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OTTAWA 	April 28, 1945. 

REPORT 

of the 

ORE DRESSING AND METALLURGICAL  LABORATORUS. 

Investigation No. 1853. 

Examination of Extruded Magnesium Alloy Channel 
Section Assembly with Steel Locking Device. 

• Origin  of Material and  Ob ect of Investigation: 

On April  17, 1945, Col. E. C. Thorne, of the 

Directorate of  Engineering Development, Department  of  National 

Defen;* (Army), Ottawa, Ontario, submitted two extruded magne-

sium alloy channel section assemblies similar to thoee used In 

an assault bridge. The channels, reported to be of  magnesicm 

alloy A.S.T.M. 8X (nominal composition 6.5 per  oent  aluminium, 

0,7 per cent zinc, 0,2 per cent manganese, balance magnasium) 

were joined together by a  locking device  of SAE  4.130  steel,  as 

shown in Figure 1, 

The lockine; deviee  consists  of, a  steel  hook which 

works  on  two steel pins  attached to the  flanges  of  the 

channele. As may  te  seen from  Figure 1 $  magnesium  alloy 

blocks are welded to the  channel flanges  to  lessen  the 	 • 

danger of tearing  the  material  about  the steel pin when the 

assembly is under tension.  To  reduce  the tendency of .the 
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(Results of Tests on Channel Assemblies, cent ,d) 

TABLE I, 

CHANNEL WITH 5/8-IN. 
DIAnTER PINS reer----reperarn 

poi d s 	2 inches 
inches 

••■••■■■■•■■•••••••••»•• 

CHANNEL WITH  11/13-IN. 
DIAMICTER  PIN3 

pounds 	2 inches, 
inches 

0.00 

0.00 

0.00 

0.03 

0.03 

0.03 

0.03 

0.03 

0.06 

0006 

0007 

0.11 

0.15 

Failure in 
steel hook °  

0002 	 5,000 

0.02 	 7,500 

0.02 	 10,000 

0 0 04 	 12,500 

0.04 	 15,000 

0 0 05 	 17,500 

0.06 	20,000 

0.08 	22,500 

0.08 	 200000 

0.09 	26,000  

0.10 	27,000 

0.10 	30,000 

0011 	32,500 

0012 	35,350 

0.13 

0.14 

0.15 

0.17 

0,20 

0 023 

Failrre in 
weld. 

g•••••••■••••■■•••111110.11...1••■•••••■•••••■•• 

The assembly with 11/16-inch diameter pins  was  1 

by the  Army  after tensile  testing while  that with  5/8-inc, 

diameter pins was retained  by  these Laboratories for a 
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(R agnate of Tests  on Chnnnel  Annambliet 9  contld) 

metallùrgical examination. 

Metallur  cal Examination of Channel  Assembli:  

The tensile and shear properties of the  material  .-

the magnesium alloy channel had been previously determined  and 

reported  in P.M. Lab. Report No. 7629,  issued  on  April 10,  1945 

The compression yield was determined on a section  of the  channel 

three inches long by  the 0,2 Per Cent  Offset method  and  round  to 

be 18,100  p.s.i. Figures 2, and 3 show  the fracture  through the 

weld and  flange of the channel after tensile tenting  of the 

assembly. Figure 4 shows the  amount of bending on the 5/8-inch 

diameter pin. 

Figure  2.  

TOP  VIEW  OF  MAGNMIUM ALLOY' CHANNEL 
AFTER TESTING. 

Note  hew fracture follows weld. 

(Approlermately 2/3 size). 
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(Matallureical 1_:xa11naticn of Channel Assembly /  contvd) - 

?1,gura 3 

SIDE VIEW  OF  FRACTURE  IN MfŒNUS 111M  CHANNEL. 

(A_proxirrately 2/3 slze)0 

ekLt.£2.1. 

erig= 

5/8-INCE DIAMETER STEEL PIN AFTER  TSTThCO  

Note sllet bend  in pino 

It wIll be seen /  from FIgures 2 and 3 /  that  thz 

fracture rollcwed the weld around to a noint on the flane 
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(Metallurgicalamination of Channel AsEembly con.Ue.; 

near the  hole fer the 5/b-inch pin and its bushing and  'nore 

the flange failed, 

Lexamination of the weld fracture  showed lack  c,f 

penetration of  the weld  metal at  the  root of the  weld. ThiE 

may be noon ln  Figures 5 and 6. Pigura 5 shows  the lack  of 

penetration at  the root of th  e vertical weld  on  the flange  of 

the channel.  Figure 6,  a  photomicrograph at  30  magnification, 

shows  u  cross-section of the weld at the  root s  showing  the lac 

of penetration. 

Q•ur  0  5.  E. 

eiGuRE  SHOWING  LACK OF  -2 . ..:N.L.:ThATION  AT  RooT OF WiWo 

Dark  ara  (arrow) at  root  of vertical  weld 
indicates la::k  of  naratration. 

etart 

(Continued on next page) 



X500 0  nital etch, 

3TRUCTUR11; oF 3TEL  E007, 

Temreired martenslte, 

0 v. 

(Netallurgical 1.xaminat1on of Channel ssembly »  contld) 

eleare 6. 

MMO 

X30 »  etched in 2 per cent  rital. 

l'HOTOMIMOGRAPH SHOWING IAOK OF FeLETRATION 
AT ROOT OF ',JEW, 

.1.1/ 

The steel hook was macro-etched in 50 per cent 

hydrochloric acid and found to  bave  been machined from  a 

solid block of forged steel.  Its  hardness was found•tc 

302 bvinell, FiiI;ure 7, a  photomicrograph at X500 magnifi- 

cation »  shows  its  structure 	consist  of tempered martenrIt 

decarburization was Qbserved at  the surface, 
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Certallurgical Eccamination of Channel Assembly. contfd 

Teneile testu on the  two pins gave the folleeet.ng 

results: 

rtraire-=17ilgat 
Strength,:in 2 inchee 
p0jproent  ° 1-e 

: 

 

::=-.1.•-•r••••••••:-.•-•-•1- 	 .  . 	 • Tudecruir-mmualwrin:F. 
0 : in area e 	1 0 ,1  
_Leer cent :liardneee 

Diameter 
of  Fin, 
inches 

U Q k  per  cent 
: Yield Stress, 

p.s.i. 

5/8 	: 1780200 

11/16 	à  170,800 

	

190,200 : 	14e0 

	

: 182,200 : 	1500 

52.0 	• 38 
• 

•• 	4907 	: 	37 
• • • 

Diecussioq;  

The  channel assembly with the 5/8-inch diamet;er pine 

withstood the specified load of 36,000 pounds, failing through  . 

the weld at 36,750 pounds load. The aesembly with  the 11/16- 

inch  diameter pins  failed at 35,350 pounds load through the 

eteel  hook°  At the time of the  test  it wae decided to specify 

the 11/1G-inch diameter pin for uee in production and to change 

the design of the hook to withetand higher loads. It was  felt 

that the larger pin would provide a  greater margin of safety, 

e:atamination of  the fracture through the weld  (Fig- 

ures 2 and 3)  allowed that there WR3 e oie  lack of penetratien at 

the root of  the weld '(sete Figures 5 and 6). This  should be 

eliminated by improving  the welding technique °  The strens-

raising effect  of the hole in the  channel Man 	cceeeeeeei;lelb 

the pin may hava  ha  C some part in  causing the failure  but  it 

is felt that improving the weld would increaee the streneL  ee* 

the aesenb1y0 

The mechanical properties of the pin material eo 

.  indicated by tensile testa  are satinfactory 	They indicate  

the pins have been water-quenched from 1550-16o0° F.  and deAe7. 
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(Discussion, conttd) 

at 900°  F. .fter such a treatment the steel would be expected 

to MVO an Izod impact strength of 40 foot-pounds. It le felt 

that no attempt ehould be made  to increase the properties by 

lowering the  draw temperature, as the Izod would be decreasedo 

Increasing the diameter  of the pin is a more eatisfactory  we 

 to raise the strength. The bend  anale of the 5/8-inch diameter 

pin removed from the assembly after testing dose not eeem ewes-

sive (see Figure 4). 

Macro.etching the steel hook showed that it had been 

machined from  a solid rolled or forged block. Its microetruc-

ture, consisting of tempered  marteneite  (see Figure 7), shows 

that its b treatment has been satiefactory. 

•••••••••fflarmarrem 

CONCLUSIONS: 

1. ...line channel assembly with the 5/8.inch diameter 

pins withstood the epecified load of 36,000 pounds without 

failing, while that with the 11/16-inch diameter pins did  not 

However, it  i s felt the 11/16-inch pins would provide a  greater 

margin of safety provided the hook  la  redesigned to increase 

its strength. 

2. ..!he welding on  the channel examined showed  lack 

of penetration of the weld metal at  the root at the welcL 

3, The mechanical propetties of the steel in the 

pins are.satisfactory. 

4. The steel hook  was machined from a solid  block 

of forged or rolled material. Its heat treatment is  satis. 

factory. 
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