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material and covered with perforated galvanized steel plate. The exposed surfaces of the

perforated plate have been found to be subject to corrosion at several hush houses. In this
report the severity of the corrosion damage on both the perforated liner plate and the in-
terior of the box sections was evaluated, and the corrosion was found to be not structurally

serious at this time. Recommendations for removing trapped water from the interior sec-
tions, for preventing the ingress of additional water, and for cosmetically repairing existing
corrosion damage were formulated and are presented.
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INTRODUCTION

Facilities for the in-frame testing of gas turbine engines, com-
monly referred to as hush houses (Figure 1), are a relatively new addi-
tion to the inventory of Naval shore facilities. Soon after these
facilities were introduced to field use, corrosion of the interior per-
forated galvanized steel liner plates became evident as shown in Figure 2.
Several concerns over the potential impact of this corrosion were
expressed and can be summarized as follows:

" Is the damage structurally significant?

" Is the corrosion on the interior of the sections more serious
than on the exterior?

" Is the corrosion damage a potential source of foreign object
damage (FOD) (foreign objects that cause damage to gas turbine
engines)?

" What is the cause of the damage?

" Can the damage be arrested?

" Can the appearance of the interior surfaces be restored?

This report is based on the inspection of a typical hush house at the
Marine Corps Air Station (MCAS), El Toro and on laboratory investigations
performed at the Naval Civil Engineering Laboratory (NCEL).

INITIAL INSPECTION OF HUSH HOUSE INTERIOR

In June 1983, the exterior of the perforated liner plate was
inspected. The corrosion damage was widespread. As shown in Figure 2, .

it was generally concentrated at the lower portions of the sections and,
to a lesser extent, at an area approximately 4 feet above the Luttom of
the sections. The corrosion damage, which ranged from a light covering
of white corrosion products to red rust, was typical of galvanized steel
exposed to a rural-type exterior atmosphere. The areas of most severe
corrosion damage were adjacent to the firefighting hose and to the hose
bibs on the two lateral walls. Above the 8-foot level there were scat-
tered areas with a very thin layer of white corrosion products.
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REMOVAL AND REPLACEMENT OF LINER SECTION

In July 1983, a section of perforated liner plate was removed from

the interior of the hush house at MCAS El Toro to inspect the interior
of the building section and to obtain a sample of deteriorated liner
plate for laboratory analysis. Figure 2 shows the condition of the
section prior to removal. Figure 3 shows the location of the section
that was removed. The section was selected for two reasons. First, it
was one of the most seriously deteriorated sections. Second, the liner
sections on the lateral walls were very difficult to remove and replace
due to their configuration. In the initial building construction, the
wall sections were prefabricated and tilted into place. The restraining
beams on the interior of the walls would have interfered with the removal

and replacement of the section.
The first step in the removal of the test section was the removal

of a vertical angle. The plug welds between the angle and the plate
were removed using an air-arc torch, and the angle was cut just above
the test section. The angle was then unbolted and removed. This exposed

the entire periphery of the test section. The remaining plug and stitch
welds attaching the test section were removed using an air-arc torch.
Figure 4 shows the test section after all welds were removed.

During the removal of the stitch welds at the bottom of the test

section, water leaked from a point where both the liner panel and sup-
port section had been cut through. This is shown in Figure 5. Water
continued to run from the hole for about 10 minutes.

After all of the welds had been cut, the panel was removed and the
acoustic material was exposed and inspected. As shown in Figure 6, the

fiberglass material was stained. As shown in Figure 7, the material in
the first layer of insulation was inspected for moisture before removal
and was found to be dry to the touch. The fiberglass cloth covering the
outer section of the acoustic material was, however, water stained. The
outer section of the acoustic material was removed and unwrapped. The

lower section of the material was significantly deteriorated, and it

easily crumbled when handled as shown in Figure 8. The inner section of
acoustic material was then removed. Portions of this material adhered
to the interior plate of the section (see Figure 9) but were easily
removed by light scraping. The acoustic material was retained for future

evaluation in a separate work unit.
The panel used to replace the test panel was nearly identical to

the test panel. The replacement panel was rectangular, whereas the test
panel was trapezoidal. The perforated areas were equal within 1/2 inch.
Both panels were hot dip galvanized after perforating. New acoustic

material was cut to size and fitted into the test section in two layers.
The outer layer was wrapped in new fiberglass cloth prior to installation.

After new acoustic material was installed, the replacement panel

was cut to size and welded into place. Areas where the welding damaged
the galvanized coating were coated once with TT-P-641 applied with a
brush. After the corner angle was bolted into place, it was also coated
with TT-P-641. After the panel replacement was completed, the area was

cleaned and the hush house was returned to operational status. Figures 10
through 13 show the replacement sequence.
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CONDITION OF TEST SECTION INTERIOR

Figures 14 through 16 show the condition of the interior of the
test section. The corrosion damage on the interior of the test section

was qualitatively equivalent to the corrosion damage on the exterior of
the liner plate, and it was greatest on the lower portions of the section.
Figure 17 shows the point of ingress of water that was trapped in the
lower support channel of the section. Figure 18 is a sketch of the lower
support channel showing where water was trapped. A I- by 2-inch hole
was cut in the top of the support channel to determine how full the

section had been. The presence of wet rust on the upper surface of the
section interior indicated that the section had been completely filled.
However, the loss of material was not significant. The inspection hole

was sealed prior to installation of the replacement acoustic material.
A second area where water could be trapped and held was found at the

midspan support as shown in Figures 19 and 20.

LABORATORY EVALUATION OF TEST LINER PANEL

The liner panel section that was removed was returned to the Naval
Civil Engineering Laboratory for quantitative evaluation of the extent

of corrosion damage to the panel and evaluation of cosmetic repair pro-
cedures. To quantitatively evaluate the extent of corrosion damage on

the panel, the areas displaying various levels of corrosion damage were
estimated on both the front (obverse) and back (reverse) of the panel
using a transparent grid with 1-inch square sections. Four levels of
deterioration were established: none, white corrosion products, tan

corrosion products, and red rust. "None" indicated a lack of any evi-
dence of corrosion damage. "White corrosion products" indicated that
the outer layer of relatively pure zinc in the outer layers of the gal-
vanized coating was damaged. "Tan corrosion products" indicated that
the corrosion damage had extended through the relatively pure zinc outer
layers and to the zinc-iron alloy layers adjacent to the original sur-

face of the panel. "Red rust" indicated that the galvanized coating had

been consumed and the steel panel had begun to corrode. The results of
these measurements are given in Table 1.

To both measure the depth of corrosion damage and to validate the

effectiveness of an ultrasonic thickness gage in the measurement of
panel thickness from one side, a micrometer and an ultrasonic thickness
gage were used to measure the panel thickness at 10 locations where each

type of corrosion condition was observed on the front (obverse) side of
the panel after the corrosion products were removed with a bristle
brush. The results of these measurements are given in Table 2.

Cosmetic repair procedures were developed for removing corrosion
products from corroded areas of the liner plate and for recoating the
plate to give both corrosion protection and a uniform appearance similar

to the original galvanized liner. The procedure and materials selected
do not require special skills or equipment and are applicable to in-place
perforated liner plates. The coating system selected for evaluation .s
a standard zlnc/zinc oxide organic coating TT-P-641. Hand wire brushing
was used to prepare the surface. Where red rust was present the hand
wire brushing was augmented by limited hand sanding with 120-grit
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silicon-carbide abrasive paper. To evaluate the ability of the coating
procedure to coat the outer surface of the perforated panels without
either filling the perforations or coating the underlying fiberglass
cloth, a test setup (Figure 21) was devised to model the in-place arrange-
ment of the liner plate. The selected coating, a two-component coating
consisting of a liquid and a powder, was mixed in accordance with the
instructions on the containers prior to application of the paint. The
coating was applied using a 3/8-inch nap roller. The roller was loaded
with paint, and then the excess paint was removed from the roller by
rolling it out into the paint tray. The paint was applied in two thin
coats, giving a total dry film thickness of 6 mils (0.006 inch). The
coating procedure is illustrated in Figures 22 through 25. As shown in
Figure 26, the backing material under the test panel was not contaminated
during coating.

CONCLUSIONS

Based upon both the field and laboratory studies performed in this
task, the following conclusions regarding the liner corrosion problem at
MCAS El Toro are offered:

1. At the present time the corrosion of the liner plates and of the
interior of the sections is not structurally significant. The thickness
loss of the liner plate did not exceed 0.032 inch in the areas of greatest
corrosion damage. Hoaever, since the thickness of the galvanizing was
0.004 inch on each side, the structural thickness loss did not exceed
0.024 inch or 5%.

2. The condition of the interior of the section was essentially the
same as the exterior. With the exception of areas that trap and hold
water, the extent of corrosion is effectively the same.

3. At the present time the potential for FOD resulting from the corro-
sion of the liner plates is very low. The corrosion damage has not pro-
ceeded to the point where loss of a section of liner plate or the
separation of a complete plate from its supports is likely. The FOD
potential from the amounts of corrosion products found on the exterior
surfaces of the liner plates is also small.

4. The ultrasonic thickness gage is an effective and accurate tool for
measuring perforated liner plates in hush houses.

5. The most likely cause of the corrosion damage observed is the wetting
of the interior of the hush house during cleaning. The location of the
most serious damage, the condition of the acoustic insulation material,
the corrosion of the interior of the test section, and the presence of
trapped water all confirm this hypothesis. The corrosion can be arrested
by eliminating future wetting of the hush house interior and by draining
the water trapped in interior sections.

6. The appearance of the interior surlaces of the hush house can be
restored by the in-place coating of the liner panels and other corroded
areas with TT-P-641.
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RECOMMENDATIONS

1. Where corrosion is visible on the interior surfaces of the hush
house, the extent of damage should be assessed by visual examination and
ultrasonic thickness measurements.

2. The potential for wetting of the interior of the hush house during

routine operation or cleaning should be eliminated by modifying either
the facility or the procedures.

3. As shown in Figure 27, sections where water could be trapped should

be drained by drilling drainage holes as noted.

4. The lower sections of the interior should be cleaned and coated as
described previously to achieve a uniform finish.
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Table 1. Measurement of Corroded Areas

Obverse Area Reverse Area
Rating

in.2  % in.2

None 2,338 59 2,445 62

White Corrosion Products 1,149 29 1,028 26

Tan Corrosion Products 356 9 376 9

Red Rust 119 3 113 3

Combined Areas of 475 12 489 12
Tan Corrosion Products
and Red Rust

Table 2. Thickness Measurements (in.)

____ Micrometer Ultrasonic
F Rating 1 I

Minimum Average Maximum Minimum lAverage Maximum

None 0.479 0.481 0.483 0.476 0.477 0.479

White Corrosion 0.470 0.474 0.476 0.468 0.476 0.478
Products

Tan Corrosion 0.459 0.463 0.469 0.460 0.465 0.469
Products

.451 0.473 0.449 0.464 0.474
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Figure 3. Sketch of the location of the liner plate

section removed for analysis.
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Figure 16. Upper surface of lower support channel showing

accumulation of white corrosion products.
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Figure 21. Setup for evaluation of coating procedure.

Figure 22. Wire brushing the panel.
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Figure 25. Applying the paint.
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drill 1/4-in. o hole at
upward angle through
perforated panel into
bottom of support channel.

perforated panel,
inside hush house

drill 1/4-in. o hole as
close as possible to

footing footing.

Figure 27. Recommended drainage points.
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VA: Librarv. Pensacola, FL: Librars . Yokosuka JA: Tech Librar'.. Subic Ba'.. RP

SPCC PWO (Code 08SX). Mechanicsburg. PA
U(T TWO ('0. Port Hueneme. CA
USAF HOSPITAL SGT Castle AFB. CA
USCINC PAC. Code J44. Camp HI-f Smith. I
USDA For Sery. Equip Dev Cen. San Dimas. CA
USS USS FULTON. Code W-3. New York. NY
-1 Wpns Offr (Code WRO). Miami. FL
ARIZONA STATE UNIVERSITY Design Sci (Kroclingerl. Tempe, AZ
C'LEMSON UNIV. Arch Col (Egan). C'lemson. SC
IOWA STATE UNIVERSITY Arch Dept (McKrown(. Ames. IA
LOS ANGELES COUNTY Rd Dept (J Vicelia). ILos Angeles. ('A
PENNSYLVANIA STATE UNIVERSIT'Y Applied Rsch Lab. State C'ollege. PA
STATE UNIV OF NEW YORK C'E Dept (Reinhorn). Buffalo. NY
UNIVERSITY OF ILLINOIS Arch Scol (Kim). C'hampaign. It.
UNIVERSITY OF MIC'HIGAN C'E IDept (Richart). Ann Arbor. II
UNIVERSITY OF WASHINGTON App Phy*vsics Lab. Seattle. WA: Librar%. Seattle. A
BABC'OC'K & WILCOX ('O. Tech Lib. Barberton. Oil
GARD INC. LB Holmes. Nile%. IL
GRUMMAN AEROSPAC'E CORP. Tech Info ('tr. Bethpage. NY
NUS(' D~L Librar% (('ode 4 "531 Newport. RI
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" 'INSTRUCTIONS

The Naval Civil Engineering Laboratory has revised its primary distribution lists. The bottom of
the mailing label has several numbers listed. These numbers correspond to numbers assigned to the list of
Subject Categories. Numbers on the label corresponding to those on the list indicate the subject category and
type of documents you are presently receiving. If you are satisfied, throw this card away (or file it for later
reference).

If you want to change what you are presently receiving:

* Delete - mark off number on bottom of label.

0 Add - circle number on list.

0 Remove my name from all your lists - check box on list.

- Change my address - line out incorrect line and write in correction (ATTACH MAILING LABEL).
0 Number of copies should be entered after the title of the subject categories you select.

Fold on line below and drop in the mail.

Note: Numbers on label but not listed on questionnaire are for NCEL use only, plame ignore them.

Fold on Ine and slaple.

DEPARTMENT OF THE NAVY
POSTAGE AND FEES PAID

NAVAL CIVIL ENGINEERING LABORATORY DEPARTMEN OF THE NAVY
PORT HUENEME. CALIFORNIA 93043 DODlle

OFFICIAL BUSINESS
PENALTY FOR PRIVATE US9. $800
IININCEL.*700/A (REV. 1-73)

000*LJ.*L70-O00"

Commanding Officer
Code L14
Naval Civil Engineering Laboratory
Port Hueneme, California 93043

' ,';/ ., '. .,, -. ;:% ;: . ...... .. X . . .) ." . 1q..- .... ;.,'',', ' ''',.,..' : ." Z' . .2-'-:...,.i



DISTRIBUTION OUESTIONNAIRE
The Naval Civil Engineeriing Laboratory is revising its prnmalry distribution lists.

SUBJECT CATEGORIES 28 KNIERGY/POWER GENERATIO
29 Thermal conservation (thermal engineeoring of building. 14VAC

ISHORE VACIUTIS systems. energy losn mesurement. power geltol)
2 Construction methods and materials fincluding corrosion 30 Controls andl electrical conservation (electricall system.

clsefontotrctursIaneac/eeroalncnrl energy monitoring and control systems)
3 ft ron stuctresImanteanceldeeriraton ontol)31 Fuel flexibility (liquid fuels. coal utilization. enery

4 Utilities (including power conditioning) from solid wastis)
5 Explosivie safety an ~32 Alternate enrwgy source (geothermnal power. photovoltaic
6 Construction equipment powmchneyr system. solar systemns, wind systems, enery storag
7 Fire prevention end control systems)
8 Antenna technology 33 Site data and systemns integration (ensergy resource date, energy
9 Structural analysis and design (including numerical and consumption data, integrating ensergy systems)

computer techniquesl 34 ENVIRONMENTAL PROTECTION
10 Protective construction (including hardened shelters. 35 Solid waste management

shock and vibration studies) 35 Hazardous/toxic materials management
ItI Soil/rock mechanics 37 Wastewater management and unitary engineering

S13 SEQ 38 Oil pollution removal and recovery
14 Airfields and pavements 3 i olto
15 ADVANCED) BASE AND AMPHIBIO1US FACILITIES 30 Aie polltont
16 Bseo facilities (including shelters, power generation. water supie) 44 OiCEA aEmGIE IN
17I Expedient ro"adsarfields/bridges 45 Seafloor soils and foundations
18 Amphibious Operations (including breakwaters, vwv forces) 46 Seafloor construction systems and operations (including
19 Over-the-Seasch operations (including container ization, diver and manipulator tools)

materiel transer. lighterage and cranes) 47 Undersea structures and materials
*20 POL storag, transfer and distribution 48 Anchors and moorings

24 POLAR ENGINEERING 49 Undersea power systems, electromechanical cables,
24 Sameo as Advanced Sase and Amphibious Facilities. and connectors

S except limited to cold-region environments 50 Pressure vessel facilities
51 Physical environment (including site surveying)
52 Ocean-based concrete structures
53 Hyperbaric chambers
64 Uindre cable dynamics

TYPES OF DOCUMENTS

85 Ttebdam Seets 86 Technical Reports and Technical Notes 82 NCEL Guide & Updates 0 None-
83 Table of Contsents A index to TDS 91 hysical Securt remove my namie

%



'II

PLEASE HELP US PUT THE ZIP IN YOUR
MAIL! ADD YOUR FOUR NEW ZIP DIGITS

TO YOUR LABEL (OR FACSIMILE),
STAPLE INSIDE THIS SELF-MAILER, AND
RETURN TO US.

(fold here)

DEPARTMENT OF THE NAVY

-4., POSTAGE AND PrEES PAID *NAVAL CIVIL ENGINEERING LABORATORY DEPARTMENT OF THE NAVY
ft,. *PORT HUENEME. CALIFORNIA 93043-5003 

DOD-soe U MAIL

OFFICIAL BUSINESS

PENALTY FOR PRIVATE USE. $300

I IND-NCEL.2700/4 (REV 1a-73)

S000. -LLL70.0044

Commanding Officer
Code L14
Naval Civil Engineering Laboratory
Port Hueneme, California 93043-5003
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