


TBE FIRE RESISTANCE OF ALUMIRIM-AUOY COWIRCL RODS 
PROTECTED BY ALBI-RXFIRE-RETARDANT COATING 

SUMMARY 

Tests were conducted on streosed prlmery control rod8 to deter- 
mine the amount of protection agalnet fire offered to the rode by a 
fire-retardent coating. A~~~uuuJ-alloy control rode were covered with 
ver~ous weights of Albl-RX oil-ba6e coctlng and were subJected to 
smulated accessory-section fires at approximately 2,COO" F. Results 
lndxate that a rod under compression and covered with 50 gram per 
square foot of Albi-RX coating will withstand the fire four times a8 long 
aa an uncoated rod. Tests conducted on roda eubjected to torsion and' 
bending were inconclusive because of the limited number of test epeclmem 
and because the specified loadings imposed before end during fire exposure 
resulted m exceB8lve stressing. 

INTRODUCTION 

In order to detormlne tioth6.r aluminum-alloy rods protected by 
Albi-RX1 oil-base coating would comply with certain flreprooflng requre- 
merits, the Offxe of Aviation Sav'ety of the Civil Aeronautxs Admmistra. 
tion requested. the TechnIcal Development end Evaluation Center to conduct 
a series of tests 121 whxh rode were SUbJeCted to varkus mounts of 
compresBlon, torsion, and bendmg while being exposed to simulated 
accessory-section fires. 

CAA Safety Regulation Release No. 259 states that a component 
located in a potential fire zone io coneldered fireproof when It will 
wxthstand for a period of 15 minutes fire likely to occur in that zone. 
It further states that a stroller component is considered fire-resistant 
when it retains Its ability to operate after five minutes of exposure to 
such a fire. 

lAlbI-RX is a fire-retardant coating manufactured by the Albi 
Chermcal Corporation, Hartford, Connecticut. This materwil has now been 
superseded by Albi Temp-Kate 99, & snnilox material of greater fire 
resistance. 



2 

DESCRIPI'IONOF!E&STEQDlPMENT 

Stress wa8 applied to the simulated primary control rods by the 
machlne shown in Figs. 1, 2, and 3. This machine is of the deed-weight 
loading type. Compression was produced by a bell oxark having a ratio of 
two to one. Bending moment, or compreeslve stress, and torsion were 
produced by loodlng the 24-Inch horizontal crms. 

Tho flame producer conaiated of a gun-type conversion oil burner 
with a No. 2 eighty-degree oil nozzle, 5 one-Inch diameter holes for air 
intake, and the return rcllef valve set at 85 pounds per square inch (psi). 
Kerosene was used 08 fuel. A barrel extension was added to the burner, 
extending ten inches beyond the end of the barrel and having en opening 
six inches high and eleven inches wide. The flame producer wa8 located 80 
that the rod to be tested was four inches beyond the end of the barrel 
extension and the flame passed equally above end below the rod. 

Frmary control rods were made of 24-ST aluminum-alloy tubing. 
A number of these rods were uncoated and were used for obtaining basic 
test data for mprotected rods. 5e remainder of the roda were primed 
with zinc chromate end covereU with Albi-RX oil-base fire-retardant 
coating. The weights of coatrng varied up to 50 grame per square foot of 
rod eurface, The 8izeo of the rode vaned from l/2 to 1 l/2 Inch OD with 
the wall thicknesees ranging from 0.035 inch to 0.120 inch. The lengths 
of the rods were 12 inches and 36 inchee, excluding the portion in the 
clamp or u the socket of the test machme. 

Streesee of various types es epecified by CM. were imposed on 
the rods. 5e stressed rode were then EubJeCted to fire, end the time for 
failure of each rod counted from the incidence of fire ~8 noted. The 
specific dimensions of each rod, the type of stress, and the amount of load 
applied arc given m Table I. These were 88 specified m the requeot. 

RESULTS AND DISC~ION 

The results of the tests in vhich the rods were covered tith 
verlou8 weights of Albi-Rx fire-retardant coating end ~II which they were 
subjected to fire while under compresolon are shown in Fige. 4A and B. 
Each curve expreoses the relatlonship between the weight of fire-retardant 
coating and the length of time from the incidence of fire until failure. 
The curves 111 Fig. 4A chow the effect of size on varlou8 rods which were 
subjected to fire under the aame load. The curves In Fig. 4B show the 
effect of various loo&3 on the came size rod. 
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TABIXI 

DBiENSIONSCFTE3TSPECIMENSANDLOABAPFXIED 

Rod size 

WCi.1 
(inches) 

0.035 

0.065 

0.053 

0.083 

0.083 

0.083 

0.x20 

0.120 

0.033 

0.083 

Length 
(mches) 

12 

12 

12 

12 

12 

36 

12 

36 

36 

36 

LOad 

Amount 

(PO& 1 (mch-pounds) 

280 

765 

280 

765 

lo80 

765 

765 

765 

5470 

5560 

Compressmn 

Compression 

Compreosmn 

Compression 

Compression 

Cmpress~on 

Compression 

Compression 

Toraion 

Bending 

These results show that a rod covered with 50 grams per square 
foot of Albl-Rx coating will withstand a 2,OQO' F flme npproxinntelp four 
tunes a8 long as a slnilnr uncoated rod. This relationship existed for 
all the rods tested under compression, including the rods of smaller 
diameter. The smallest of these rods, which WDO l/2 by 0.035 by 12 inches, 
was SUbJected to 280 pounds of compression. It failed In seven seconds 
when uncoated cud in thirty seconds when coated tith 53 grms par square 
foot Of Albi-Fx. 

This relationship dd not exlat m the c-e of the rods tested in 
torslon and in bending. Fifty pana of Albi-RX per square foot barely 
&wbled. the life of these rods. It is reasonable to believe, however, 'chat 
this wns due to the unusually high loading inpoaed upon the rods. For 
example, 5470 inch-pounds of torsion caused the loaded end of the 36-mch-long 
rod to rotate 20'. An dditlonal 10' of rotntlon was considered to be 
failure. !Fne loads imposed on the rode were so high that at o. relatively 
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TAEEI II 

RFSULE OF FIRE TEST ONSTRESSED &LUMINO?44LLOYR(3DS 

Rod Size 
WRll 
(in.1 
0.035 
0.035 
0.035 
0.065 
0.065 
0.065 
0.065 
0.065 
0.065 
0.065 
0.065 
0.065 
0.083 
0.083 
0.083 
0.083 
0.083 
0.083 
0.083 
0.083 
0.083 
0.003 
0.083 
0.083 
0.083 
0.083 
0.083 
0.083 
0.083 
0.083 
0.083 
0.083 
0.083 
0.083 
0.083 
0.083 
0.083 
o.O83 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 

Length 
(in. 1 
12 
12 
12 
12 
12 
12 
12 
12 
36 
36 

$ 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

;z 

;z 
36 
36 
12 
12 
12 
36 

:z 

We&-It of coating 

b per aq. ft 1 
0 

15 
53 
0 

i; 

51 
0 

12 
25 
37 
0 

50 
0 

2 
39 
51 

4: 
51 
0 

33 
33 

Compressron 
Load 
(lb) 
260 
280 
280 

;2: 
765 
765 
765 
280 
280 
280 
280 
280 
280 
200 
280 

;z: 
765 

;2: 
765 

;z: 
765 

loao 
1080 
1080 
1080 
1080 
1080 
1080 
1080 

'72: 

;z: 
765 

;z; 
765 

;"6: 
765 

Time Until 
Failure 

(seconds) 
7 

I.3 
30 
19 

z: 

2; 
21 
29 
50 

:7' 
73 

110 
160 
30 

2: 
a0 

g 

;: 
109 
29 

2; 
63 

;: 
102 
133 
26 
% 

i7" 

z: 
242 
278 
38 

173 
178 
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TABLEi IIB 

FCESJLTS OF FIRE !FEiT ONSTRRSSH! UJJMINU!4-ALLOYRODS 

Rod size Waght Of coating Torsion BendFng 
Diameter Wall Length LOed Load 

(m-1 (in.1 (In 1 (epl per w ft) (m-lb) (in-lb) 

Tune Until 
Failure 

(second8 ) 

1 l/2 0.083 36 0 5470 17 
1 l/2 0.003 36 24 5470 24 
1 l/2 0.083 36 50 5470 35 
1 l/2 0.083 36 0 5560 32 
1 l/2 0.083 36 24 5560 36 
1 l/2 0.083 36 28 5560 37 

low temperature (300' to 400" F),creep occurred in the metal. This creep 
rendered the rods unfit to serve as primery controls. Additional tests on 
rods subJected to torsion snd to bending were not conducted because the 
limited qusntity of alummum-alloy tubing available had already been 
consumed. Results of all the tests conducted are given in Table6 IL4 and 
IIB. 

CONCLuSIOiVS 

It is concluded that: 

1. A control rod under compression, covered with 50 grems per square 
foot of Albl-RX oil-base coating, till withstand fire about four times 05 
long a8 a siroiler uncoated rod. 

2. Aluminum control rods located in potentid fire zones even though 
protected by a coating of Albi-RX do not conform to the fire-resistance 
requirements as outlined in the CAA Safety Regulation Release No. 259, 
since failure occurred in less than five minutes after incidence of fire. 










