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ABSTRACT

Tests to determine relative flow resistance of two selected protec-
‘tive coatings showed that an unbroken surface of thermosetting
random-glass-filament-reinforced polyester resin applied to an’
. . untreated concrete surface was-quite resistant to the force of a high-
~~ velocity jet. The polyester resin and a flexible neoprene membrane

“ were applied to an 11-1/2-in, square face of concrete test blocks
and subjected to a 1-in. -dia, 100-fps‘jet striking at a 45-deg angle
for 4-1}2 hr in 2]l tests. Two resin samples had a homogeneous
and unbroken 1/8-in. uniformly thick coating. One resin sample
had the coating covering the face but varying uniformly from 1/8 in.
to zero in thickness. Two resin and one neoprene sample had the
21/8-in. coatings cut across at right angles to the exposed face'near
the horizontal centerline and one-half removed, leaving sharp cut
edges. One resin sample had the edge protected by an epoxy fillet.

“Results were: (1) The smooth unbroken surface of the polyester. .
resin remained undamaged. (2) The same coating with the unprotected
cut edge was washed from the concrete in 5 min, (3) The same coat-
ing with the epoxy-protected cut edge remained intact. (4) The neo-
prene membrane with the unprotected edge adhered to the concrete:
during the test, but high-pressure water blisters formed between the
membrane and concrete surface about 2-1/2 in. from the point of jet
impact. This report is for official use only. . -~ -~ S

DESCRIPTORS-- *protective coatings/ *plastics/ glass fibers/

reinforcing/ *synthetic rubber/ membranes/ mastics/ surfaces/

concrete structures/ high pressures/ hydraulics/ *jets/ flow .~

resistance/ hydrostatic pressures/ edges/ laboratory tests/ re--
- search and development/ thermoplastics/ adhesion/ brittleness/

polymers/ materials testing

. IDENTIFIERS'?-;‘pbl‘yelster'.s/ the_rﬁt;set’cing résins/ nedi)rené// o
~ impingement/ hydraulic// impinging flow [ blistering -~ o




: UNITED STATES
- DEPARTMENT OF THE INTERIOR
‘BUREAU OF RECLAMATION '

’ _,:.Offlce of Chief" Engmeer S _‘Report No:." Hyd 543 ;
- - Division of Research - - " “Author: - D, Colgate
' Hydraulics Branch ' Checked by: - W. P. Simmons
- ‘Denver, Colorado = : ‘Reviewed by: W..E. Wagner -
) Aprll 2, 1965 S _ Submltted by: H. M. Martm :

RESISTANCE OF SELECTED PROTECTIVE COATING‘%
g FOR CONCRETE TO HIGH-VELOCITV WATER JETS

P’URPOSE

' }Tests were conducted to. determme the: res1stance of selected protec-
- tive coatings for concrete to a 1-inch-diameter, :100-fps {feet per

“second) water jet which struck the coatmgs at an-angle of 45°, The "~
“materials tested were a random ‘glass-filament reinforced thermo- .

. -setting polyester; resin (plast1c) and, a flex1ble neoprene {sy'nthet1c s

*rubber) membrane .

CONC LUSIONS

1L W1th the ;|et 1mp1ngmg on: unbroken surfaces of polyester resin -

{F1gures 3JA and SB) there was no apparent damage after 4 1/ 2 hours

T in less than 5. mmutes

‘ ._‘..of operatmn D o

2, The Jet impinging on. the cut edge of an unprotected polyester

_resin surface*(Figure 4A) r1pned the. sample from the. concrete base R

L 3._ A cut polyester resin: surface' w1th the cut edge prOtECtEd bY an.

."-"-epoxy fillet' (Figure 4B) remainéd:intact throug¥out a 4- 1/2 hour test' EENE

- o _w1th the Jet d1rected on the protected edge L '_‘,-_; A Pt o é

- ',‘}"3;{.-.4 W1th the Jet d1rected at the- unprotected cut edge of a flexlble neo-: |
. ",prene.membrane’ (Figure 5A), no damage was noted after 1‘hour of .
_--‘_,“".'-_-operatlon ~After '1-1/2 hours' operation, blisters were:.noted - on ‘the -

:sample. about 2= 1/ 2:inches from the: point: of jet: 1rnp1ngement (Fig=

‘ure 5B).  These: blisters: ‘continued: to: grow, -but'the" sample rema.med

.‘-adhered to the concrete surface for the 4+ 112 hour test




e - . INTRODUCTION
These hydraul:.c laboratory. tests were performed at the request of
‘the Concrete and Structural Branch of the Division of Research..

~ Prior to the tests reported here, selected protective coatings for
concrete had been subjected to mechanical abrasion. It was then:

“desired to subject two of the coatings to-a h1gh-ve10c1ty water Jet to

_ determine the relative resistance of the materials to waterflow, ‘For.
‘this study, a jet velocity of 100 fps, a jet diameter of 1 inch, an
angle of impingement of 45°, and a maximum test duration of 4-1/2

. hours per sample, were arbitrarily selected. These parameters
. _:.remalned unchanged throughout the test program

A, polyester resin coating, re1nforced with random glass filaments,
was applied to an 11-1/2-inch square face of five concrete test blocks.
- Two samples had a uniform thickness of about one-eighth inch-and were .
' homogeneous and unbroken, .completely covering the face of the test -
“block (Figure 3A). The third sample completely covered the face of
“the test block but was applied in such a manner that the coating thick-
- ness varied uniformly from one-eighth inch at one edge of the block to
" zero thickness at the opposite edge (Figure 3B). The remaining two
' 'samples were formed by applying a coating of 1/8- inch uniform thick-
ness to the test face, then.cutting through the.coating at right angles to
‘the.exposed’ fade and across the sample near the horizontal center- -
~ line. One-half of each sample was removed mechanically, leaving a
-.sharp cut edge as shown in Figure 4A. One of'the cut edge samples
-~ was tested without further treatment; the cut edge of the other: sample
was. protected w1th a f111et of epoxy before‘testmg (Flgure 4B),

- One sample of 1/8~1nch th1ck flexible: neoprene ‘membrane was bonded
to a test block with a mastic. The membrane was cut:and half:the
‘membrane was removed to leave an ‘exposed cut edge.similar, to that -
- ‘described above (Figure 5A). This membrane was tested W1thout fur- :
g ..ther preparat1on or. protect1on of ,fthe edge’ W

o ‘No further testmg or’ evaluatlon was requested by the Concrete: and ,
- “Structural Branch, and all of the: high-velocity: Jet tests performed by
;_the Hydrauhcs Branch are reported herem '

i
I

. ;".‘

| _ﬁI‘ﬁE:-S’TUDY

""_'LTest Apparatus —

jrf‘The test apparatus (Flgure 1) cons1sted of a nozzle to form al- 1nch——-- :
_{dlameter Jet and.a. wooden frame to hold the . concrete test spec1men




position the’ ‘sample under the jet. The nozzle was first placed 8 inches
above the sample (Figure 2A). However, at this distance the jet tended
to entrain air, causing it to ravel and strike the test surface so thata
sound like a continuous stream of small explosions occurred. The jet
appeared to be solid for a distance of about 2-1/2 inches from the noz-

zle: therefore, ‘the nozzle was lowered until it was about.2 inches from

the test surface. At this distance, the full force of th'= jet 1mp1nged
-smoothly on the test surface (Figure 2B)

Test Procedure

‘The approach piping was first purged of ‘all air so that a clean jet
emerged from the nozzle. Then, with the velocity through the nozzle
reduced to about.1 fps,.the specimen to be tested was properly posi-
tioned under the jet (Figure 2A). The jet was then increased to.the
fuli-test velocity of 100 fps and allowed to impinge on the Spec1men
‘for 5 minutes. The flow was then decreased to 1 fps and the specimen
-examined. If no apparent damage resulted, the specimen was allowed
to be tested an additional 5 minutes and again examined. Thereafter

* examination of the specimen was made at 10-minute intervals for a ;f
.- total elapsed time of30 minutes, then 30-minute intervals for a’ total
 elapsed time of 2-1/2 hours, and f1nally 1 hour intervals for a total

.elapsed time of 4- 1/2 hours / :

_ Results

: _(Spec1mens FP~ 1X -C and FP- 1X D, polyescer resin.’) These samples’; :
‘consisted of uniform, unbroken coatings- one-—e1ghth inch thick over: '
the entire concrete block (F1gure 3A). No damage was noted on: e1ther' 2
‘ surface after 4- 1/2 hours of- operat1on _ A L

'(Spec1men FP- 3W ~A, polyester resin,) This spec1men COHSISted of.
 an unbroken coating about one-eighth- inch thick at one edge of the
concrete:block ‘and feathered to O-inch thickness at the other edge -

LR (Figure 3B). The: jet impinged at a point where the coating thickness

‘was. about 1/32 inch, ‘with the jet directed toward thethick: edge: ‘of the -

i coatmg No damage was. noted after 4- 1/2 hours of operatJ.on

-’(S ecimen FP 1X-A, polyester resin.) " Th:.s spec1men presented a '
~1/8-inch-thick unprotected:cut edge to’'the jet (Figure 4A). The "
coating was removed from the concrete sample by Jet act1on in less

. than-.5 mmutes ‘of: operat1on :

;--"':_(spec1men FP 1X-B,: polyester resin. ) The 1/8 1nch th1ck cut. edge

. ofithis’ specimen was protected with an-epoxy fillet. (F1gure 4B)

s '._‘-.7".]..damage was noted after 4 1/2 hours of operat.lon




(Specimen ' Sample No. 35, Lot 4398, flexible neoprene membrane,)
- This specimen consisted of a 1/8~inch-thick neoprene membrane
~ bonded with a masticto the concrete base; the membrane was cut
Cwith.a sharp instrument, ‘and half the membrane was: removed me-
~chanically to leave an unprotected square edge (Figure 5A). The
jet:impinged on this:cut edge. An examination made after 1 hour of _
- ‘operation indicated no-damage. After 1-1/2 hours of operation, water
- ‘blisters had started to form-downstream from the- point of jet impinge-
~ ment (Figure 5B); however, the leading edge of the membrane appeared
©".  ‘to'be quite tightly bonded throughout its full width, The test continued
.. for the required 4-1/2 hours, at which time the blisters had growncon- =
~.siderably (Figure 6). The lead.mg edge of the membrane ‘still adhered
~i tightly to the: concrete surface. One of the blisters was’ punctured with
. .a‘sharp-pointed instrument and water under high pressure spurted out.
- Apparently, . the. lugh-pressure water from the jet passed through dis- .-
- ~continuities either in‘the concrete or in the mastic and came to the,
.surface between the membrane and the concrete where it could not -~
.escape.’ Undoubtedly, the specimen would have been forced from the
- . concrete surface- by the spreadmg of the water blisters: had the test
SR ‘been permltted to: contmue _ : : SRR
. _..'-“These tests demonstrated thatian unbroken surface of thermosettmg,
*;:random: glass-filament: reinforced polyester resin applied to an'un-
- 'treated.concrete surface as a:protective. coatmg was quite resistant
~ ‘to the forces of a high-velocity water jet. The specimens:tested
-could not be damaged or‘washed from the concrete surface by a 1-inch-
f'd1ameter ',';-100 fps water jet striking the unbroken surface at an angle
C “However, when the jet was directed at an -~
‘protected cut edge (31mu1at1ng a. broken or: cracked surface) the L

. '1m11ar cut edge, protected by afil \t offepoxy, ‘ emamed undamaged
: ‘a 4-17/2-hour test:run. The§coat1ng was guite ‘brittle and
and verylittle . bending. e high-pressure water had pene- _
e protected cut coating, the ‘coating would'have un- .
‘forced from the concrete 'surface and destroyed. |
vidence that 'such’ hlgh-pressure penetratlon had oc-
he- .4 1/2 “hour’ test :

_J'

membrane bonded to ther concrete surface w1th a
hstood: the test jet . directdd.on;an unprotected cut .
,.ater did.penetrate, ‘how ever, by some. path
e; to. form high-pressure water. blisters be—‘
e membrane and the; concrete. (Flgures 5B and 6)
ould: undoubtedly ‘have:been forced away from the
1d- washed off had the test been contmued
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A, Alining a test specimen
under the jet

B. Test in progress with a
100-fps, 1-inch-diameter jet
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Figure 3
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Figure 4
Report Hyd-543
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Figure 5 -
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B. Blsters formed after 1-1/2 hours operation

PROTECTIVE COATINGS for CONCRETE

One-eighth-inch-thick, unprotected cut edge, flexible neoprene mem-
brane bonded 1o cancrete with a mastic (No. 35, Lot 4398}
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COMVERSTON FACTOES—BRITISH T0 METRIC TWITS OF MEASTRENENT S

The 'fcllowing canveraion' factars alopted by’ the Bureau of Reclamaticn are those Pibliched by the American Soclety for
Testing and Meterials (ASTM MetTlc Practice Guide, Janusry 1964). except that additfemal factors (») commonly used {n
‘tbe Bureau hawvs been added, Further discussion of definiticrms of quantities and umits 15 given oap pages 10-11 of the .
ASTM Metric Practice Culde, - . . : o e . . . :

' The metric unita and copversion factars sdopted, by the ASTM are based on the "Internatiomal System of Umdta" (denignatsd

‘.- Bl fer Systeme Internktional d'Umtes), fired by the Internaticpal Committes Lor Weights and Measures; this system ia
~alec kpown as the Glorgl or MESA (oeier-Xilogram (mees)-secard-egpere) . Aysten. - This mysten has Been sdopted hy the

Interrational. Crganization for Stenderdization in IS0 Recommerdation R-31. C
“The wetric teahnioal Wit of foree s the Hlogran-Corce; this 1o the force Thich, wher spplied %o & body having 8 o
.:oaas of 1 ¥g, gives 1t an aceeleration of 9.80665 1/aec/mec, the stapdard-moceleration of free fall toward tha eartli's

- center [or. pea level at 45.deg letitude, “The metrle golt of fores in ST undts is the pewbem (N}, which 15 dmfined as
that’ farce which,: when appiied to & body hawing a-mass of 1 kg, gives It an acceleration of 1 m/Bec/sec, Theae urits

B ..;:'_‘ matt be dirtinguiched. from the {incanstent):local weigit of & body. baving ‘a mass of .1 ig;

: asceleration’ dun to_gravity. oally .
- correct term "pomd-force,". the term "iilogrsa® (or derdved.mss wdt). has ‘been used in thie guide instasd of "dlogram—
" . force" in expresping: the conversion fecters for forces, The pewtop umt.of foree will find increasing use, and:ip -
ascamtial’ in 5T unite, . T T F s L o

-
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