 
damaged corner from storage 2efore restarting 
of rpsimen which had been testing250 hours. 
Photo PX-0.68037 

olyurethane. 



A. After 1,200 hours. the damaged edges area 

~ncreared in size Phoro PX-048038 

Specimen No. 60- 

0.  After 1.738 hours. damage in rile upper 
center of the coating to the bare steel speclmen 
occurred and test war stopped Photo 
PX-D-68039 





A. Epoxy mdl f#ed  phenolic before exposure. 6. The epoxy modified phenolic had peeled 

Photo PX.D-68042 from the steel and fadedafter 14 hours testing. 
Photo PX-D-68043 

Ftgure61. Specimen No. 21-Epoxy rnodlfied phenolic. 



A. Coalmr epoxy before exposure Photo 
PX.D.32116 

8 .  The caaktar epoxy war damaged l o  barn 
specmen and tadurz aftel 14 hours Icrtlng 

Photo PX.D-32117 

Figure 62. Specimen No. 29-Coal.tar epoxy. 



Figure 63. Specimen No. 47-Vinyl IVR-6 with 
aluminum seal coati before test. Photo 
PX-D-68045 



,/ 

Figure 64. Specimen No. 48-Vinyl coating 
" 

IVR.6 with a gray real marl before exposure. 

Photo PX.D.68046 



A .  Fused vinyl before exposure. Photo 
PX-D.68047 

Figure I cimen No. 66 

B. After 8 hours, a hole 4 by 1 inches to steel 
war evident through the fused vinyl coating 
causing failure. Photo PX-D-68048 





A. Polyester filled with chopped fiberglass 6 ,  After 38.5 hours. the holes cut through to 

before test. Photo PX.D-68051 the steel causing failure. Photo PX-D-68052 

. . 
Figure 67. Specinlen No.54-Polyester filled with chapwd fiberglasr. 



A.  Epoxy polyurethane varnish an concrete 6 .  After 8 hours testing, the polyurethane 

~ubstrate, before exposure. Photo PX.D-68053 varnish WBZ pitted away in the middle of the 
specimen causing failure. Photo ~ ~ . ~ - 6 8 0 < 4  

Figure 68. Specimen No. 68-Epoxy polyurethanevarnish. 







A. Tan gum rubber one-eighth inch thick on 
steel substrate before t e n  Photo PX-D-68059 

B. After 11  hours of tening bond failure 

between steel, adhesive and rubber occurred. 
Photo PX-D-68060 

--. 
/ c -  ,. Fkure71. Specimen No. 71-Gum rubber. 

, i 1  



A. Tan gum rubber onefourth inch thick on 

see1 substrate before ten. Photo PX-0-68061 

Figure,:..!. 

E. Af te r  126 hours of testing. bond, 
delimination and peel caused the failure of this 
gum rubber.,Flap shown raised and clampedto 
i l lustrate disbond and tearing. Photo 
PX-D-68062' 

Specimen No. 72-Gum rubber. 



A Coating over Rainless weld patches before 0 .  After 6 hours, the holes bwarne one long 
test. Photo PX-D-68063 eroded area down the mlddle of the specmen, 

4 by 1 ~nches Photo PX-D.68064 

Figure 73 Specmen No 67-Chlorinated polyether. 





The following coniiersion factors adopted by thc Bureau of Reclam~tion are those published ay Cle Pmarical Society far 
Testin2 and Materials (ASTM Metric Practice Guide, E 380-581 except that 2dditio?d factors (') csrnm~nly u3.d In 
ths Bureau have been sri9ed. Further discussion 3f de:lnitmns of quan:ities an6 units i s  +en in !he ASTM Metric 
ha?ice Guide. 

The metric units and cornersion facturs 3dqt,tsd by the ASTM are based ~n the "Wern9tio.ml a s t e rn  of Units" (designated 
SI for systeme lnternltianal d'unite;), fixed by the Mernationsl Committee f o r  Weights an? hieasares; this ?:stem i s  
also kmwn as thz Giorgi o r  MKSA (meter-kilogram (inasrl-secnnd-ampere] syst2m. This system has besn %?opted by 
the intenution31 Orqvlization for Stan3ardization in BO Recommendation R-31. 

Thc metric technical unit of force i s  the kilonram-force; this is the force Nhich, whs? aaplied to abojy hwing 2 
mass of 1 kg gives i t  an  azcde ra t iw  of Y.8LJ665 m/se- / ss ,  iiie stansard sccelerztion af free 5ll~tmward tho zarth's 
center far  &a at  45 deg latitude. The metric unit of force in SI units i s  the newton (N), which i s  defined as 
that force which when applied to a body having a mass of 1 kg, gives it an acceleration of 1 r?/se:/se:. These ,mits 
must be disting;isiled from the (inconstant) local weight of a boCy htiging s mass of 1 kg; that 1s the weight of a 
bsdy i s  that forse %i:h which a bady is attracted lo  the earth an3 i s  equal to the mass of a b@ h t i p l i e d  by the 
acceleration due to ravity. However, h c a u s e  it is general practice to use "pound" rather than the technically 
ccrrect ieim "poun~-force, " the term "kilogram" (or derived mass unit) h3s been used m t h e  quide instead of "kilogram- 
force" in expressing the conversion-%:tors for forces. The newton unit of-iorse will fin3 imreasinq use, an3 i s  
essentid in SIunits. . . 

Table I 

QUANTITIES AND LWiTS OFSPACE - 
M u l h e l ~  B.r To obtafn 

. . . . . . . . . . . . .  . . . . . .  I Mil. 25.4 (exactly). l.Micron . . . . . . . . . . . . . . .  . . . . .  Inches 25.4 lencUy). .,=;Millimeters . . . . . .  2.54 (exacUy)*. Centimeters . . . . . . . . . . .  .. ~ . . . . . . . . . . . .  . . . . . . .  . .  Feet 30.48 (exactly) Centimeters 
~. . . . . .  0.3048 (emcUy)*. Meters . . . . . . . . . . . .  . . . . . . . . . . . . . .  0.0003048 (e'kcUy)*. . : . Kilometers . . . . .  Yards . . . . . . . . . . . .  0.914< ( e ~ l t i y )  :!, Meters . . . .  . . . . . . . .  m l e s  (statute). 1,606.344 (em:!,)* :. Meters . . . . .  1.609344 (&ctly) Kiiomrlers . . . . . . . . . . . .  

AREA .I, - - 
. . . . . .  Square inches . . . . . . . .  6.4516 (exactly) Square centimeters . . . . . . . . . .  . . . . . . . . .  Square feet 928.03*. Square centimeters . . . . . . . . .  0.092903 Square meters . . . . . . . . .  . . . . . . . .  . . . . . . . . .  squnre y r d s  0.836127 Square meters . . . . . . . . .  Acres . . . . . . . . . . .  0.40469* Hectares 

4.046 9- . . . . . . . .  . . . . . . . . . . .  Square meters . . . . . . . .  0: 00464i9~ Squsre kilometers . . . . . . . . . . .  . . . . . . . . .  5qmi-e miles > .  . . . . . .  2.58899. buare kilometers 

. . . . . . . . . .  . . . . . . . .  Cublc inches 16.3871 Cubic centimeters 
Cubic feet. . . . . . . . . .  0.0283168. . . . . . . . .  Cubic meters . . . . . . . . .  Cubic vards. . . . . . . . .  - 0.764555 Cubic meters 

CAPACITY 
-- 

. . .  Fluid ounces IU. S. . . . .  29.5737 . . .  29.5729 . . . .  
uquid->ints (u. 8.) . . . .  n. 473179 . . 

'J. 413186 . . . . . .  . . .  Quarts (U.S.) . . . . . . .  948.358* 
0.840331'. . . . . . . . .  

~ a l l o n s  (U.S. ). . . . . . .  3,785.43' . . .  . .  3.78543. . . . . . . .  . .  3.78533. . . . . . . .  
0. CAJ378543*. . . . . . . .  

Gallons (U.X.) . . . . . .  4.54609 . . 
4.54596 . . . . . . . .  . . .  Cubic feet. . . . . . . . .  28.3160 

Cubic yards. . . . . . . .  764.55* . . .  . . . .  . . . . . . . .  Acre-feet. 1,233.5' . . . . . . . .  .1.233.500* . . . .  
=- 

Cubic centimeters 
Milliliters 
Cubic dedmeters 
Liters 
Cubic centimeters 
Liters 
Cubic centimeters 
Cubic decimeters 
Liters 
Cubic meters 
Cubic declmeters 
Liters 
Liters 
Liters /i' 
Cubx metels 
Liters 
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. . . . . . . . . .  OYCCI per cvl lc  m:h. . . . . . .  L. 71ffiO G l a m % p r  ciblc 2rlUer'er . . . . . . . . . .  P O U l l s  IPI eYMe li:t . . . . . . . .  1~3.0164 K:lWr- p r  CLI!? M l C r  . . . . . . . .  5.0180166 . . . . . . . .  o r a c a  per c i t l c  cc-%meter . . . .  . . . . . .  T~~ nm7) wr yud . . 3 ? ~ n  ~ r ~ e r  oer ri5:e ecn!!npter 

. . . . . . . . . .  W:er par qaIlcl1U.S.) . . . . . .  7.11853. O n c l  p r  Ulcr . . . . . . . . . .  c x t e s  per @I:" IU.K.) . . . . . .  3.2982. orm; p r  vter . . . . . . . . . . .  W p e l .  N .  1 . . . . . .  tl0.820 Cranl  per 3ar 
P O L ~ ~ E  ~ c . - ~ & n  IU. K.) . . . . . .  '8. 173 . . . . . . . . . . .  G i a ~ ~ s  wr LXer - 

~ & ~ ~ n d ~  . . . . . . . . . . . .  0.011521. . . .  Meterldlogr- 
I. 12886 r I$. .:I  : : : : : cenume~er-6-s . . . . . . . . . . . . .  

~00t:pounds . . . . . . . . . . . .  0.138265. . . .  . . mter-Wojms . . .  . . . . . . . . . . . .  1.355az x 107. : : : : centimsmr-d mes . . . . . . . . . . .  .. ~wt-pnuula per inen . . . . . . . .  3.4431. centmeter-dograms per ~ ~ n t i r n e ~ e r ~  ..... h e . m c h s .  . . . . . . . . . . .  72.W8 . . . . . . . . . . .  Om-centimeters .~- 
. . . . . . .  Feel per aeemd. . . . . . . . . . .  30.4b :?scNyl. Centlmefers per sccrmd . . . . . .  i . . .  0.3048 (escuy  . . . .  Meters per resmd . . . .  Feet pr yesr. . . . . . . . . . .  0.885873 * 10-Q- : : centtmeter. per second . . . . .  MLLes p r  Mur . . . . . . . . . . .  1. 8"s044 Iolacll I. Ktlometerr per h n u  

0. lilv4 lemc~vr.  Meters Fer zeed . . . . .  . . .  

Cubic l e t  per secoM (second- . . . . . . .  . . . . . . . . . . . . . . .  . feet1 O.OuU17' ; Cvbk meters per second . . . . . . . . . .  Cublc feel per mhule . . . . . . . .  0.4'710 Uters per second 
M a n s  N.8.l wr b t e  : . . . . . .  0.0BSOU . . . . . . . . . .  Uter r  wr seemd - 

MuXlolv BY To i X ~ l n  

WOXX AND ENERG17 
. . . . . . .  . . . . . . . . . .  ~nushthermal mxr I B ~ .  0.252. ~ l l c g r a m  :*orlea . . 1,055.06 . . . .  : IOYle8 . . . . . .  . 

~ t u  per pound. . . . . .  : . . . . .  2.328 ~c&u);i : : . . . . .  moles p r  qram . . . . . . . . .  . . . . . . . . . . . .  F ~ - m u n d s  1.35582.. 1 - ovles 

-. POWER 

. . . . . . . . . . . .  . . . . . . . . . . .  norsepmer 7 4 5 . 7 ~  W~lla . . . . . . . . .  . . . . . . . . . . . .  BLU p r  h a u  0.203<Fl. Walls . . . . . . . . . .  . . . . . . .  FoM-~ound. cer second 1.35EBZ Walls 

. . . . . . . . . .  
EW F hr !@/BI; L k . ' t k ; z  ' ' ' ' . . . . . . . . .  . . . . . . . . . . . .  r e a l s m e )  1.781 . . . .  . . . . . . . . .  ~ l u / l b  dw F lc heat capaclly) 4.1888 . . . . . . . . . . . . .  . . . .  . . . .  B, /lb deg F 1 . m .  ; . . . . .  . . . . . . . . .  Id,%- l t h e d  CLil~~illvltyl 0.2681 o.oozwr. : . . . . .  . . . . . . .  

WATER Y A W R  TRANSMIff10N -- 
Gralna/hr fi2 (Aer vapor . . .  . . . . . . . . . .  . . . . . . .  -m~ssto~I .I 1%. I ~ r a m d 2 4  hr m2 . . .  . . . . . . . . . .  . . . .  Perm. @ermeance). ! 0.850 Melrlc p r m s  
perm-lnehea b r m e a b i ~ u v )  . . . . .  1.87 . . . . . . . . . . .  ~ e t r l c  cem-centlmelerr 

Table Ill .- 

cuble feet per sware iwl  jer . . . . . . . . . . .  . . . . . . . . . . .  d%v raeeoaml 304.8. Uters Per aware metsr Der N l y  

h d ~ i e r  l d h  . . . . . . . . .  
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Bur Reclam Rep REC.OCE;IO-51. Div Gen Res.Oct 1970. Bureau of Reclamation. Denver. 88 
p. 71 fig. 1 tab. 1 ref, append 

: DESCRI~ORS-1 oonsreted rIeel1 rubber1 mortarl plastic* epoxy rerinrl coatlngrl wated 
. expowre1 laboratory tests/ adherionl performance1 cavitation1 'protective coatings/ materials 

testing1 evaluation 
' 

IDENTIFIERS-/ 'cavitation resistanr!l Venturi-type apparatus1 neoprsnel polyamided 
polyrulfided vinyl resind phenolic coatings 

RECQCE-7051 
EVALUATION OF MATERIALS FOR CAVITATION RESISTANCE-A PROGRESS 
REPORT 
Bur Reclam Rep REC.OCE-7051, Oiv Gen Res.Oet 1970. Bureau of Reclamation. Denver.88 
p, 71 fig, 1 tab, 1 ref. appnd 

OESCRIPTORS-I concreted steel1 rubber1 mortarl plastic* epoxy resins1 coatings1 water1 
exposure1 laboratory tests1 adhesion1 performance1 wi tat ion1 ' p ro t~ t i v s  coatings/ materials 
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