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31 

32 
33 
34 

No.of 
test 

1058 
30 

U. S. Department of Agriculture 
Bureau of Public Roads 

DIVISION. OF BRIDGES 
Washington, D. C. 

Tests of Metals. Watertown Arsenal. Volume for 1881. 

Applied Mechanics - Lanza - 1905. Pages 425 and 426. 

Wrought Iron 
Circular Columns, 4 Segments, Built by The Phoenix Iron Company 

Tested with diameter through flanges 45° from verti cal 

IUltimate Strgth 
Kind Diameter Length Sectionalj Actual Per sq. Manner of failure 

area inch 
in. ft. in. sq.in. Ibs. Ibs. 

Flat ends 8~04 o 30.000 11.610 651,000 56,fJ70 Web bulged near en 
Do 1 8.04 1 0 29.940 11.902 1628,500152,800 Web bulged near 

1 I I middle of column 
Do 8.00 III 10.625 12.181 1466,000 38,256 Deflected downward 
Do 8.00 31 0.000 11.430 1356,000 31,150 Deflected upward 

I and horizontally 
Do 8.00 31 O~OOO 11.310 1370,500 32,760 Do 
Do 8.04 31 6.000 11.660 

1
363 ,600 31,180 Do 

Do 8.04 31 6,000 11.510 373,100 32,220 Do 

American Bridge Company' s Steel Columns 

Column with pin ends t ested, with pins vertical 

IUltimate Strgth 

d 

Kind Size Length Sectional Actual Per sq. Manner of failure 
area inch 

in. ft. in. sq. in . Ibs. Ibs. 
Flat ends 10.27xlO.30 ° 43.10 15.28 719, 000 47,055 Flanges buckled 
Pin ends 10.27xlO.35 30 0.44 15.28 1290 , 000 18,980 Deflected hori-

j zontally 
i 

GB - Jan. 1939 
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Tests of Metals, Water town Arsenal , Volume for 1881 

Applied Mechanics - Lanza - 1905. Pages 422 and 425 

) Latticed Wrought Iron Columns from Detroit Bridge and Iron Co . 
. Columns with oin ends tested vdth Dins vertical' channel bars sDaced 8 inches aDart. 

I I Chan- I - ISec- lul timate strgth I 
No . of Ki nd nel- ILengthltional Lattice 1 ActuallPer sq. Manner of failure 
test bars area s·oacin" inch 

1059 Flat ends 
1060 Flat ends 
1095 One flat end, 

one pin end 
1096 Do 
1107 Pin ends 
1108 Do 

1 Do 
2 Do 

1231 Do 
1232 Do 
1229 Do 
1230 Do 
1117 Do 
1118 Do 

in . ft.in . sq.in . in. lbs. lbs. 
6 10 0 4.760 18 174,800 36,720 Channel bars buckle 
6 /10 0 4 . 670 18 1165,000 35,330 Do 

Do 
Do 

Horizontal deflecti 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 

) 
1119 Do 

. 1120 Do 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
8 

10 0 4.750 18 
10 0 4.580 18 
12 0 4 .600 18 
12 0 4 .570 18 
12 6 4.560 18 
12 6 4 .740 18 
15 0 I 4.480 18 
15 0 1 4 .560 18 
17 6 4 .6601 18 
17 6 4.740 18 
20 6 4.660 18 

120 0 4.630 18 
122 6 4.570 18 

1
22 6 II 4. 660 1 18 
25 0 4.710 18 
25 0 4 .630 1 18 
27 6 4.690 18 
27 6 4.670 18 
30 0 4.700 18 
30 0 4.730 18 
13 4 7 .520 18 

160, 000 33,680 
154,800 33 , 800 
159,800 34,740 
156,1001 34,160 
163 , 600 35,880 
153,500 32,380 

1151,500 33 ,820 
1157,500 3/.,540 
1152,600132,750 
1147,500131,120 
136,000 29,180 
143,500 }O,990 
139,800 30,590 

1144,700 31,050 
1110, 000 23 ,350 
1117, 500125 ,360 
1102,500 21,850 
1 97,200 20,810 
1 69,300 14,740 
I 75, 200115,900 
i261,800 34,810 
1 

Do 
Do 

1121 Do 
1122 Do 

20 Do 
21 Do 
18 Do 
19 Do 

1111 Do 

1112 Do 8 

463 Pin ends 6 
464 Do 6 
465 Do 8 
466 Do 8 
467 Do 1 10 
468 Do 10 
469 Do 12 ) 
470 Do 12 

13 4 7.500 1 18 1264,300 35,240 
1 

Channel bars spaced 6 inches apart 

120 0 
1 

4.68 1 16 1117, 000125 , 000 
25 0 4. 68 16 I 71,4001 15,260 
20 0 

1 
7.75 16 215,100 27,750 

25 0 7.75 16 201 , 500 26 , 000 
120 0 9.19 18 275,500 29 ,980 
25 0 9.19 18 294, 080 32 , 000 
20 0 12. 95 - 375, 200 28 , 970 
25 0 12 . 95 - 388 , 500 30, 000 

Do 
Do 
Do 
Do 
Do 
Do 

Defl.upward;chan­
bars buckled. 
Defl.horizon. chan 
bars buckled. 

Defl. horizontally 
Do 
Do 
Do 

Den . upward 
Defl . horizontally 
Defl. upward 
Defl. horizontally 
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Tests of Metals - WatertOl'm Arsenal 

) 
1886 - Part 2 

Tests of Full-Sized Eye-Bars of Tests of Full-Sized Eye-Bars of 
Wrou ht Iron Steel 

Dimensions 
1 

Dimensions I 
inches inches 1 

Length IElastic Tensile 1 Length Elastic 1 Tensile 
c.to c. Width Thickness 1 limit strength 1 c.to c. Width ThiCkneSS/limit Istrengt 
pin 1 11bs.per lbs.per I pin lbs.perllbs.per 

5.°°1,.14 

s .in. s .in. holes J __ I Isg,in isg.in, 
I I 

238.55 22,456 45,105 308.00 5.16 1.02 34,610 64,iJ70 

238.60 5.001 1.15 22,610 44,540 I 308.00 1 5.14 1.02 34,730 69,330 
1 I 1 I I 

238.57 4.991 1.14 21,7901 43,320 1 308.001 5.151 1.02 37,330 70,286 

238.641 5.00/ 
1 I 1 1 

1.16 22,4101 39,550 I 308.101 5.141 1.02 35,000 70,229 
1 1 I I 1 

238.62 6.051 1.44 19,7501 43,260 1 308.001 5.131 1.02 35,9501 71,680 
\ i 1 1 1 1 1 
/ 238.62 6.051 1.44 22,7301 42,020 1 · 307.951 5.151 1.02 35,0001 70,895 

1 1 1 1 ---

) 
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Tests of Steel Eye-Bars Used in the Mississippi Bridge at Memphis - 1894 

Applied Mechanics - Lanza - 1905. Page 494 

Full-Size Eve-Bars Sample Bars From Same Melt 
Length Elastic Maximum Original Elongation Elastic Maximum 

Width Thiclmess center limit load area percent limit load per 
to per sq. per sq. I per sq. sq. inch 

center inch inch inch 
ins. i ns . ins. Ibs. Ibs. Sq. in. Ibs. Ibs. 

1 10.07 1.50 160;63 35,100 67,490 .9500 27.5 41,580 73,050 
3 9.95 1.73 358.93137,680 70,160 .9918 24.4 42,650 75,620 
4 9.98 1.75 361.23 39,700 65,500 .9520 28.8 40,280 70,280 
5 10.05 1.50 162.38 33,140 65,060 I .9500 27.5 41,580 73,050 
6 6.08 1.13 291.26 29,690 56,700 . • 9756 28.1 40,490 69,700 
8 10.07 1.67 287 .37 32,860 65,600 1.1590 20.0 43,750 75,000 
9 9.92 1.95 284.28 31,110 61,060 1.0140 28.8 42,210 69,730 

10 9.94 0. 99 1287.88133,990 63,220 .9868 28.1 40,230 69,nO 
11 10.05 2.20 1222.88129,330 63 ,100 I .9635 28.8 38,090 71,300 
13 10.12 1.86 464.03131,970 153,860 1.0201 27.0 40,200 71,860 

( 

15 7.12 1.17 314.04130,270 151,500 11.0180 28.8 33,400 57,170 
16 10.07 2.20 338.73128,080 155,160 11.1220 

1 
24.2 38,320 70,220 

18 10.03 1.81 251. 58129,670 162,140 11.0200 26.3 40,200 71,080 
21 9.97 1.37 1250.28 132,700 165 ,400 11.0670 I 25.0 39,360 69,360 
23 7.02 1.31 385.73128,980 52 ,010 11.1700 I 31.3 34,190 58,460 
24 7.01 1.26 385.78128,410 54,740 11.0170 1 28.1 41,400 67,840 
25 9.99 1.62 249.98 30,500 58,870 1 .9338 25.0 40,910 70,360 
27 9.96 2.05 341.28 33,360 73,550 I .9700 25.5 40,410 69,900 
28 10.13 1.30 1249.4832,520 160.710 1 .9504 27.0 40,400 70,490 
30 9.98 1.81 1284.82 28,000 158,nO .5557 1 29.5 40,000 66,800 
31 10.15 1 .83 221.98 32,290 62,270 .9746 1 21.3 140,530 72,240 
34 10.04 0.99 361.68 29,970 58,680 1.1nO 27.0 40,610 70,480 
35 7.01 1.27 258.68 28,640 56,830 11.0200 28.1 40,790 68,730 
42 7.98 1.20 1254.63 31,930 163,870 1.0100 21.9 40,900 69,800 
43 8.03 2.32 1338.58 32,840 162,400 11.0620 1 23.1 41,710 71,000 
44 7.00 1.18 258.68127,870 153,520 11.0560 I 31.9 32,480 58,050 . 
46 9.09 1.25 \206 .5832,590 157,410 1 .9734 28.7 38,110 60 ,920 
53 8.11 1.79 279.98128,940 158,010 11.114 23;0 40,480 66,880 
55 7.00 1.00 \289.23\31 ,380 J59 ,85O \1.020 28.1 40,790 68,730 

( 
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( 

Condensed from Plate VIII 
Trans. A.S.C.E., Vol. LXXIII - 1911 

Record Full-3ized Eye Bar Tests 
Ohio River Bridge, p.& L.E.R.R. , 1909 

SI'ECIHV TMTS: 
UN.u;:;\I;.u.ED. 

1-5310 

em 



TH
E 

D
lC

L.
I.1

W
\E

 R
IV

E
R

 
R

R
ID

G
lt 

C
o

n
n

ec
ti

n
g

 
P

h
il

a
d

e
lp

h
ia

, 
P

a
. 

an
<\ 

C
am

de
n,

 
N

. 
J
. 

F
in

a
l 

R
ep

or
t 

B
oa

rd
 o

f 
E

n
g

in
ee

r.
 

Ju
n

e 
19

27
 

T
E

S
T

S
 O

F
 C

A
R

B
O

N
, 

S
IL

IC
O

N
 A

N
D

 N
IC

K
E

L
 S

T
E

E
L

S
 

E
X

T
E

N
S

O
M

E
T

E
R

 T
E

S
T

S
 O

F
 R

O
L

L
E

D
 S

T
E

E
L

 

U
nd

er
 t

he
 s

pe
ci

fic
at

io
ns

 f
or

 
C

o
n

tr
ac

t 
N

o.
 

l4
, 

ab
st

ra
ct

ed
 o

n 
p.

 
1

1
2

, 
oc

ca
si

on
al

 
ch

ec
lc

. 
te

st
s 
w
e
n

~ 
m

ad
e 

on
 b

ot
h 

si
li

co
n 

an
d 

ni
ck

el
 s

te
el

 s
pe

ci
m

en
s,

 u
si

ng
 e

xt
en

so
m

et
er

s.
 

W
it

h
't

he
 c

oo
pe

ra
ti

o
n 

o
f 

th
e 

ro
ll

in
g 

m
il

ls
, 

ce
rt

ai
n 

si
m

il
ar

 t
es

ts
 w

er
e 

m
ad

e 
o

n 
st

ru
c­

tu
ra

l 
ca

rb
on

 s
tu

t 
sp

ec
im

en
s,

 a
lt

ho
ug

h 
no

t 
re

qu
ir

ed
 b

y 
th

e 
sp

ec
if

ic
at

io
ns

.. 

"W
he

n 
sh

ea
ri

ng
 

bl
an

k:
s 

fo
r 

st
an

d
ar

d
 m

il
l 

te
st

 s
pe

ci
m

en
s,

 
th

e 
m

il
l 

al
so

 
sh

ea
re

d 
la

rg
er

 p
ie

ce
s,

 a
bo

ut
 1

8 
in

. 
sq

ua
re

 i
n 

th
e 

ca
se

 o
f 

pl
at

es
 .

. F
ro

m
 t

he
se

 p
it

te
S

"c
he

cl
c. 

te
st

 
sp

ec
im

en
 b

la
nk

s 
w
e
n
~
 c

u
t 

w
h

en
 c

he
ck

 t
es

ts
 w

er
e 

re
qu

es
te

d 
by

 t
he

 i
ns

pe
ct

or
. 

A
t 

fi
rs

t 
th

e 
ch

ec
k 

te
st

 s
pe

ci
m

en
 b

la
nk

s 
w

er
e 

cu
t 

o
u

t 
by

 s
he

ar
in

g,
 b

u
t 

th
e 

be
nd

in
g 

du
e 

to
 t

hi
s 

sh
ea

ri
ng

 w
as

 f
ou

nd
 

to
 s

et
 u

p
 i

nt
er

na
l 

st
re

ss
es

 w
hi

ch
 s

er
io

us
ly

 a
ff

ec
te

d 
th

e 
ac

cu
ra

cy
 

o
f 

th
e 

st
re

ss
·s

tr
ai

n 
cu

rv
e.

 
T

h
is

 
is

 
sh

ow
n 

in
 

te
st

s 
I 

to
 

8 
in

cl
us

iv
e 

on
 

si
li

co
n 

st
ee

l,
 F

ig
. 

J
, 

an
d 

te
st

s 
N

os
. 

I 
to

 7
 i

nc
lu

si
ve

 a
nd

 2
6

 t
o

 2
9 

in
cl

us
iv

e 
o

n
 n

id
.:e

l 
st

ee
l, 

F
ig

. 
2

. 
T

he
 r

em
ai

ni
ng

 t
es

t 
co

up
on

s 
w

er
e 

aU
 c

u
t 

o
u

t 
of

 t
he

 b
la

nk
s 

by
 b

ur
ni

ng
,.

 \I
tit

h 
a 

li
be

ra
l 

al
lo

w
an

ce
 f

o
r 

m
ac

hi
ni

ng
, 

o
r 

by
 m

ac
hi

ni
ng

 o
r 

sa
w

in
g.

 

T
h

e
 r

eq
ui

re
m

en
t 

fo
r 

th
e 

ex
te

ns
om

et
er

 t
es

ts
 o

f 
si

li
co

n 
st

ee
l 

w
as

 t
h

at
 t

he
 e

lo
ng

at
io

n 
un

d
er

 a
 t

en
si

on
 o

f 
41

,0
00

 l
bs

. 
p

u
 s

q.
 i

n.
 s

ho
ul

d 
no

t 
ex

ce
ed

 0
.2

5
%

. 
T

h
is

 e
lo

n
ga

ti
on

 
pe

rm
it

te
d 

ab
ou

t 
0

.1
0%

 
in

el
as

ti
c 

st
re

tc
h 

(t
he

 e
la

st
ic

 s
tr

et
ch

 u
p 

to
 4

[,
0

0
0

 l
bs

. 
pe

r 
sq

. 
in

. 
ap

p
ro

xi
m

at
in

g 
0

.1
5

%
) 

an
d 

th
us

 
co

ns
ti

tu
te

d 
a 

pr
ac

ti
ca

l 
m

ea
su

re
 

of
 

th
e 

yi
el

d 
po

in
t .

. 
T

h
e
 c

ri
ti

ca
l 

el
on

ga
ti

on
 i

s 
in

di
ca

te
d 

on
 F

ig
s.

 
J 

an
d 

2 
by

 t
he

 m
ar

k:
 6

. 
T

h
e 

st
us

s~
st

ra
in

 
cu

rv
es

 s
ho

w
 t

he
 v

al
ue

 f
or

 y
ie

ld
 p

oi
n

t 
th

us
 d

et
er

m
in

ed
 a

s 
co

m
pa

re
d 

w
it

h 
th

e 
av

er
ag

e 
va

lu
es

 f
or

 m
at

er
ia

l 
fr

om
 

th
e 

sa
m

e 
he

at
 d

t:t
er

m
in

ed
 b

y 
th

e 
dr

op
 o

f 
be

am
 

in
 

th
e 

st
an

d
ar

d
 m

il
l 

te
st

s.
 

U
lt

im
at

e 
st

re
ng

th
s 

of
 

th
e 

2-
in

ch
 

ga
ug

e 
le

ng
th

 
tu

rn
ed

 
sp

ec
im

en
s 

us
ed

 i
n 

th
e 

ex
te

ns
om

et
er

 t
es

t 
ar

e 
al

so
 c

o
m

pa
re

d 
w

it
h 

tb
e 

av
er

ag
e 

ul
ti

m
at

e 
st

re
n

g
th

s 
of

 t
h

e 
st

an
da

rd
 m

il
l 

te
st

s.
 

O
n

 F
ig

. 
2,

 n
ic

ke
l 

st
ee

l 
te

st
s,

 a
re

 s
ho

w
n 

tw
o 

cu
rv

es
, 

N
os

. 
26

 a
nd

 2
7.

 w
hi

ch
 w

er
e 

of
 s

pe
ci

m
en

s 
tu

rn
ed

 
fr

om
 

sh
ea

re
d 

bl
an

ks
. 

T
h

es
e 

fa
il

ed
 

to
 m

ee
t 

th
e 

sp
ec

if
ic

at
io

n
s. 

R
et

es
ts

 
N

os
. 

2
8

 
an

d 
1

9
 w

e.r
e 

pr
ep

ar
ed

 
su
~
u
e
n
t
l
y
 

an
d 

ga
ve

 
ac

ce
pt

ab
le

 
re

su
lt

s.
 

A
 .. 

a 
fu

rt
h

er
 c

he
ck

: 
on

 t
h

e
·q

ua
li

ty
 o

f 
th

e 
m

at
er

ia
l 

co
m

pr
es

si
ve

 t
es

ts
 w

er
e 

m
ad

e.
 

B
la

n
b

 
w

er
e 

cu
t 

ac
ro

ss
 t

he
 e

nt
ir

e 
w

id
th

 o
f 

":h
e 

en
d 

of
 t

hr
ee

 p
la

te
s 

fr
om

 t
he

 h
ea

t,
 s

li
t 

in
to

 
th

re
e 

o
r 

fo
u

r 
pi

ec
es

, 
bo

lt
ed

 a
nd

 s
tr

a~
"'

ed
 

to
ge

th
er

 i
n 

a 
pa

ck
. 

an
d 

m
ac

hi
ne

d 
in

to
 t

es
t 

sp
ec

im
en

s 
1

2
 
in

ch
es

 l
on

g.
 

T
h

es
e 

w
er

e 
te

st
ed

 
by

 t
he

 B
u

re
au

 o
f 

S
ta

nd
ar

ds
 w

it
h

 t
h

e 
ve

ry
 s

at
is

fa
ct

or
y 

re
su

lt
s 

sh
ow

n 
in

 T
es

ts
 N

os
. 

30
 t

o 
32

 i
nc

lu
si

ve
. 

W
h

en
 t

he
 c

ar
bo

n 
st

ee
l 

te
ns

il
e 

te
st

 s
pe

ci
m

en
s,

 N
os

. 
I 

to
 1

0
 in

cl
us

iv
e 

of
 F

ig
. 

3 
w

er
e 

se
le

ct
ed

, 
sm

al
l 

co
m

pr
es

si
ve

 t
es

t 
sp

ec
im

en
s 

w
er

e 
lo

ca
te

 i
m

m
ed

ia
te

ly
 a

d
ja

ce
n

t,
 a

s 
sh

ow
n 

at
 t

he
 b

ot
to

m
 o

f 
th

e 
fi

gu
re

. 
T

h
e
 c

om
pr

es
si

on
 s

pe
ci

m
en

s 
w

er
e 

2 
to

 2
~
 

in
. 

lo
n

g,
 

[ 
to

 
10

 i
n.

 w
id

e 
an

d 
of

 t
he

 t
hi

ck
ne

ss
 o

f 
th

e 
m

at
er

ia
l 

as
 r

ol
le

d.
 

T
h

ey
 w

er
e 

ve
ry

 c
ar

ef
ul

ly
 

m
ac

hi
ne

d 
on

 t
h

e 
en

ds
 t

o
 i

ns
ur

e 
p

ar
al

le
li

sm
 a

n
d 

th
e 

le
ng

th
 m

ea
su

re
d 

w
it

h 
m

ic
ro

m
et

er
 

ca
li

pe
rs

. 
T

h
e
 c

om
pr

es
si

ve
 t

es
ts

 
w

er
e 

m
ad

e 
w

it
h 

a 
2-

in
ch

 
ga

ug
e 

le
ng

th
 

B
er

ry
 s

tr
ai

n 
ga

ug
e 

at
ta

ch
ed

 
to

 
th

e 
sp

ec
im

en
. 

A
ft

er
 

lo
ad

in
g 

to
 a

bo
ut

 3
0,

00
0 

Ib
s. 

pe
r 

sq
. 

in
. 

th
e 

lo
ad

 
w

as
 r

el
ea

se
d 

an
d 

m
ea

su
re

m
en

t 
of

 o
ve

ra
ll 

le
ng

th
 

m
ad

e.
 

T
h

is
 w

as
 

do
ne

 
af

te
r 

ea
ch

 
ad

di
ti

on
al

 
in

cr
em

en
t 

of
 

lo
ad

. 
T

h
e 

m
ic

ro
m

et
er

 
m

ea
su

re
m

en
ts

 w
er

e 
ta

ke
n 

to
 

se
e 

w
h

et
he

r 
a 

sa
ti

sf
ac

to
ry

 d
et

er
m

in
at

io
n 

of
 t

he
 y

ie
ld

 p
oi

nt
 c

ou
ld

 b
e 

m
ad

e 
by

 o
rd

in
ar

y 
sh

op
 m

ic
ro

m
et

er
 c

al
ip

er
s 

on
 c

o
m

pr
es

si
ve

 t
es

t 
sp

ec
im

en
s.

 
C

om
pa

ri
so

n 
of

 
re

ad
in

gs
 b

y 
m

ic
ro

m
et

er
 c

al
ip

er
s 

af
te

r 
re

le
as

e 
of

 l
oa

d,
 

w
it

h 
ex

te
ns

om
et

er
 

re
ad

in
gs

 
be

fo
re

 
re

le
as

e 
of

 l
oa

d
, 

in
di

ca
te

 t
h

at
 s

et
s 

m
ea

su
re

d 
by

 m
ic

ro
m

et
er

 c
al

ip
er

s 
w

ou
ld

 a
ff

or
d 

a 
ve

ry
 s

at
is

· 
fa

ct
o

ry
 i

nd
ex

 o
f 

th
e 

yi
el

d 
po

in
t 

of
 s

pe
ci

m
en

s 
te

st
ed

 i
n 

co
m

pr
es

si
on

. 
T

h
e 

la
rg

e 
in

cr
ea

se
 

in
 l

oa
d

, 
w

it
h

 s
m

al
l 

in
cr

ea
se

 o
f 

st
re

ss
, 

sh
ow

s 
th

at
 t

he
 y

ie
ld

 
1)

O
;n

t 
co

ul
d 

be
 a

cc
ur

at
el

y 
de

te
rm

in
ed

 i
n 

ro
ut

in
e 

m
ill

 
te

s t
s.

 b
y 

th
is

 p
ro

ce
du

re
. 

1-
45

80
 



C
on

ci
un

on
. 

T
h

e 
te

st
s 

in
di

ca
te

d 
th

at
 t

he
 u

lt
im

at
e 

st
re

ng
th

 o
f 

th
e 

el
em

en
ts

 o
f 

th
e 

to
w

er
 c

ol
um

n 
co

ul
d 

be
 r

el
ie

d 
up

on
 t

o 
be

 b
et

w
ee

n 
44

,(X
)(

) 
an

d 
46

,(X
)(

) 
lb

s.
 

pe
r 

sq
. 

in
. 

as
 t

he
se

 s
tr

en
gt

hs
 w

er
e 

at
ta

in
ed

 b
y 

th
e 

sp
ec

im
en

s 
w

it
h 

si
ng

le
 

an
d 

do
ub

le
 
~
.
i
n
c
h
 

w
eb

s.
 A

s 
re

ga
rd

s 
F

ai
rb

ai
rn

's
 r

ul
e,

 i
t 

w
as

 s
ho

w
n 

to
 b

e 
ap

pr
ox

im
at

el
y 

co
rr

ec
t 

w
he

n 
co

n·
 

si
de

re
d 

to
 a

pp
ly

 t
o 

th
e 

cl
ea

r 
w

id
th

 o
f 

th
e 

pl
at

e 
be

tw
ee

n 
R

an
ge

 a
ng

le
s.

 
T

h
e 

fo
ll

ow
in

g 
ta

bl
e 

gi
ve

s 
th

e 
ra

ti
o 

of
 

w
id

th
 'o

f 
w

eb
 

pl
at

es
 

to
 

th
ic

kn
es

s 
fo

r 
th

e 
va

ri
ou

s 
ty

pe
s 

of
 

sp
ec

im
en

s,
 

co
ns

id
er

in
g 

th
e 

w
id

th
 

as
 

(a
) 

un
su

pp
or

te
d 

w
id

th
 b

et
w

ee
n 

to
es

 o
f 

fl
an

ge
 

an
gl

es
, 

w
hi

ch
 w

as
 2

3 
in

ch
es

 a
nd

 
(b

) 
as

 t
he

 d
is

ta
nc

e 
be

tw
ee

n 
lin

es
 o

f 
ri

ve
ts

 c
on

ne
ct

in
g 

th
e 

w
eb

 p
la

te
s 

to
 t

he
 f

la
n

ge
s,

 w
hi

ch
 w

as
 2

6 
in

ch
es

. 

T
A

B
L

E
 
II

I.
 

R
A

T
IO

 O
F

 
W

ID
T

H
 

T
O

 T
H

IC
K

N
E

S
S

 
O

F
 
W

E
B

 
P

L
A

T
E

S
 

R
at

io
 W

id
th

 t
o 

T
hi

ck
ne

ss
 

T
hi

ck
ne

ss
 o

f 
W

eb
 P

la
te

 
(a

) 
23

 
(b

) 
26

 
"'F

 
T

 

Ii
 in

ch
 

61
.3

 
6g

·3
 

Y,
 

in
ch

 
46

.0
 

52
.0

 
~
 

in
ch

 
36

.8
 

41
.5

 
i'4

 i
nc

h 
30

.7
 

34
·7

 
I 

in
ch

 
23

·0
 

26
.0

 
1

0
 i

nc
h 

15
·3

 
17

·3
 

In
 t

he
 c

as
e 

of
 t

he
 ~
-
i
n
c
h
 
an

d 
~
·
i
n
c
h
 s

pe
ci

m
en

s 
th

e 
w

eb
 f

ai
le

d 
to

 s
ta

nd
 u

p 
an

d 
ta

k.
e 

its
 p

ro
pe

r 
sh

ar
e 

of
 t

he
 l

oa
d.

 
T

h
e 

ti
·i

n
ch

 s
pe

ci
m

en
s 

be
ha

ve
d 

m
uc

h 
be

tt
er

, 
th

ou
gh

 
he

re
 t

he
 a

ct
io

n 
of

 t
he

 w
eb

 p
la

te
s 

w
as

 c
on

tr
ol

le
d 

la
rg

el
y 

by
 t

he
 b

uc
kl

es
 w

hi
ch

 w
er

e 
in

 
th

e 
pl

at
es

 b
ef

or
e 

te
st

in
g .

. 
T

.h
e 
~
·
i
n
c
h
 

pl
at

es
 w

er
e 

m
uc

h 
R

at
te

r 
'in

it
ia

ll
y 

an
d 

th
es

e 
pl

at
es

 
di

d 
no

t 
b

u
d

le
 u

nt
il

 a
ng

le
s 

as
 w

el
l 

as
 

pl
at

es
 h

ad
 

re
ac

he
d 

th
e 

li
m

it
 o

f 
th

ei
r 

re
si

st
an

ce
. 

In
 t

he
 s

tu
dy

 o
f 

si
ng

le
 w

eb
 v

er
su

s 
do

ub
le

 w
eb

 i
t 

w
as

 f
ou

nd
 
th

a~
 e

it
he

r 
sh

ou
ld

 
pr

ov
e 

ju
st

 a
s 

ef
fe

ct
iv

e 
fo

r 
ca

rr
yi

ng
 c

om
pr

es
si

ve
 l

oa
ds

 p
ro

vi
de

d 
th

e 
th

ic
bt

es
s 

o
f 

ea
ch

 
pl

at
e 

is
 b

ey
on

d 
th

e 
cr

it
ic

al
 b

ud
:l

in
g 

th
ic

bt
es

s,
 t

he
 p

la
te

s 
ar

e 
eq

ua
ll

y 
st

ra
ig

ht
, 

an
d 

th
e 

m
at

er
ia

l 
in

 t
he

 w
eb

s 
is

 a
lik

e.
 

S
ti

tc
h-

ri
ve

ti
ng

 o
f 

pe
rf

ec
tl

y 
R

at
 w

eb
s 

w
ou

ld
, 

pr
ob

ab
ly

, 
be

 u
nn

ec
es

sa
ry

. 
O

n
 t

he
 o

th
er

 h
an

d,
 t

he
 u

su
al

 i
ne

qu
al

it
ie

s 
in

 t
he

 a
li

gn
m

en
t 

an
d 

in
 

th
e 

m
at

er
ia

l 
o

f 
th

e 
tw

o 
pl

at
es

 o
f 

th
e 

do
ub

le
 w

eb
, 

br
in

g 
th

e 
st

it
ch

·r
iv

et
in

g 
in

to
 p

la
y 

to
 m

ak
e 

th
e 

pl
at

es
 w

or
k.

 t
og

et
he

r.
 

B
ot

h 
co

nd
it

io
ns

 w
er

e 
ob

se
rv

ed
 i

n 
th

e 
te

st
s.

 
O

ne
 

se
t 

of
 m

ea
su

re
d 

ri
ve

t 
st

ra
in

s 
w

as
 t

ak
en

 w
el

l 
aw

ay
 f

ro
m

 t
he

 b
uc

kl
e 

th
at

 d
ev

el
op

ed
 a

t 
fa

il
ur

e,
 a

nd
 t

hr
ou

gh
ou

t 
th

e 
w

ho
le

 t
es

t 
th

er
e 

w
as

 n
o 

in
di

ca
ti

on
 o

f 
in

cr
ea

se
d 

st
ra

in
 o

n 
th

e 
ri

ve
t 

sh
an

lc
s.

 
In

 a
no

th
er

 c
ol

um
n,

 t
h

e 
ri

ve
ts

 o
n 

w
hi

ch
 t

he
 s

tr
ai

ns
 w

er
e 

m
ea

su
re

d 
w

er
e 

in
 t

he
 f

ie
ld

 o
f 

th
c 

fa
il

in
g 

bu
ck

le
s.

 
In

 t
hi

s 
ca

se
, 

w
hi

le
 t

he
re

 w
as

 o
nl

y 
a 

sl
ig

ht
 

st
ra

in
 d

ev
el

oj
)(

:d
 i

n 
th

e 
ea

rl
y 

st
ag

es
 o

f 
th

e 
te

st
 i

t 
gr

ew
 s

te
ad

il
y 

an
d 

at
 a

n 
in

cr
ea

si
ng

 
ra

te
, 

sh
ow

in
g 

th
at

 t
he

 
ri

ve
t 

w
as

 b
ei

ng
 s

tr
es

se
d 

th
ro

ug
h 

th
e 

in
te

ra
ct

io
n 

of
 

th
e 

tw
o 

w
eb

s 
in

 t
he

 d
ev

el
(l

pm
en

t 
of

 t
he

 b
u

d
le

. 

T
h

e 
st

it
ch

-r
iv

et
in

g 
us

ed
 i

n 
th

es
e 

sp
ec

im
en

s 
w

as
 s

uf
fi

ci
en

t 
to

 d
ev

el
op

 t
he

 s
tr

en
gt

h 
o

t 
th

e 
w

eb
 m

at
er

ia
l,

 w
it

h 
no

 n
ot

ic
ea

bl
e 

de
tr

im
en

ta
l 

ef
fe

<:
ts.

 

It
 is

 p
os

si
bl

e,
 ~
 i

nd
ic

at
ed

 b
y 

th
e 

ea
rl

y 
de

ve
lo

pm
en

t 
of

 s
tr

es
s 

lin
es

 a
bo

ut
 t

he
 r

iv
et

s 
jo

in
in

g 
th

e 
w

eb
s,

 
th

at
 r

iv
et

in
g 

un
de

r 
he

av
y 

pr
es

su
re

s 
an

d 
im

pr
op

er
 s

ta
gg

er
 o

f 
ho

le
s 

m
ay

 b
e 

de
tr

im
en

ta
l 

to
 t

he
 s

tr
en

gt
h 

of
 d

ou
bl

e 
w

eb
 s

ec
tio

ns
. 

S
IN

G
LE

 
W

E
B

 
S

P
E

C
IM

E
N

, 
A

fT
E

R
 

F
A

iL
U

lt
E

. 

S
H

O
W

IN
C

 
H

A
Il

T
M

A
N

·L
u

D
lR

 

L
IN

E
S

. 

D
O

U
B

L
E

 
W

E
B

, 
S

T
IT

C
H

-R
IV

E
T

E
O

 
S

P
E

C
IM

E
N

, 
A

n
n

 

F
A

1
L

U
Il

£
. 

D
A

Il
K

 
A

ll
u

s 
A

T
 

U
P

P
P

. 
A

N
D

 
L

oW
E

ll 
E

N
D

 
A

il
E

 
C

O
"'

C
A

Y
£

 
S

ID
E

 O
F

 
B

U
C

K
L

E
S

. 

1
1

<
 



P
lo

lr
tr

io
l v

.s
~d

 in
 

. 
..

 

II 
/ 

II 
i 

/.-
-

'1.
5' 
n 



I 
. .J

oo
 

[ 
'.

1
- rt tL

 
__

 ii
t. 

0:, 
iU

<1
9 r 

II
 i

.6!
!£

fL
 
,
-
~
 

1
~
O
O
O
 

70
Q

 
U

O
O

 
4;

0 
?O

 
I 

, 
.4

4.
10

0 

r~
 

~I 
®

 
II 

@
> 

If 
@

 
1/ 

®
 

II @
 

,W
 

~ 
~ 

~~ 
~ 

, 
,A

 [\>
 

~ 
~ 

~
 

rj
 

~ 
~
 

~ 
~'

 

~,
 

~i
 

V* 
~ 

~ 
~ 

~ 
'
!
j
~
~
 

1~
5.

JO
O 

, 

If 
®

 
1/ '@

 

l:>
 ~ II<

§>
 

~ 

I 
~ 

~ 

1i
iq

O
O

O
 

IS'
~rj

 J. 
L 

5Q
OO

O 
__

_ t
~
 

0 
-

1!
il

~ 
49

"'
~ 

4
8

JQ
Q

.:
 

t
t
~
 

1)
4

y
,o

J
 

~
O
 

, 
1
l
0
0
0
~
 

II 
®

 
1/ 

@
 
II 

®
 

JQ
OO

O 

S>
 

~ 
~ 0 

tQ
oo

o 
14>

 
i 

1 
to 

~'
 

" 
IQ

OO
O 

V~
 

lfo 
0 

S
IL

IC
O

N
 S

T
E

E
L

 
E

X
T

E
N

S
O

M
E

T
E

R
 C

H
E

C
K

 T
E

S
T

S
 

FI
G

. 
I 

-
' 



8
X

»
 

I 
I I

 

~ 
V

 II
 

V
 V

 I
I 

V
 V

 
V

 
V

 
V

 V
 

U
nd

 J
lro

ln
 .
~
j
 O

U
 In

ch
 



t* 
*
~
 

vnH
#'~ 

*t 
i 

~ 
~l 

tE
 i

 
.~~

 
[JE

ll 
~ 
~~
u~
z 

lfE
 

i-I 
5f

m
p 

Sp
eo

m
em

 fq
r W

sI 
It!

J 
~
 

~
 

: 
'

0 
."b

oI
b 

.
'
 

0 

~J
O~

fl
 L

,1J
J 

~7
is

lN
aJ

I 
~1
h"
U;
;~

. t1
l!l

 
r
-

I1
db

od
 U

 "
"F

9 
~
m
'
'
'
'
 i¥

 C
""

~=
" 

Ta
b 

±1.
: 

. 
-h

 -
. .

 -
"t

-r
-

-
1--

-'
i~

 
, 

~"
.,

. 
'

$(
fJ

(J
(J

 ~
 

"" 
II I'

" 
1I 

1/
 

V.
 

r, ,....
 

: 
J 

~
@
 
II @

 
V

 @
 

! 
®

 
1 

®
 

~ 
~ 

~ 
~ 

~ :Ii'
 

, 
/ 

j 

If, 
II ..

 
II"

 
1/"

 
! 

Ul
)d

5l
ra

ln
A~

$p
er

lf
)c

h
' 

L .
. _

__
_ 

C
O

M
P

R
£S

S
fJ

/E
 l
E

s
rs

 

, , 

f.m
 f"

 

ea
oo

o 

70
/J

00
 

Z
()

{)
()

(J
 

, ()
 

II ®
 ~ q' ~'

 

I/~
 

M
Il

b
l 

1/ 
®

 
II ®

 
II @

 

~ 
~ 

~ ,01
' 

~'# 
1/*

 
If 

S
P

O
C

F
lC

A
T

IO
N

S
 

{Yr
tlt

( 
Ib

n
I·

tn
In

 t
lr

cp
 o

f lH
om

 
SS

po
o 
/6
s-
p~

r .
J<

t I
n

 

lM
JI

, 
Jt

I'"
M

1#
1.

fn
1n

 9
Q(

)(
)(

)/
~J

 /H
r 

Sf
 n

 

N
O

TE
S

 
M

o/
en

ol
 u

se
d 

n 
~j

/J
 N

o 
"a

nd
 5 

!r
om

 S
i1h

}e 
h~

ol
 

• 
• 

tJQ
I1(

j 7
 

• 
1O
.1
1,
~a
no
'1
J 

• 2
~ 

24
 .)

n
(/

 !S
 

'.'
Ii

 
-

J2
(n

d
j 

lIj
"f

H
Jr

m
l E

bJ
IK

 'L.
Jm

.,1
 Q

 ,D
O

m
I o

n 
,$

/n
S

J .
ttf

a;
r.o

m
 0

1 
w

ht
cl

l 
M

e 
m

e
 o

f'd
dO

rm
cl

lO
n 

IS
 S

O
 %

 y!
o

le
r 

/f
,(

)t
? 

o
f I

IJ
 o

rt
gm

(M
ak

no
lJ

 o
tC

on
sl

nt
cl

N
Jl

'l.-
"..

IO
Im

so
n 

!i
sh

 N
o.

.tl
, t

W
f J

r 
li

N
 (
I"

er
rl

~ 
F

Y
su

lt
J 

c
f ~
n
s
s
 

M
e

n
 0

1 
m
J
~
n
l
 Sr

ir
/I
(Y
ol
~ n

rp
n

jC
n

t!
6

 A
?

 ?
qo

 f
lie

w
_ 

rV
:1

f 
IY

a 
l.

to
n

d
 '
'l

o
r
e
 I

v
Ie

s 
Is

 F
er

 A
t>

 7
6

0
n

d
 7

7
 O

S 
o

r'
:'

 

:.
.~

r~
;r

!;
~~

 as
 ~;/

)/
::

:/
l:

1:
::

,:
::

:~
r 'n

rcc
 oF

 ,.,h
.ch

 
k
J
fs

 N
" 

?J
. '

<t o
n

d
 7

S
 o

f 
I
~
 U

n
'r

lc
IS

rl
! 

o
r I

ll
m

o
ls

 
A

ll 
fc

sl
J 
D
C
"
P
I
2
~
 lJ

.T
4,

lS
.J

aJ
l4

f>
l J

l r
n

o
/k

 a
/1

M
 ~
J
h
n
g
h
c
u
.
J
c
 

%:
:,

::
:,

/~
,~

 ';
;:

::
;'

''
't

//
(Y

:;
:;

/l
sI

Jv
r9

hc
v>

mo
ch

~w
';

h 
CO

Vf
'<

Y"
J 

lO
r k

J
b

 1
ID

./1
07

i7
dt

N
ld
''
 10

19
l1

)d
 ~
or
rd
Of
ll
oF
mo
lr
tr
lo
l­

.f
h

u
llt

n
l)

 /w
nt

lU
'lq

 o
fa

x
p

tN
J
 c
o
u
~
d
 <
H
/
«
I
r
~
 l
~s

lJ
 (

?I
>

 
27

J 
(o

up
on

; 
f()

l"
 k

J
lf

 li
b

 .J
 1,

,7
1 
"'

CN
;I

"~
 6
v
r
~
d
 o

u
l f

1r
 ('

n0
/~

rl
Of

 
,,,,1

/, b
M

ro
f 
a
l
l
Q
W
(
p
K
~
 

fo
r 
I
m
/
J
h
/
~
 

Jl
ro

.n
U

f1
d

Il
'l9

J 
la

A
tr

l'1
"'

" 
?

'q
.(

Iq
~ 
1~
"9
lh
 ~

"'C
(/

p!
 /

w
 li

tJ
/J

 H
f1

-
2

J 
J~

 7
5

1
0

 J
I4

M
.}

?
 "
'~

;~
!l

f.
Jg

e 
k
r1

i;
/h

 f
1

/ J
 .

...
. 0

; 
<

lu
:f

 
jp

«
rJ

'h
(m

 t
o

r"
II

I"
J
IJ

 '
~P

'~
Hr

i1
; 

m
o

lu
fO

lf
1

n
 C

()
/'

If
ro

c
l N

o
. 1

4
 

N
IC

K
E

L
 S

T
E

E
L

 
E

X
T

E
N

S
O

M
E

T
E

R
 C

H
E

C
K

 T
E

S
T

S
 

Fr
G.

 
2 

1
=

 



.r
tJ

J
p

tr
J

O
.n

 ..
. 

I 
y/

t/
tl

 A
m

i 
"'"

1.;
''''''

' 
I:'"

 ",
vt

r"
,;t

 .
. 

JI4
M,

:."r
 

Nf
I#

 T
tJ

/J
 .

sM
w

n 
Ih

w
. 

4
0.

0
0

0
 

It
w

.s
 p

tr
 ~

.M
. t

Jl
 y

,tN
l ~

1
 

tJ
J 

!"
't

n
 J

y 
C

hu
K

 l
is

l 
w

tlh
 

£"
~/
tf
>J
"m
tl
tr
 .s

lM
wn

 I
IIt

lJ
. 

~
o
.
O
D
O
 

It
 J

lr
tn

;l
h

 p
tr

}
-

!.~
 

/lY
V

I7
;t

 (
1/

" 
I""

 
q 

M
,I

I 
Ji

JI
.s.

 
t 

10
.0

00
 

<i 
It

 S
lr

tn
Jl

h 
p
tr

}-
-

. 
lI

Ih
m

tJ
 

.so
 I
n

­

,"
"t

ill
 

C
he

cK
 J

iJ
t 

~ 
E

lC
ltn

.s
D

m
tlt

r.
 

~
 

1
0

.0
0

0
 

o/J
 

u
.s 

(I
; 

M
d

k
r,

,,
} 

li
ll

et
l 

w
tl

ll
 

-
J(

Jm
tt

tr
 

.. 

II $ I~~
 

t> 

• ,
i;

'"
 

f'/
,w

)"
" 

Jl
rt

"
9

h
p

u
 

U
/N

m
(}1

t 
't

in
. 
A
~
 

Jl
lM

th
rd

 r4
ft

 0
1 

H
tl

fl
iJ

/J
 

s 
of

 I1
0l

tr
ltJ

l 
n.

.c
J:

~J
 

C
~
c
J
:
7
t
 

[~
/~

fl
Jo

m J/
ed

 ..
. II

I!
 

d
v
 

f-
~

' .I I 
"""

" f-
'. 

~~
 
~
~
~
 

_ "
.?

~M
.
 

-_ .
. _-

-
__

 !I
t'

!'
 _ 

, 
,L"

"", 
_

_
 4.
Y

.t
;O

O
 _

_
_

 

--
!~

r~
L
 

_
_

 ~
"
J
~
 
-

-i
!:Z

D.!
1-

--

1-~
5
.
1
_
.
 

II ~,
qo

.v
l"

nl
 E

ID
JI

« 

1J
"" 

I,U
", 

.l;
.~ 

_ J
"D

O 
~L

, 
,~

 
K'.

k_ 
m

"
 

A
IP

9
 
~l
 
"-

'I, 
'm

ll
~
I
I
w
J
 

-
,::

:'-
:J:
~<

1 
II 

--
--J

 
" 

jr
-

' --
f-

1-
, 

If 
It

 
" 

f-
, 

. 
}g

m
 

-
.J

, 
'<

' 

®
 

!/@
 

~ 
®

 
(iff

) 
1.#

 '® 
@

 
®

 
,f! 

@
 

, 
R

 
@

 
• 

@
 

:~"
'l®

 ~
r. 

@
 

~ 
~f 

!; 
f/ 

,iI 
I!!

 
~
 

,~
 

.:-
~
 I 

• 
~ 

Ik 
$ 

Iii
 

ilk
 

I. 
I. 

k 
Iii

 
I. 

I/'~
 

$ 
.' 

, 
~
 

~
 

, 
., 

'f
 

• 
~'

 
.' 

" 
~

' 
.. 

• 
,~

. 
~

' 
'. 

ii 
It; 

II 
1/ 

f 
I~ 

if 
if 

I!i 
!i 

f 

.I.. 
/ 

P.
::

!f
t:

~'
f1

:;
::

 ;1
,~,

 
4l

l'
O

O
 

''''
00

 
' 

C
, "

p.
i 

~
" 

N
O

>
 

... ""
'-

A<
lI!

9_
 

1m
 

If
 $

IQ
 

II 
, 

~
 

j"
 

-. ~
 

I,""
 

io
o 

t;:
:: 

J~
' 

>2
l

' 
:-

2!
. E

£..
 

I©
 

.1~
 I@ 

I"
 V.

 I@
 

11
11

19
 

l I
® 

~ 
®

 -
-1

[ @
I 

J; /'
 ®

 
r: 

I®
 

"
,
 

~ 

/ 
ri: 

;;;
, 

;~
;;

~ 
i;,,,

 
/ 

if 
I 

/ 
.-

-J
 

/ 
I 

J<
1"

""
 ~
 ~ 

Ii 
l!J 

If 
~ 

(I
 

11
 

J 
i 

lQ
""

" 
, 



__
 ,,-

uo
p _

_ 

~,,
1 

.. Ip
<>

"'" 
J6

. 7
0

0
 

~=
l.

~~
;~

 
.-
~
 II

: 
~
 ...

 
o 

®
 ~f 

®
 

I. ~
 .. • If '1

"' .
..

 ~ ';:
'"tl

 r'
~J

 [I
 

__
 ..

 L
L

_
 

• 
.J

(J
oo

q 
_J

!.9
9f L

 

• 
@'l

!@
 

:;, 
~

I 

I/~
 , ':-

14 ;-

I/i 
1/ .-JU

D
O

 -
~
U
!
.
.
Q
 _
_

 

. 
-

.J
 '/1

. 
J
l 

~ 
111

0 
,
,
~
 

If
" 

:!ilr
. 

V
 -,

 ®
 

~
 

®
 

r 
II 
~
 

,,"'" r
 

-;
~.

 
-f

-
"'''

''' 
®

 
--

--

J
j!

fJ
fL

-

'-J
[ 
~
 

, , 

M
E

D
IU

M
 C

A
R

B
O

N
 S

T
E

E
L 

T
E

N
S

IL
E

 
T

E
S

T
S

 

M
IL

D
 C

A
R

B
O

N
 S

T
E

E
L

 
T

E
N

S
L

E
 

T
E

S
T

S
 

M
E

D
IU

M
 C

A
R

B
O

N
 S

T
E

E
L

 
C

O
M

P
R

E
S

S
IV

E
 T

E
S

T
S

 

--
--

J 
~
 [
~I

vI
_k

r 
lt

JI
 IP

:IO
it 

, 
"""

'" 

o 

\ 

S
P

E
C

IF
IC

A
T

IO
N

S
 

M
E

D
IU

M
 

C
A

R
B

O
N

 S
T

E
E

L
 

jl(
ill

7i
Jf

J 
(r

ie
td

lb
in

tr
lr

cp
c/

/J
rt

o
m

 
Jl
(}
()
t)
hs
-l
W~

-i
n. 

~m
tl

tt
 J

ll"
fln

gl
h 

61
.0

00
hl

 ~
OC

()
/6

I.
pu

./
fi

n.
 

M
IL

D
 

C
A

R
B

O
N

 S
T

E
E

L
 

M
ill

 N
sf

J 
(r

itt
ld

 P
oi

nt
 tl

ro
po

f c
tto

m
 

N
o

f J
pf

lC
iF

iid
-

7i
zn

Ji
/e

 S
/~

fl
9I

11
 

S5
.(

)(
)(

Jh
6S

.0
00

ll
».

pt
rl

fi
n 

N
O

TE
S 

A
p

p
o

rf
lf

lf
 e

/O
J/

ic
 l

im
it

 is
p

o
in

lo
n

 J
lr

O
J 

tli
0

9
ro

m
 

o
l,

·im
ch

 lh
e 

ra
le

 o
f t

id
a

rm
o

lio
n

 is
 5
01

¥(
C£

/I
fg

~a
lf

l/
" 

lh
an

 o
li

lJ
 o

ri
gi

n,
 (
lf

a
lu

h
fJ

 o
f C

an
sl

ru
cf

io
n:

-.h
!m

J(
)l)

) 
A

lli
e

n
si

/e
 '

fe
sl

s 
m

ot
It.

 o
f H

u
lin

g
h

o
u

se
 E

/e
cf

ric
 tr

it
I 

I'1
an

uf
oc

lu
rlf

1Q
 C

o.
 o

f P
i/

b
lw

rf
l!

 D
n

O
 m

tJ
C

hi
f1

c 
w

il
li

 
tt

l/I
o

rn
a

lic
 s

fr
es

s 
.l

Ir
a

",
 ,"

,c
o

rd
e

r.
 

C
o

m
p

ra
sl

re
lf

ls
/J

m
a

ri
ll 

o
f 
to

w
ll
l/

le
 C

at
le

t;f
l. 

C(
Yf

Ip
rc

.J
J;

~ 
fll

st
s 

(.1
<J

fF
i:r

C
) 

c
u

i r
ro

m
fJ

?
()

fll
ri

o
l 

'
d
.
~' 
e

n
lt

o
 II

ln
u

k 
k
s
ll
 &

to
ri

fl
9

 s
o

m
e

 n
um

bl
lr.

 
;fT

Iflf
lS

 fa
r 

liJ
ts

 /lb
.fd

#1
lll 
~S

Ql
/m

:"
fl

((
"'

oF
C(

1(
/l

ro
d 1

ItJ
-14

 
ci

m
tt

lS
 fa

r 
N-

.J
b 

/Ir
O.

2 
hi

 7
i1

c/
us

il'
ll 

o
n

d
fh

ll
 i?

ch
JM

 
u

!,
!e

H
(1

1
 m

o
k
rh

l o
f C

o
n

/t
o

d
J 

Ho
.-J

70
f1

t:(
 IS

 jo
in

ll
,.

 
5
~
c
'
m
e
m
F
o
r
 M

J/
J 

/'h
.1

2
1

0
2

Jm
cl

u
sl

re
 r
~
b

t:n
i 

m
a

le
ri

a
lo

F
 C

M
/r

o
d

 N
o

.1
]·

 
C

ou
po

ns
 k

r
 "

il
d

 C
D

r/J
o?

 .
1

1
«

I/
is

iJ
 IN

re
 tx

H
lK

ti(
)q

1 
o

f m
a

/a
io

l w
i/I

I 
li
b

u
o

l o
llo

l"f
O

nC
e 

Fo
r 

fln
is

h
in

g
_ 

r
f
o
c
~
~
 f:/

:ft
 ';:;

k':
',.:

'!d
tum

 Co
r/

Jo
n 

5!
t:t

:I
 N

-'I
s 

C
A

R
B

O
N

 S
T

E
E

L
 

E
X

T
E

N
S

O
M

E
T

E
R

 C
H

E
C

K
 T

E
S

T
S

 

FI
G

. 
3 



) 

~UREAU OF Fu~LiC R0ADS 

71a :=;hington , D . C . 

) 

Submit ted by 
John I. ~lli.nn . 

) 



) 

) 

) 

Report 

Appendix 

The Strength of Wrought Iron Columns - - - Bouscaren 

Test s of Metals - - Watertown Arsenal 

The Strength and Elasticity of 
Structural St eel 

Experiments on the StrenGth of 
Vlrought I ron St rut s 

Experiments on Z-Iron ColUL1ns 

EJ.:periruent 5 on Besseme r Steel Bridge 
Members 

Tests of Full Size Compress i on Members 

Report of Royal Commi 9sion on Q,uebec Bridge 

Nickel Steel for Bridges 

Christie 

Christie 

Stroebel 

Dagron 

Buchanan 

Waddell 

Tests of Built-Up Compression 
Piecoa - - - - - - Talbot & Moore 

Some Tests of Large Steel Columns . - - - - - HOl'm,rd 

Failure of Gas Holder 

Test of Column for N,Y,C. & H.R, R,R, 

Progress Report on St eel Columns & Struts - A.S,C ·.E. 

Collapse Steel Frame of Theat e r 

Columns 

Ultimate Strength of Carbon Steel Models of 
Q;uebec Bridge Members 

Column Tests - - -

- Bas<luin 

A.R.E.A. 

~ 

L-3848 

L-3856 

L-3856 

L-3857 

L-3858 

L-3859 

L-3859 

L-3860 

L-3861 ::::i:':::> 

L-3865 

L-3865 

L-3866 

L-3671 

L-3874 

L-3874 

L-3875 

L-3877 

L-3877 

L-3677 

L-3876 

L-3846 



) 

) 

) 

Appendix (Continued) 

Repo rt on Columns - - - - - - - - - - - - A.R.E.A . 

Final Report on Steel Columns and Struts - A.S.C .E. 

Tests of 1 a r ge Bridge Columns - Bureau of Stano.ards 

Comp re ssion Tests of Structural 
Steel Angles - - - - Bur eau of Stan~~rds 

Tests of Twelve La r ge Steel Colunms 

Colunm Tests for Delawa re Rive r Bridge 

Tests Tetmaje r 

1-3879 

L-3883 

1-3885 

L-38g8 

L- 3888 

L-3890 

L-3890 

1-3847 



) Report 

(1 ) In some of the Standard Designs for Po~ Trusses submitted to 

the Bureau fot approval ~ section has been used for main compression web 

members of the general form shown in Ft/,: . ~a·. 

'f~cylle/? P/0'1es 5 n t -1 t - 1 L..-t- _---'1 L--t ----,1 
r ig. a 

rhe question has been r~sed as to the efficiency of a section of this 

k:1n4: .hether members so tied together with batt en plates only . will act 

e.s a Ujrli . and whether a section could not be substitu t ed that would be as 

economical as this section. even with the most favorabl e assumptions. or 

) at the mosi a\ only slightly greater cost . 

\ 
) 

(2) It was fel i thai the best means of settling these questiode was 

thro~ the experimental work done on columns by vari ous invesUgators. 

to thar end a search was made of all available experimental data on columns. 

~e results of that research are abstracted in t he appendb: attached to 

this report. Much of the data sO abstract ed has no bearing on ihe 

questiOns at issue . rhe information . however . was noted so that i n ' 

the future it would furn1 sh a reference for the solution of other column 

probl'Eillls \ he.t might arise. The comments accomp~ing t he abstracts 



) 

) 

) 

are as close} y e.s posni'ole tile l&"1guage of the au.thors . 

(3) These e:xperiment s include an of the more iClportant ,qork 

of Ameri can investit~ators alone thts line. They i "(lcl'lJ.de a~. so onp. 

series of l a te German experimei."ts - the only foreign seri~s a.vaila.ble . 

Hi ghly valuable wad: has be en dOC-:8 "by T t~tmD..jert more especially on 

columns or s truts of light sect ioTl .. His results , hOw8VGr , e.r e only 

inco~letely available in two g raphs taken from aT< article by Mar ston 

in the TrDo~ s . A . S.C .E . , Vol XXXIX, p, 111. 

(4) The SeG.Ten r ev ealco., :10y·,'ever, that no 'Nor ',: had. ·oeen clone 

on a strut of t~::lis section. All i ncompl e te f\..l1swer to t~1e qU0stions . in 

t ~le first p :-.ragr aph of this re ;)ort C:l.TI therefore onl ~r 0 0 o"bt D.ined by 

studying results ViAlich rna? :cc .~son['l,bly be const roed ,').8 .h~tvL"if., [1. b(:r.~rin.g 

on t h e; question nt is :·'ue . 

( 5) This stud',' h[\0. t l:c foHowing aims in vLw : 

( ;I.) 'rhc effici oncy ()f -o.:~tten pla.t~s in F.';en0T:tl ~.S sho'/m i:1 
tc~ts of col1mrrw of 0. sec ti on othe r t lln.J:1 thc',: prim<:·\­
ril~T tl·o:"'.t : .. cl iT: t.nis rE~port , 

(c ) 

Tho U11i t :/ of :"'.c tion of columns of more COi:1p.'"l.Gt section 
· ... \S ~~ctr:ri11 i n orl -0:,' Gxpe rirnont undt~r load so thr.t we 
mC'~y roughly ju.D.:?:;f3 the unit y of :\ section of this 
ki:1d , 

A rtud:r of colu mn f·..:'ctions t.o c.c tcrl'nins the l:'ost 
eJ [icient ~e cti();'1 th.~.t cou.ld be r-.r.opt c d to t ..... kc. 
cr'.re of the ::.;trosf-cs ',vnich members of tb.ir.. kind 
woulo. 'bC cf.\llcd upon to c 'ury . 

Tho r elative: ,~ co 7", o;ny of thf,': RDction f,~10wn i~:. Fig. 11 .:1,11 
'Nith propo ~c: c-:" alt e rno.t.ec. 

(6) Unc1C)r (~.) of t~o preceo.-irlg j,i.1.r ·".gro.ph the b8St informRtion 

is f ouno. in the "Report on COIUla::1 Sll j.n the Proc eeding s of the A.R .E.A. , 

Vol. 19, p. '(89 , This committee t,, >'tCQ twenty-fouT colulrms ; fi.ftccn 



of which were composed. uf two channels, gil at 16 1/4 ros . and nine of 

two ch[).:nnel s, ' 8" at 21 1/4 l·os. H~,lf of the columns were tied togethe r 

with l Cl.cin.g pnd half w.ith batten p13.tes . The c1.ett',iled reports of tl;1e 

tl3sts g re s£lOwn on pe.ge L-3879 of the Appenclix. 

(7) The tB.ble below ~13.~: been c 0'T!puted from the ?j)ov8- r.!entioned 

tests 3.~1C. it shows quite conclusively for tile test s in question thp..t 

t~1.e battens di d not u8velop at o..1J. the e ff.icienc ~:r of the column. 

(0) It sho1l1d be not0d also in the photographs - SGC page s 

L- 3331 anrl L- 3882 of t~le. Appenr}.ix of the failures accompan~rii;g 

) the a-:)ovC-]l18ntionecl report, tho.t the b~ttenod coltl.!nns f2.il ed in a plane 

par~llel to L1C ba tt en plates o..nd t he If~c e~1_ columns in n. pla.Y!c perpcn-

dicul.'?l.r to their lacing , In the f irst co.se this f;:dlure w~~s pcrp8!l('.ic11lar 

to t _1C nxis of the gr0;:ttc~t Y.'i1.c. i lJS of the membe r con side red RS [.\. w~101e 

ano. in the second CP·.sO iJ81'Pcr..dic uJ.:\r t o t ~18 2.xi s of the 1c.o:'I.,st r:::.dius 

as it should be , Thi s t:~.kcn i n COy\jullction with the rczt of t 'ne tests 

would show that the b.~.tten ,?lr<.tes dic1. not effectively tie the cOE!pon~)nt 

m-::mb8rs togethe r. 

I:i:he r epo rt of t .le Committ ee furthe r stat e s on pngo 793 , 

thtl.t " COlu..'YillS i n wi:lich b:.1.ttcn ;;>lnt.0s ::-<.r -t; substituted for l:-;.ci:-!!S br~rs 

) \'rill not c1. 0'1010p the fnl l ~~t.rengt:l. of t ;.1t-: sBction and should not DC 

Deed_. " 
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(10) Vlhile it rna;! ·De pointed out tha t t he distance between 

"bat ten plates in the collJ.mns t e st ed b:/ the above-menti oned Committee 

were g r e"t e r t han generally used i n t he an{1e s t ruts unc'.e r c ons i dera-

tion still it is probab1.e t ;mt t n 8 she~,r lVou l d b e mo re efficiently 

taken care of with the sy-nmetricn.l ·"racing of two plat e s as used in 

the Ch2.!lnel columns than Vii th the vnsymme trical ·oracing of one plate 

in the a.l1g1 e s t rut s e ven wi t ;.l the Great e r spaci~g i n t he firs t instanc e . 

( 11 ) 'I'u rning next t o tiie questi on of unit:! of acti on of the 

sect i on :' r eat cd in t~1is l~eport, '(Ie J.-:ay q11.ote the following from Salmon ' s 

wo r :--c on l1Colurrms," p~:e 184 : 

tlA v e ry large p r opo r tioI! of t iw co ' .u.mns u s ed i.n p r o,ctice 
,').re bu.ilt up of s epr'. r n.te ~.;e c t i o l!.s rivet ec~ tog e t her . I t j. s 
usually t.~ken for ;~· r .. tnt ed t h.:'.t 81.1ch c ol umns 'Oeh?v8 a s s olid 
r.pecimens provided. the '!.'(:; 'b .?.J."l Ct t ~10 riveting be of f·m f f icieJlt 
stYc l.g th, 8.:.10. fo r mu.lae fo r soli r: c olumns 2.re cO l!":ffio nl .'.r a pplied. 
to t hem. 

" Nov; if on8 p o i :lt be cleare r t han an~; oth8 r wi t h reg[l.rd. 
to built-up co1.m:ms g is th",t they do not act :1.S solid o r 
.i.l0 mogcneous colu."'!lrls. Unlt~ ss i mp r op e rl:: de sign~ d they fl.lvmys 
f['vil locally bY' the flange buckling between the p ::..nel po ints 
nnd it is t heir strength in t;_lis connection w:1ich d.c t e rmincs 
their streLgth as n. w;lo1 o . hence, it follows thPvt 0.11 rulos 
'\l1d c3.cductions b:.1sBd on n r.; s l"!.lnptions of s ol i r.it:r or homof;r:ne i ty 
0.re bc sio.e the que", t ion . 

1ltrV10 P.ot c'Horthy e xp c ri mE:nt['.l nnaly s e:-s of the st r a.ins i n 
-cu i J. t-tlr c olu.r.ms hnv!) boon :?u'cll i shr.: d. i n Ame rica, 0ne -by 'rgl 'ao t 
e.nd l';oo re (1')09). +" lC sec ond b? HO",0,rd (1911). In dr.".wir.g 
0 .. 8du.ctions from t ;'lO f ir s t it s_:lo'~lcl be borne in mi !~ d th;-.t the 
specim(';nE v:rel~e ~\.'onor;!"!. ::\l . T~"l..e :'r) [1.jori t :r we r e o l d. c omp r c f-'.s ion 
member s c u.t Ol~t 0f .'1. britl,.<:'() :1.l: d £u.bj~c 'Se(1 wi t ~1 01; t Qou'ot to 
SeVl; r c t r oatm(~nt du ri !1{; t}.18 ~lroccss . The new sp ec i r.:.811 '!T[l.S 
i n t o;-~tionally built of t :1 ~~n r,~:'.tc ri [\l. N~)v€ rtncl ess t ',le 
r e s ult s , t r1011gn f o r t ~'1 i s r cn.so:r: p r obn'cl y exaggerat ed, ::tl"C 
suffici ently remarkable . 

"I t WO,S foun d. th::,.t t~lC: F,trcs s 'vari od c or:.si de r r .. bl y ov e r 
t ~w l(:n [' t~l of tho sPec i mons , T!":nl...-:i ng i t d.")ubtfl11 's:'le t her the 
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c omponCl1t parts of ? 'built-up c:olumn act t ogether to form 
e .. n. inteGTflwi cOT!1pression member. There wert-) indications of 
stresses in the extreme fibres from ltO to :-,0 pe rc ent in excess 
of the a"',l"arage stress a.:.'1d in somB cases even higher . In 
a compression member of an actual bridge the maximum stress 
was 73 pe rcent in excess of the mean. 'rhe maximum st r ess 
VTould ocenr at one cross secti on in the extreme fibres on 
one side of the channel, at a nearby section on the other 
s ide. These irregularities appear to have 'oeen ,1ue to local 
fl cA-urc for the authors record that the channels forming 
the fl~,ges showed evidence of consi derable local flexure, 
due apparently to initial 'HiUlt of straightne ss . They con­
clude i n ft'I.Ct that want of stro.ightness of the center line 
of the col= and c.cccntricity of loadi!lg may have much 
less effect than local w;;..nt of strf-!.ightness. In <1.0 a.ctual 
bridgo Hf.. condf.\.ry ·D ur..ding :me. twisting due to .::1. cross girder 
may even have more Gffect thall ony of the above imperf(\c­
ti onR. I n :".. U-£1"lC'.pf;d g irde r flo.."1ge the adclition of the 
top or bottom pl~"'.tc t.ends to re duce the local irr8gularities 
CJld the strcs£cs wore fotmd to De more un l rorm. 

"In the sceo.nc. c=--'''Peri mcnt [',l stud:l of the strc sne s in 
a "'uil t-up column by HO \'l"r~, ;'nil Euchn.n11.\l (1911) the "peci­
mens were more normaJ. . CnrcfuJ. mC~ . .5'·.lrcment s of the strn.in 
in vctrious p[-\rts of the coli.un"i. were rm.tdc. The ultir:lc<;>~tc 

strength of the spocimen:; w·."s 30,l,190 lb. sq. in. For" 
range of lo"d from 220 to g, 817 lb. sq. in, the lon.gi­
tuc'.inal contr:>.etion mo ,., ~urGd i :l :). gl'.ugcd l ength 0: 150 in. 
along the, middle of tho flo.ngo pb.te was 0 :0403 in. The 
corresponiling r eadi.ngs ,,-t the cdges were 0.0394 Md 0 . 01'10 
in. , ' the l!!onn of which i c 0 . 0006 less th:J.!l the obse rved 
contrr..ction of thD centro gc~,,-ged length. The re .'\dii'!gs at 
tho oppodtc corners were 0 . 0467 and. 0 .0435 in. rospectiv01y. 
t:tlC mO~Jl of :ul four corners -nc ing 0.0439. Tho cont rxtions 
in loc .~.l g ,"\ugcc. liJnf ths of 1 0 in. were mC(-I.surec1 ,~t different 
pnrt.s of the colllrnn. On the fl~.:rlgcs these vG.Tied from 
.0026 t o .0033 in, In stepping f r om tho p in plates to the 
flnn.ges, tilC contr.~.cti on s \"'.ri ,, (1 from 0 .0033 to 0.0043 in . 
indic~.ti ng n movoment of ·tllc pin plntes along the columns. 
On tho :pin pl[l.tBE': thGmsclvnz t~lC m:uci mum contr~,ction 'f{;:ts 
observed directly in f r ont of the pin . Abr0".~,t of ·this 
plneo , tOVf~.rd th~; cd.,7:: '.~ t. of the pl<1.to , the st r i·) SS ·Dec.'uno 
t.ansile. 

"It is, ill f ~\.ct, a s 2 ... 11 cJ...-p c rimonts show, tile local ' 
strcne:.,th to rcsint buckling of tho inc. ivid\k'\l p~rt3 which 
dc tcrmin.":!', the ~t reng th of built - up c olumns, ,':'..."!d if the 

L-3352 
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web be pufficiently strO.:1f' to resist the s}1earing force, 
the built-up column always iC'.ils 1) ~:i the flange crippling 
oetvTeen the panel pOints. 1f 

(12) The tests. com'Oented on above are a'ostracted in the 

apPEm C',ix, See pages L-3866 ~.M_ L- 3g7L 

(13) In Technologic Fape r ,"0 _ 101 of the Bureau of St:mdards 

are g ive ;: the results of tests on 13 large columns. The results of 

the t ests O:'l m~tnber US
2

MS
1 

~.S to the distribution of stl'es~ over the 

cros f.; section n.re instructive. T11e steeJ. in this column wo.s M..'":'.ynri 

Steel with n. r;1eM yielo. point of 62,i.;'30 -pounfl,s per sqU8.re inc!1. The 

member w·o.s composed of 1 coyer pl"te 27 x 7/16, 2 web plates 18 x 1/2 

and 6 ::L'lgl e s 3 x 3 x 3/8. hced with 3 x 1 3tl x 1/4 angles; the length 

was 15 '-10" Md tho sl Gnd.,"mes~ r t',t io 19 .4. From Table 17, P"E:e 5. 

of this p"p"r we note the cumulative e long'ltion ·\ t the centE r for a 

unit load of 20,0(10 pou!1ds per sq. in . ranges from - , 0040 to - .0059 

indicating ['. consid.er~.blo v:~,ri:1..tion i n stres~ across the soction of 

the column, 

(14) Il1 view of the G}..--pcriments noted above it woule"!. be n 

ren.sono.ble conclusion th°"\.t tho strcf'.s v,'"\rin.tion in the section, shown 

in Fig. lI.:1,tI would be extremo . IrEore l~specially wOl~ld this o e true 

-I"lhen we consitler t~1r,t the coluiims c}.."}Jerimented upon w·erc f ~.I. r morc 

compact them the 0::18 tre:".ted in Llis report. In fact it would. only 

be .'l.. fair assumption to consider th:-tt thi slatter !!lGmber ;'Tould nct n.s 

two sep"-r~,te pieces rr>.the r thn.:1 as t>. tmi t. wi t :1 trle further likely 

proba.bility thr .... t oith:.} r one of t~"lC pi eces woulc. carr:; .morc than fift~r 

percent of t:1t' total ·10"-0. , 

L-3853 



(J.5) T"e problem now then ill to find a colur.m of cOClpact SAC-

tion in vr~lich Y!e rr~~ expect rea.sm:able unity of ncti:1n, and. 2.t the 

same time woulrl. be economical for the ~.ma.l. 1 loar,s 8 .. '110. sl10rt lene:.:ths 

) of vfel~ members of Pon~r Tru.sse~. 

(16) To thi S e '.l~, we ,013,y tum to Plate XXXVI, see pa,ge L-3334 

of the AppGndix - in wile:"! aTS smmne.rir8o. 'the resul ts of the Commi"~ tee 

on Colufcns ".nd Struts of the A.S.C.E., Trn.ns. Vol. LXXXIII, p. 1583. 

It will De at once notsd from t,lis , .raph that the colu,'CL'1S of tho lii':ht 

Bethlehem H section c1.evelopec1. t :'0 src;atcst strength of the coJ.u,'lill.s 

tested . Column No. 1 of t~lat s(;rics of test.s campor.ed of 4 [),.Eg18s 

and D. plato A.1. so showed up v 8ry "-''-811. 

(17) In the table b81oYi~T(; compared the rclD.ti ve i"T0ights of 

the section shovm in Fig. lInll tBl{cn from <.tctu.:'1.1 stc...l1dn.rds subr~itted 

for allprov:ll with an al tcrn~.te Bethlohcl'l H Section &'1d a ouilt H 

) section. 

SO' 

90' 117. 00 2Ls-6xl~x5/8 

I 

/ 
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(18) Thi s analysi s shows th~.t i n the spans 80 feet and 'oelow 

the adoption of the Bethlehem Section would mean only a slight 

increase i n "'eight a11Q. for the 90-foot span, a pos i ti ve decrease. 

Considering the ur,doubtedly greater efficiency of the solid roll ed 

section the v ery sl ight possi bJ.e increase in cost hardly o.eserves 

any consideration . 

(19) I t is, therefore , in conclus i on, the opinion of this 

report that the two-angle strut as used in the . standard designs 

submitted are not efficient ana that t hey are an element of weakness 

in a structure ; that their 11.SB be discouraged in the future and that 

Bet hlehem sect ions be adopted in their place; or if impossible to 

secure t :'1is section at a reasor:.able cost the use of the alternate 

built H section is ac1.vised . 

L-3355 
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A PFENDIX 

The Strength of Vlrough t Iron Columns 
b:r G. :Souscaren 

;rrans. A.S.C.E" Vol. IX 

These elq:>eriments have enabled me to accomplish the object for 

which they were instituted, vi z ., the p roporti oning of c omp r ession 

members built by different c ontractors with the same margin of safety 

and. have led me to the followi ng conclusions. 

3d . It is essential in bull t columns to thoroughly fae.ten 

together the several par ts or segments that they may act in a sol idary 

manne r as one continuous metal l i c body and to guard against lat 3ral 

flexure o r buc!...:ling of each part and also against l or:.gi t udinal relative 

motion . 

4th . A due r egard t o the economy of material demand.s that the 

tnickness of metal a.'1d in built columns the spacing of t he rivets 

shall be so proporti oned that thu c olumn shall fail by fl exur e as a 

whol e bef ore any local buckling or flomre shall take p l ace . 

It wus establishe d thnt for that r a ti o of length to diamete r 

the thickne ss of rnctal shou1. (l not be l e ss t han 1/30 of the dist< ... nce 

bet ween supports traYlsv0rsely iU1d tha t t.he clis tanc e 1)ctwl~ en rivets 

longi tudinally s:10uld be such th,.,t t :1C length of channel sp=ning . it 

c onside red :\.8 C c ol umn shall C:"i vc tho same resi stance por squ?,re inch 

of nrea ~s t he column it scrtf . 

Tests shown are Llrgely of Fhoenix und Keysto.nD section.s 0..5 

Vlell as box 2.no. I s ect i Oji S of wrought iron. 
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Tests of Metals 
Watertown Arsenal, 1881 

'rests of Yl. 1. columns of lengths up to 311-6 11 of box sections, I 

sections , and Phoenix sections. Areas from 2.33 to 17 .65 sq. in. 

Tests of Metals 
Vlatertown Arsenal, 113133 

Tests of BUilt-Up VI. I. colunL~s of various shapes . Areas from 

7.621 sq. in. to 20.954 sq. in. Lengtlls up to 320 iloches. 

Tests of Metals 
Viatertown Arsenal , 113134 

Tests of Built- Up VI. I. columns of various shapes. Areas from 9 .14 

sq. in. to 21,49 sq. in. Lengths 10 feet to 25 feet. 

'rests of Metals 
V/atertown Arsenal, 18135 

Tests on VI. I. latticed. COl.UllmS, 

Te st s of !.'et al s 
Watertown Arsenal, 1909 

Tests on steel columns of various secti ons. 

Tests of Metals 
Wate rto wn Arsenal, 1910 

Te sts on columns of carbon and nickel steel of I section. 

Test s of Metal s 
Vlat e rt owfi Arsenal, 1912 

Cont inuation of wo rk of 1910. 

Tests of !feta.ls 
l'Tatertown Arsene.l, 1914 

Tests on steel columns of I sections. 
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No . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
60 
61 
62 

) 

"The Strengtn and Elastici ty of Structural Steel" 
by James Chri stie 

Trans . A.S.C.E . • Vol. 13 . p. 254 

l.J1.ti ",ate 
Shape Section 1 l/r A Resist~!ce 

[per SQ. in. 

Angle 3 x 3 x 5/16 182~ 303 1,9 7895 
Do Do 169.4 282 1.. 9 90g1f 
Do Do 132.1 220 1. 8 14230 
Do Do 84.4 141 1.84 25434 1:~'o t 

Do 3 1/2 x 3 1/2 x 11/32 168 .5 241 2.18 9525 M 
Do Do 133.5 191 2.24 21101 F 
Do Do 154.5 221 2,25 14321 s 
Do 3 1/2 x 31/2 x 5/16 182 .6 261 2.25 12364 
Do 2 13/16 x 2 13/16 x 5/16 132 324 1:86 5800 
Do 2 1/2 X 2 1/2 x 1/4 [ 81i.2 169 1. 24 25560 
Do Do I 84.3 169 1.22 23176 
Do Do 42 .3 85 1:24 34443 
Do Do 41.4 83 1:24 . 34390 
Do Do 24.1 20 1.22 No fail wi 

load of 5 
Do 2 x 2 x 1/4 24 .3 61 ,98 40803 
Do Do 24 .1 60 .97 lf4098 
Dc 3 1/2 x 3 1/2 x 5/16 145 207 2. 06 12238 
Do Do 139 .2 199 2: 06 18835 
Do 2 1/4 x 2 If-l x 11/32 39,2 198 1. 45 20400 

e 
ild. Steel 
lat Ended 
truts 

th total 
0000 
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"Experiments on the Strength of Yl rought Iron Struts" 
by James Christie 

'hans. A. S .C.E . , Vol.. 13, p. 85 

As tests were not on steel sections article is not sQ~8arized. 

E" .. p e riment s on Z- I ron Col.umns 
by C. L. Stroebel 

Trans. A.S.C .E . , Vol. XVIII, p. 103 

In be 
5/16" thick. 
and 19 ' -3/4" , 

t e st columns 2 1/211 x 3" x 2 1/2" Z iron s we re used 
Six columns ' were tested of lengths lOt-I:. 1/4" , 15', 
two columns for each length. 

No. 

Tests 011 specimens show reduction in area rangin.g from 
15 percent t o 24.80 percent 

Elast ic limit from 31230 t.o 3G010 lb. per sq. in . 
Max. load from 46240 to 54820 lb. per sq. in . 
Extension fro", 11 p8rcent to 21. 50 percent 

Section 4 Z bare.. Laced : R = 2.0') 
Col. I Lt. Col. ~ Vit . A U}. t. Str . per sg . 

1 19 '-03/4" 112 699 9 x 241 33500 
2 15 '-0" 88 570 9 x 48 34600 
3 10' -11 1/4" 64 421 9.!+35 36300 
4 10 ' -11 1/4" 64 L,41 9 .954 34600 
5 15 '-0" 88 560 9.28 36600 
6 19' -03/4" 112 754 10 x 104 33700 
7 22 '-0 11 129 805 '3 x 286 30700 
8 22 '-0" 129 305 9 x 256 29500 
9 22' -0" 129 805 9 x 286 30700 

10 25 ' -0" 146 900 9.156 28100 
11 25' -0" 146 925 19 x l'56 28000 
12 25 ' -0" 146 930 9 x 516 28400 
13 28 ' -0" 161, 1025 9 x 375 27700 
14 28'-0" 164 1050 9 x 6113 28000 
15 28' -0" 164 1025 9 x 375 27600 

in. 

. 

L-3859 



) 

) 

Some Expe riments on the Stre:lg:th of Bessemer Steel Bridge 
Compres£!io!1 Members 

by James G. Dagron 
Trans. A.S.C.E., Vol. XX - 1559, p. 25)+ 

The columns tested were eight of the following lengths between 
pin centers, viz ., 16 f eet, 20 feet, 24 feet and 25 feet 7 1/2 inches, 
two col umns of each length be i ng eA~erimented upon. 

The six shortest columns were made up as follo ws: 

Ij angles 2 l/l+ x 2 1/1.; x l/ll inches 
2 plates 8 x 1/4 inches . . . . . . 

= 
= 

4 ?u .- , 

4.00 
13 . 24 

sq . in. 
sCJ.. in . 
sq . in. 

The two longest colUJ"n s were composed of the following sections: 

The 

4 angles 2 3/4 x 2 3/t!, 0: 5/16 inches 
2 plates 9 x 3/8 i nches . . . ' . 

= (; . 45 sa. in. 
=~ sq . in. 

1. 3 . 23 sCJ.. in . 

rivets '>"ere of soft st eel 5/8 " in diamete r a lOd power driven . 

Blow 3345 Blow 3347 
Ela stic Limi t in pounds :per sCJ. . i n. I 51190 53590 53140 53150 
Ultimate Strength 311440 84750 83630 83760 
El ongation i n .5 inches, percent 18 . 75 13 . 75 20.75 20 . 2 
Reduct ion in area, percent 33 .23 30 . 55 37.78 39 . 2 

~!o . of iill-timate 
Col. Area Lt . 1. 11' Str . Remarks 

1 8 . 24 16'-011 42.05 41020 Fail ed by bend. down at rivet in l att icing 
1 ' · . 

1' -10:;:" from ctr. buck . n . a."lgles & web pl . 
2 8 .2tl 16'-0" 42 . 05 41650 Failed. by bend . up at riv. in l at. at ctr. 

·~uck. fl. ang, & we'c. pl. 
3 8 . 24 20'-0" 52 . 564 39440 Fail b/ bend . up bet . latt. 3 ' f rom ct r , 

152 . 561~ buck. fl . ang . & web pl. 
4 3.24 20'-0" 41650 Fail by bend . up bet . latt. 4" f r om ct r . 

buck. fl . angles &,web pl. 
5 3 . 24 24t_QIl 63 .075 40230 Fail by bend , upwar d bet . l a tt. 9~ 1I from 

ctr . buck . fl . ang. & web pL 
6 8 . 24 24 ' - 0" 63 . 0'15 40070 Fail by bend, up bet. latt. l '-5 3/4" from 

ctr. buck , fl. ang . & web pL 
7 13 · 23 25 '-7t" 58 . 795 35570 Fail 'oy bend, up at riv. in lat . 3' from 

58 . 79138810 
ctr. buck . fl. ang, & web pl.. 

8 13 . 23 25 '-7t" Fail by '"end . up ~t riv. in lat . I' from 
ctr. 'ouck . fl. ang. & web ]21. 
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Failure Tests of Fu.ll Siz e Compressi on Members 
by C. F. Jlu.ehan1\n 

Eng . News, 1907 , p. 685 

Deseri 'oe s tests to failure of VI.I. and Steel Colu;nns 
from 1538 to 1907. 

) Only a few eolUJTms listed here. 

) 

) 

Col. IX. Material, Bessemer Steel. 

Section: 4 L S - 6 x 3 1/2 X 3/3 11 laced 
Single 2 x 3/8 11 'Dars 

Shape I , l ength 25 ' 0" 

A = 14.22 sq. in . r = 3.1 l/r = 97 

Failed I'.ear center, the ou.tstanding legs of angles ·oucking. 
Elastic limit 12600 lb .. per sq. in. 
Max. strength 21900 lb . per sq . in. 

Col. XVI . l.aterial , Open Hearth Steel . 

Section: 2 LS - 3 x 3 X 3/5 11 

2 LS - 4 x 3 x 3/8" 
1 cover pl . 22 x -:'/8" 
2 web pIs. 16 x 3/8" 
L,"cing 5 x 7/16" si!'gle 

A = 29 . 36 sq . in . r := 6.44 l /r = 46 
~ 

Failed by crippling of lower flanges ne~.r center of chord. 
Elastic limit 25500 1 b , per ea. . in . 
Max . strength 30640 lb. per sq. in. 

Col. XVII. ~;ate rial, Open lfen.rt;, Steel. 

Sect i on : Box 2 v.'ebs 10 x 3/8" 
4 LS - 3 x 3 x 3/5" 
La.tticing, si llgJ.e - size not stated . 

& = 15 .S sq . in . r = 3.72 

Failed by crippling of flanges near center. 
Elastic li:nit 19000 Ib, pel' sq. in. 
;1=. st rength 31G80 lb. per sq. in . 
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Col. XVIII. Material, Oren Hearth St eel. 

Section: Box 1 c ove r ]Ol. - 22 x 3/ '0 11 

2 LS - t op 3 x 3 X 3/8" 
2 LS - bot. 3 x 3 X 1/2" 
2 web pl~.tes 18 x 3/811 
Latticing, single, 2 1/4 x 7/16" 
Length 20' -9" 

A = 32.11 sq . in. r = 7. 29 l/r = 34 

Failed, by crippling 10Vle r flanges near center. 
Elastic limit 22600 lb . p e r sq . in. 
Max . strength 31890 lb . per sq. in . 

Col . XIX. Material, upen Hearth St ee l . 

Col . essentially same a s Col . XVIII. 
Failed by crippling of t op flange near pin plat e s a t one end. 
Elastic limit l c 700 l b . pe r sq. in . 
Max . strength 33950 n. per sq . in. 

un tile following pages are sho,'m photographs of typical 

failures of the 'oox sections t e ~t ed . I t will 'De not e d that the regi on 

of failure was neC'. r the end of the c oluum where the lacing ha.d been 

stoppe d to allow for the ent8 ring I"eb members. 

L-3862 , 



FIG. 7B. PLUNGER END AFT ER FAILUR E; WROUGHT-IRON 
T OP CHORD. BRIDGE I, T., W. V. oS. O. R. R. 

Mulman. load . ~.:!IO Ibs. par 1<1.. ID . 

FlU_ 91l. VIew After FaIlure: S teel Post. B"dg e !l. 
T .• W. V. &, O. R. R. 

~I :"i ",,,,,, I,,,,d. ::7.;~ .. II". PC I' >'1 . Ill . 

FIG.8B. PLUNGER END AFTER FAILURE; WROU GHT-IRON TOP CHORD 
BRIDGE 3, T ., W. V. oS. O. R. R. 

Maximum IOld. 2!l.!'«l lbo. per 1<1,. In. 

F ig . lOb. Tail-Block End Alle r Fil ilure; Wrought· 
Iron Top Chord, Bridge 18, T ., W. V. &. O. R. R. 

Maximam lo:;td. ~.~'OO lin. pe r Ill. in. 

Tyni c,ql Fai l ure. of Columns in :2ucnanrm's 'Pe sts 



FIG. 58, PLUNGER END AF T ER FAILURE: WROUGI-IT-IRON TOP 
CHORD, BR IDGE 75, CINCI NNATI DIVISION, P., C., C. &. ST. L. AY . 

Maximum !olld. 2~,:"~ Ibs. pe t ;;<.!. In. 

FIG. 68. PLUNGER END AFT ER FAILURE; WROUGHT - IRON TOP 
CHORD. BRIDGE 25. C .• R. &. C. R. R. 

Max!m um load, 28,220 lbs. per SQ. In. 

Typi c~l Failure s of Co l umn s i n Buchanan' ~ Tes t s 



Heat 
No. 

) 17673 
17749 
2u6 

17065 
2lg2 

) 

Report of Royal Commissi on nn ~uebec Bridge 
Eng. Rec . , Vol. 57, p. 529 

After the collapse of the bridge, the Fhoenix Bridge Co., Rt 
its own cost and on i ts own i nitiat'lve, built and test ed "one" ci:ord. 
This model chord had the same rela.tive dimensi ons as the No.9 chords 
of the Q;uebec Bridge. 'rhe test was IJ'ao.e on November 21 and 22, 1907 
under the direction of Frofessor W. H. Burr. 

Nickel Steel. f or Bri dge s 
by J ... !I.. L. V1ac1J>31 1 , 

Trans. A. S.C.E . , Vol.. LXIII, p. 101 

F. 246 - T,'el ',e s truts weTe de sig,.ed f o r t ,1 is test, three of 
nickel steel 10 ft. long , three of t he same, 30 ft. long from c enter 
to center of pin holes and the same number of each lengt;1 of medium 
carbon steal. Each w?.s built of f our a 'lgles 3 x 3 x 3/8 in. and two 
p l a.tes 12 x 3/8 in. laced on two s i O.6S with bars 2 1/2 in. fmd 3/8 in. 
a nd had an area in cross section of 1 7 .l~4 sq. i n. The ends were 
heavily reinforc ed to insure fnil ure i n the ·body of the s t rut. 

vs ca.L rope r 1 8 S Fh i ; Pt· 
I Elong. I, Red. Heat I: Elong. Red. 

El.Lim. Ult.Striin g in . of Area No . El.Lim. Ult.Str. in 8 in. in Area 
Nickel Steel C.:trbon St eel 

67500 112600 
, 

"·'ll 1.,1 "20 I 44200 66200 29,25 56 .2 I - - I 
u'-25)' 37100 61300 31.75 56.2 <) _ T 

58900 92800 19 . 5 28 . 11 601 61 )+0700 60800 30 .25 60.8 
68500 1086eo 18 . 75 1'1 . 3 , 
'i6~00 77600 25 . 50 1: ') I 

The short stl~ts failed by the buckling of the angles and side 
plat e s. in four cases at the middl e p a'lel. and in two c~ses at the panel 
next t o the middle . . 

The long struts f<lilad by bending . The distortion of the pin 
hole was not appreciable. 
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c: ) . - _,_.f.. _ , 
Col. No , -St~el -ri.t. 'Ult . Str , 1-0 . :Qer s9 · in. I l/r 

]. Ni ckel 10 ' 108500 25 .5 
2 Ni ckel 10' 68500 26 .5 ., IHckel I 10 ' 69200 26.5 
J 

1 Carbon I 10' 38001) 26 .5 
2 Car-Don 10' , 39800 26 .5 
-, Carbon 10' 38900 26 .5 
J 

1 Nickel 30 ' L,4400 79 . 5 
2 Hicl<el 30 ' 47200 79 . 5 
3 }'ickel 30' 42500 n ,5 , Car bon 30' 30500 79 . 5 • 

r = 4 .53 

) 

) 



) 

) 

) 

·!ea~a of Budl' Up Steel and Wrought Iron Compression PieceB.' 
:By A. N. !81bo~ and R. J'. Moore . 

!rans. A.S.C.E •• Vol. LXV. p. 202 . 

' The prinoip81 ieats ·.were lII&de 011 thefollonng oompression pieces: 
(a) a steel column (c81led Column No. 1); (b) four wrought iron brid8e 
posta which had aeen long aerTice in a bridge trllea; and (c) three pOBh 
I¥ld a ~op chord in a railroad bridge under eemoe. 

These t.ssh were hlten up 1I'Uh a Tin of determining e%perimen~8117: 
(1) somet.hing of 'he ftl'iat.1oll of at.reaa both lOllgitu.d1nal and later81 
tJl/.'oughout 'he channel membera of ~e oompressioll pieoe; (2) something of 
the amoun' and distriwt.1on of at.reea in t.he lat.t.1ce bars of columns and 
the act.1on of similar bus underlleparat.e hat; and (3) the gener81 rela.­
~10Il , be'1I'een . 'he component part. of t.he column aa a ~ole. 

Data of Columna 
Col. Col. I. I. POlh White Heath Bridge 

De s1gnat.1 ,on 10. 1 loa.2.3.4.5 letelh loah Upper chd. 
2a64a 

~rea of ,col. in inch 18.76 17.64 . 17.64 12.02 118.67 
~ength can'. to can'. 21'-0' 15'-10' 14'-7· 25' 19'-10' 
JilIld conditione lin. lill lin Low. elld live'ed 

pin up 

1/,1' axil par .laciil« 
.Iid riv. 

37·8 43·' 110.1 66.1 4o'l ~Zr axia per. laoing 37·2 41.2 38·0 41.0 29. 
1/1' of each n. axil , 
' per. '0 lac. for ~1 
• ' U. col. 

,1/1' of each n.ma.axil 
593 400 367 416 

, all before for di B' • 
, between adJ. iao. 1'1 vet. 37.·7 
Lat.t. barB dimenlioll of b:l/..41 i 

lleot. in inchea 1-1/4:.:7/16 
lind of 1ao1111 IH.1I61e 

~le of laU. bar 1I'Uh 
~8 of col. 63°30' 

eo/.No.! 
" 

t1: 
w./,post 
Cols.2-J·4-5 
2-10";;; 

33·7 
2-1/2 z 3/8- 2i3i'ys . 22.2 

2-1~z3l8 2-~z3/8 
011 bot. 

DoI&bll »ov.'b1e »ov..rlT. 1. Oia.o cover p 
ali Croll 

II~ -,- ~~ ~ 011. 'be 

~.' n 
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F. 240 - "Does the built .. up Column act as a Unit)" Engir.eers 
have often expr essed doub t as t o wb.Gther the part.s of a o'lil t-up 
colu.rnn act as a unit, althoueh c al uon f ormulas assnf:":e this ur. ity of 
acti on . The tests threw some light on the question of t he intet~ rity 

of cross section uno.er load. 'rhe i ndividu.al channel, of course, 
. acts as a unit to reeist bending action , t hough there 0.re indications 
of twisting . The integrit y of t ile whole secti on with r eference to 
a plane parallel to t;18 lncing see:"s p r obable, except as twisting 
action results. Wit:, reference to a pla!1e throuGh the axis perpen­
dic1Jlar t o the pla.ne of t~le Incing, t~:.i s unity of action is not so 
certain . The tests on the distribution of c r,mpressive stress and 
likewise the cross -Den ding tests ind.icat.e thn.t these built-'Jp c ol 1J 'IlJls 
did not .in all cases act as a unit but r athrJ r as two colucms not fully 
re strai ned by the laci !1g . The s t resses in two channels at point s in 
t:le Sfir:1C cross secti on d.o not g i ve the r ;;;gularity of v:J.riation ..,.,hich 
would cxi st if t he column bent as a uni t . T11e elastic c urve assumed 
by Co) . No . 1 lmder cross ben~_in& 1 0"-<'. , shoym in Fig. 2, Flnt e XII, 
diff e rs from the computed clast ic c urve , thow;h that for the wrought 
iron colUll'.n3 g ive littl e diffe rence . b the case of the posts of 
the Vlhi t e Heath Bridge, however , the re is much closer ~rcoment und 
a s,eomir!gly closer approach t o 1lY} i t? of [-!.c ti oT!.. 

"Excess of M(\x. Fibre Stror,s ove r AV8rp.ge StresG i:-. Channel 
Me;nberE. 1I The di::-t.gro.ms [I.!ld dnte.. show th::lt the c 0~pressive stress is 
unevenly d.i stri butod over t ho cross soction of the colwnns listed, 
ar,d also that there is gr e::tt v:;.ri.'l.tion in the d.istri-oution l1t the 
v.'l.ri ous sec tions l1long the length of the column. It will be noted 
th::..t in f!. number of sections the exces£ of s tress WP.S from 40 t o 
50 pe rc ent. In one te nt of Column No . 1 ~ exc e s£ of 67 pe rcent 
"'.'l.S found rc..,d ilO the Vlhi te Heath Bridge an exces~ of 73 percent. 
Possi ely ther.e value s we re u...'1unu.o..l or the observnti o!1s were e r ratic t 
but the i ndic"tions of e. fib r e strsss of from 40 pe rcent to 50 pe r ­
cent in excess of t he o..vernge strcz~cs W6 !'"C not unc OlTHno n . 

It rna:{ be secn t h:"l.t ~.!nong the Causes to w;li c ~\ t ~ 'lC higa fibre 
strenr. !(lay be a.ttributod a rc ! (a) r·J)n- f:tr[1.ig.~tness of the column 
1l.G D. whole, (b) non-str:.:tigntncss of the c omponent ch?.nnels , or 
ecc entricity in ~hc c.elivery of r:trOt? t o them by the lr\cing , ':··.nd 
(c) unkno vm eccentricity i n t he 1'pplicn.tion of the 10a(1. 

"Eff8 ct of Cover plates ."\ne. End. Connec tion ." In the tcete of 
the VThi te He"th Bridge, t :1e effect of the cover plates seems st r iking. 
The upper chord, U3Ul~ composed of t wo -,m ilt-up chan'1els ,'lith 01'0 cover 

plate G.'l.ve p.n excess fibre stress of 20 percent t'.t the worst secti on, 
while the posts c omposed of tno Chf'Jl"' els I nced on ·DOt:l sides gave n 
mnxi mum of 73 pe rc ent . The high vf.\ l1: e in the posts mo.;r be d.ue t o 
other Cau.~.8 S. but i t seems rensonnble t o 8 :>-'-P8Ct th.'\t the cov e r plate 
wi ll net to reduce the irregulo.riti cs i n f.'1-o ricnt i on . 
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Panel 

1 
7 

13 

1 

5 
8 

1 
6 

13 

The connecti ons of the ends of the posts evidently ex.~ rt ed 
a very noticeable effect on th" stress distri bution . In one of the 
posts tested, the stress was greatest at orie corner of the post at 
the top and at the diagonally opposite corner at the bot tal!'. It will 
be r el!'embered. that the posts we re riveted to the top chord and were 
connected with the l owe r chords by pins . The floo r beams were 
riveted to the sirle of the posts and tilis connection affects the 
stress distri'outi oE . Readings of deformation taken on the floor 
beams and posts show t hat L"le loaded beam was part l y restrained at 
the ends by the post and that there wa.s an appreciable bending in 
the post. 

"Stresses in Column Lacing . " I t is evi dent from the tests 
that the relative stress in the two channel members varies considera'oly 
from end to end aC1d that the st ress in the lat tice 'oars al so varies. 

The amount of transverse ?hear necessary to produce the maxir:ru.m 
observed lattice-bar stress is of interest though , of course , it 
cannot be taken t o 'De conclusive . Tile 1:1easurement s were gene rally 
~ade at working loads . So far e,g TI!easurements were Inctde on colur:ms 
te sted t o failure, t he distribution of stress remained much the same 
up to incipie"t failure . Tile vaJ.ucs indicate maximum avers.ge stresses 
in the bars .such as wonlcl. be c-?~uscd. b~' a transverse load ranging f rom 
2 to 6 pe rc ent of the central compre s sion load or of a transverse 
shea.r one-half us great . 

TC\,ble f~O. Stresses in Colunm No . 10 
'reot "0 -" " 

,. 
North Channel South Cha.'"lnc1 

West Side E~."t Silt~_ West Side East Sio.c 
Outer Cent. Inner vuter ~ .' \.lone. Inr..er uuter Cent. ' Inner Outer Cent. Inner 
Fi"Ore Grav . Fibre Fi b re Gr;;.v . ~ .-

~ l ore Fi ·ore Grav. Fibre Fibre Gre-v. Fibre 

1 3800 10400 9500 7500 8800 8900 
10400 10700 10700 11900 }l000 10800 9200 10000 10000 8400 3300 3300 
126001 9500 9500 8300 8l~00 8200 I 7200 9300 10200 11000 10800 10900 

Column No.3 , Test No. 7 
9300 I 9000 9000 8)100 9500 10000 10000 9000 10100 8200 8000 7900 

10200110400 10500 8500 9600 9900 10100 9800 9700 1 0400 10200 10200 
9300 9600 9500 10200 10900 11000 7600 9600 10300 7300 9900 10600 

5000 
3600 
1 300 

Strcss:es in Fosta of Vlhitc Heath Bridge 

53001 5400 
360° 1 3600 
1500 1500 

2600 
3400 
2800 

P oct U3L3 South 

2700 2700 II' 1+9CO 5000 I 5000 
3800 3900. 3l~00 3400 3400 
2700 2600 II 2600 2900 3100 

2300 
4100 
5200 

2500 
3400 
4900 

2600 
3200 
4800 

Post U}L3 North 

1 4900 4900 4900 2600 2500 250011 48001 4900 4900 21001 2700 2800 

_ 6_*---,_33_0_0--,-_3, 3_0_°--,-_3 3_0_,0--,-_36_0_0--,-_3h_)C_lO--,-_3_500 li~500 470_°--,-4_8_0_0--,-_20_0_0--,-_24_0_°--,-_2_60_0 
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'rabl e 1"0 9 - Stresses in Uppe r C"o rd at VIh' te Heath Brid;;e .,. , . , 

Lower Side (Laced) 
Ii 

~er Side (Cover Plate) 
North Channel I South Channel Cive r ! Crver 

Panel Oute r I nne r uuterj Inner I Di st. from No r th For ti1 South South 
Fi 'o r e Fibre Fibre Fibrl'! end i n i n . Ed~e rfeb .Flo We-o.Pl . Ed,ge 

'1 4300 3900 5000 5500 23 5500 6000 5200 5700 
5 5700 5400 3900 4800 129 4800 5900 5900 5900 

J.O ~qOO ,5100 4400 4900 . . Note by J . I , Q, . - Tne readlngs abovo gl yen a re tal<en at. ranO.om and a re at 
both ends and center of column . I t must be bo rne in mind tha.t the observa­
tions 9.re simult aneous only over one secti on at a time . The o'ose rvations 
o; i ven at the center a r e not sirnul taneous with those at the ends nor tho s e 
at the ends with each othe r. tiThe load gene rally used in the labo ra,tory 
tests was 10000 lb . per sq. in, of section of the C01Uffi.l1 in exc ess of the 
i ni tial loacl . Oro te - initial load was ' l.i (;ht ' )." 

J.a e J . - o su-'_ T. S 0 .!. cz S 0 . a1 ure 
Column No~_ -, 2 ") 4 I 'i 2D. 4a -

m bl R f m t t 1i"1 

Test No . 6 7 8 q n 10 
Method of loading Central Central Cent ral Central ubliquc Central 

4800QQj 4')20<:'0 
Arm 2" 

Load at fail . lb . 466000 4-92000 475000 U7"000 
Ave. stress at fail . 26400 27200 25700 27900 26900 26900 
lb . per so . in . 

M , . • 'c" •• , <aU. t 
in t ests of short . 36BOO 36800 36800 36800 36800 36800 
p i ec·es of fl. membe rs 
in l b. ~er sg . in . 
Pe rcent of excess of i 

),3. 5 ult imat e strength of 39 · 5 35.5 32 . 0 37 . 0 37 . 0 
short pi ec es ove r col, 
strength 

264000 Load at first s i gn of 317000 '-;;,,7" 000 264000 0 ,,0. 

yield i n l b . 
Ave . stress at firs t 
sign of :;i eJ.d i n lb, J.8000 15000 l)·f500 15000 
~e r sg. in . 
Method of failure and End E!i.d End ]o .. '.'ed at Buc"::led Bowed Il.t 
remarks I failed fe.iled failed mid. in ner"1r bot. mid . in 

I 
plnne i n plane plnne 

Ipe rpen. parallel perpen . t o 

I I to lnc . to lac . 10.c . 

L-3869 



) 

) 

) 

;rable 1'0 9 - Stresoes in Upper C" ord at Vih'te Heat\, Bridp,e 0 .,. ~ 

Lowe r Side (Laced) " ~er Side (Cover Plate) 
North Channel I South Ch.annel 0ver I Crve r 

Fanel Outer Inner (IUter I I nner I Di st . from North Norti1 South South 
Fibr e Fi b r e Fibre Fibre end i n in. Edge :Ieb .Flo Vle-D .Fl . Edge 

·1 4300 3900 5000 5500 23 5500 6000 5200 5700 
5 5700 5400 3900 4300 129 4300 5900 5900 5900 

J.O ,)900 ')100 4400 4g00 . 
Note by J. I . '1. . - Tne readingr, abo'To .Si ven a r e taKen at rand.om a.nd a r e at 
both ends and center of column . It must be bo rne in mind tha.t the obse rva­
tions a.r e s i mult aneous only ove r one sect i on at a tiTI'e. The o·ose rvati ons 
g i ven at the center are not simul taneous with those at the ends no r those 
at the en d.s with eac h othe r . liThe load gene rally used in the labora.tory 
tests was J.0000 lb. per s'l.. in. of section of the column in excess of the 
i nitialloacl . ( No te - init i al loa.d. wa s 'J.i (;ht') ." 

• , . - R!:'> su" ts of li\; C"ts to lrailu'Y'8 ~ .. - - ~, . . . 
Col um'l.Jl 0" __ . 

~ 

"' 
4 2 I 5 2a 4a 

Test No. 6 7 13 9 1) 10 
Method of loading Central Central Central Central ((olique Central 

Arm 2" 
Load a t fai l. lb . 466000 4130000 _.520(:0 4.92000 4',)OO{) 47"000 
Ave . stress at fail . 26400 27200 25700 27900 26900 26900 
lb. 12er s 9 · in. 

bo . ' '0"' ae ML t 
in tests of sho rt . 36300 36800 36800 36300 36300 36300 
pieces of fl . membe rs 
in lb . 12er sg. in . 
Fercent of excess of I 

)~3. 5 ult i mate st rength of I 39 · 5 35 · 5 32 . 0 37 . 0 37 .0 
short pieces ove r col. 
strength 

~,,-:-:- .-;;:.? f) - 0 Load at first sign of 317000 264000 c :.o,.u 264000 
yield in lb . 
Ave . stress at first 
sign of yi eld in lb. 18000 15000 1)+500 15000 
12 e r sg . i n . 
Method of fo.ilurc and End E!",d End Bo\'!ed "t Buc:{led Bowed at 
remarks ifailed failed failed mid . in nc;).r bot. mi d. i n 

L 
pLone in pla.ne plnne 
IPoI1Jon . para.llel perpen . to 
Ito Inc . to lac . lD.c . 
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Result s of Tests 
p. 203 

I. Variation of Stress Throughout the Length and Cros s Section of 
the Channels and of the Colu.'l1Yls a.s a. Vlhole . - Chan:1el members show 
evidence of considerable l ocal flexural action, such as may be produced 
by lack of straightness or by any method. of applying the l oad. eccen­
t r ical ly. This is especially t~~e i:1 the flimsier column. 

The cond.i tion of flexure vari.es markedly throughout the length 
of the membe r , in some cases t~1e maximllID compressi on i n one c ross 
section being at the extre::'Le fi bro on one si cle of the c hannel and. in 
a nen.r"by saction the other ni c.e of the c hannel showing the excess of 
stress. 

'rhore we re indicati on s of r,udcen chan~res in tho relative amotmt 
of stress carried by tho two chai1.nels at ne~.rby sections i n0.ic2_ting 
gene r al flexure of t h e column. 

The measurements made i~dic[l.te i n a numbe r of c n.ses stresse s in 
the extreme fibre from 40 to 50 pe rcent in exc ess of tho :1Ve r :'..g8 stress 
and in somo cases even hi gh e r. 

The amount of ecc ent ri c ity nccGsGar y t o account for tho increase 
of stress found i n ind.ivid.ual channels, b"sed on l"cic of strai ghtness 
and the o r di nD.ry theory of fl e )"'Ure is · r e l ati vely sm,'oll. 

II. Stre~, s in Lattice Bars. - The p.mount of def ormat i on obsc rved 
in latti ce bn.r~ is rolatively crocil . 

The mcrtsurements inliic;·',.te [\ stress in the In.ttice bars which 
would be produced by .0. t"rmsvc,'SO s'1o.o. r oqu~.l in amoun t to. 1 to 3 
percent of the n,ppli cd c o:np r cssion lon,cl or thitt prod.u.ced by n. concen­
trat ed trr.nzverse ].o::>.d a t the mi d.dle of the column e qu.".l to 2 to 6 
p e rcent of th8 c oc'P r e ssi on lo."d . 

III . Teet of L"ttico B"rs . - Teets of lattice b.o.rs for lond carrying 
cap8.Ci t y show the usual f orm of oo.r is 0. v Cr'-J ineffic i ent comp ression 
membe r when lO['.dBd ecc ~ntrically through n r iveted connection. 

I V. Rel at i on between Componon', P11rts =d the Column as " V/hole . -
It is ;;. quert i on whethe r the componen t I:1emOers of 0. built - up colurrm 
:lct togethe r t o form a n intt'[Sr:),l co!!:!p ro :3sio!1. piecG cspcciD.ll~r in 
r e sisting obliqu.e distorti on . 

Tile cli s tri-bution of stI'e~3 uncl(;r wo rking loads, ,:""l,nr... even up to 
incipi ont failure ma:v be qu.i t o diffol'cnt from thp.t which exists when 
the column bccor.!os cri -pplod. Thi s i s ('ue to the y i olding of tho more 
strained p(\.rts ['. .. :ftcr t ·.!c y i eld point it: ronched. n.t 3:ny fibre Md t he 
conscqueEt redistribution of stress . 

}\To r oJ..'ttion h'\s boon f ou.nd b . .)tYlcon the strcs£c~~ ~,ctu."\.ll? oor·o rvcd 
o.ncl the ntrCG;::;8r, cor:lput c d. -0::' coluEm formul.;<.s . 

L-Yl.70 
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Some Teste of Large Steel ColUmns . 

. :By James E. Howard; 
Trans. A.S.C.K.,19ll,Vol.LIXIII, p.429. 

) _, 'l'hh. l>aper describes the tests of fiTe columns representing members 

of 'Brld«e No. 42 of the Pittsbur5h DiTision of the Pittsburgh, Olevelanci, 

Chica,coand St. LoU!. Ba1lw~ over the Ohio B1 ver, at Steubenville, 0llio. 

- , 

O.o.weos 

JectiQn:- 4-E- 6~ G~x %"1 
2 weDs-30/l x ~// 
2 weDs-/7~//)(:b 
La/I. Jing. 2~ // i I /I . 

. tZive! s J II dlo. , 
All holes sUbPunch ~Q cyndrecwned 

Verf.DI(y~hrC13rns- 4-E-.31'x3;'Qx~/"J CYbout . 
) '.. I WeD P/. 18/~~// s:€)qclrs. 

Tie P/. ·cyr ends IS/l)( i /Ix 2(../0 i #' . 

PinP/. JOllx 1'x 2~.J$// Ourside 
Pil? P/. 2c]llxi/1 x 2"--3~/1 /nslde 

Pil? P/s. 

) Tie PIO'le 
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Table 1. - General Ra su1ts of Te sts 

---
No. Length ._ Sect. Area Max. 10fV_l.S A]2]2 • -
of Feet Inc. llr in square Total in Lb. per 

Col. inches p ounds sq. i n. 
1 
2 
3 

4 

5 

20 
36 
36 

36 

36 

-
0 26.2 90 . 73 2 ,600,962 286S7 m.t. Fail. not reach. 
5 47 . 2 90 . 33 2, 600 ,962 28794 illt. Fail. lOot reach. 
5 47,1 90 .78 2,675,153 29469 Fail . locally at pin 

plates 
5 47,2 90 .32 I 2,72fi,315 30191 Fail. locally a t pin 

pla tes 
5 

1
47

.
1 39 . 96 i 2 , 742 , 950 30490 IFail . by web pl. buck. 

in at <J.ist.of 12 '-
i I 31t from end 

Table 3 . - Results of Test s of Rivet Steel 

" It ~ Pounds 'oe r san.a.re inch 
lV.e . '!:I -, + .... i m' 1 " t th -::-=_f-'J!>",~_as ". L P.1, . enS1. e :, reng _ 

3174 I 35120 52580 
122131 33430 53510 
1628(, 33730 51370 
16J.3'+ __ ,6320 0180 

Table 4. - Ma:<imum and l.ii nirnum Val ues of Elast i c 
Limi t n.nd Yield Foint in t.he Same lAel t . -= 

Flate l~e ta1~ -.-.-r - Eia-:;t-i~-i-i;;;it-i-;"-- -T ---
Yield Point s in 

ielt . lb. per sa . i n . lb . per sa . iI"!.. 
Max . Mi n . Diff . Max. Mi n . Di ff. 

6542 32250 23370 3330 36650 309'~0 77J.0 
16266 36200 29000 6600 39200 33460 5740 
2194'3 31300 30300 1000 '3,)070 34440 6,0 

If it is accept ed that the elastic limi t has a cont r oll ing 
infl'aence on the ul timatn st rength of a column ( a s .it is believed 
to have), then vo.riati ons of from 25 to 27 percent in t.h i s value as 
witnessed i n the tests of the metal of these plates D.nd ",ngles, would 
ove r shadow t hose considero.ti ons which find eA'P r ession in empirical 
formulas f or st r ength a~,d. t3ke no ,,"ccount of such featu r e s _ 
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The ultimate resistanc e of Column No.5 rose about 1000 lb . 
per sq. in. abov e the elastic limit of the weakest plate but did not 
reach that havl.ng the next higher value. The reinforcing effect of 
the higher elast ic limit metal of the angles and that of some of the 
plates was not adequate t o rai se l1'.aterially the strength of the column . 
~nile a compact type of colunm might receive substant ial benefit from 
its more rigid members , it woul d appear from the present example that 
such would not be the result ordinarily . It cannot be asserted by 
reason of lack of i ccenti ty that the weakest plate in this column actu­
ally was the one which failed first but it seems reasonable to assume 
that it was . 

The compression of the web plate of Column })o. 1 on a gauged 
length of 150 in. established along the middle of its wi dth was 
0 .0408 in. At the edges of this plate the strains were 0 . 0394 ond 
. olno i n . respectively, the moan of which is. 0006 in . less thon the 
observed st rain O!1 the middle eD-uged. :i.ength. 

Corre sponding measurements on the edges of the web plate on 
the opposit e sit1.e of the column €prc rec.di"gs of 0 .0467 £\J1d 0.0485 in. 
respect ively . 

The mc.?sureme!lt s which next follov'Ted. were on gaUGed. lengths 
of 10 in . each referl~ing to local strains in the columns, Qvor the 
same rru1ge of stresses &8 before . 

The 
.0029. On 
to . 0033. 
any, could 

ra.'1ge of stres s applind call ed for a compressive strain of 
the web the observod "trains were found to rango from .0026 
The influence of the c1.i 0.phragms a'1d con.Yl8cting :mgles. if 
not be traced in the rCSll1ts. 

The c OMpressions of the pin plates ranged from", plus strain 
of . 0040 to a minus strain of . OG06 in. Directly in f ront of tho p i n 
tnB compression naturally reached n. ITI?.ximwn while abrcac.t this place 
at the ode;es of the plate, the minus readings indicated th:tt the metal 
was in [I. s t c.te of tension . 

Observations wore mnde on four of t ho lattice b.'1.rs but in none 
of them wore MY strains detected, the range of stresses ap-pl ied to 
the colur.m being as first mentioned . 

Further test s were made 011 the compression of the metal in 
front of one of the p ins. Rapi d yiel~.ing occurred as the load was 
increased from 28000 to 33000 :p o'JIl ·~_ s per ' sq. in. referring t o the 
stress on the bearing surface of lOne p i n . The stress on t he sectional 
area of tile coluIDIl was t;1en only from 15000 lb. to 18000 l b . per sq . in. 

On Figs. 3 a..'ld 4, Plate XXXIX, are reco rded the per!nanent sets 
found on a gauged length of 10 in. each which resulted f r om applying 
a load of 28794 lb. per sq . in. to t.he coJ.un'.1l. 
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The mean set per 10 in. 0: length of web of this column was 
. 0030 . The ind.ividual sets are seen in range from . 0006 to .01SO i n . 

It is kno wn that in steel al'ld iron shapes the parts first to 
cool aft e r hot wo rkings are left final l y in a state of initial. 
compressi on. 

The mean unit £tress c ould be well within the elast ic limit of 
the member and yet local zones of overstrained metal might exist . 

I nitial strai ns induced by the rapid cooling of the shapes 
from the te!Operature of the roll ing may be augmented by initial st rains 
introduced b:t mec:la'1i cal operat i ons on the cold metal . 

Straighteni ng the shapes when c old introdllces i nit:al strai ns. 

P1IDcb ing an d. shearin£~ affect the metal over a wi ele area . 

Strains rna: .... ~ be introo.uc ed by the use of the drift pin . 

The c ont. ract i on of the l~ivcts in cooling .:lft e r fl.rivi:!1g i n the 
directi on of their length is O~~lO 8. cause for the intror.uction of 
internal strai ns . 
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Column Failure Wrecked Gas Holder. 
' Eng . ,News . Vol. 66 . p. 9 . 

On afternoon Dec. 7 . 1909. a gas holder collapsed. The holder was 
n~ e.n~ ~I'd been in service for only a week or t wo . 

9p.e of the columns 8)J.pporting the l).older floor ga.ve ~ so that the 
floor collapsed and that ,~he failure of the column r esulted from faulty 
desi~~ " 

The struts were compqsed of two channels connect ed only by tie plates 
at intervals. At least OPe of them showed torn tie plates and sheared 
rivet~ which indications presumabiy led to attribuiing the primary failure 
to a particular strut. 

The ruptured member in question was 11.1 ft . l ong c. to c. of end 
connections and was designed to carry a ' ma%imum compression of 118.000. 
The city's exPert estimated that at the time of coll apse it ,m8¥ have borne 
a load of 133.000 lbs. taking account of ~l unfavorable circumstances. 

This st~t consisted of two 6.3 in. channels (German standard channel 
No. 16) back to back lin. apart. Th~ combined sectional area of both 
channels was 7. 4 sq. in. They were not latticed but merely tie-plated at 
interval~ of 40 in. by plates 6 x 5/16 in. by 5-1/ 2 i n. long: these plates 
were attached by four 13/16 in. rivets . If the col umn section' be assumed 
to be integral. its least radius of gyration is 1.44 in.: the least radius 
of a 'single channel is 0.74 in. 

It m~ be noted that the mean load per sq . in . of section at the time 
of failure was jQst 18.000 lb. per sq. in. For the length be~ween tie 
plates (38 in. clear) l/r for one channel was 51 . For the whole length , I ' 
of strut. the val:1e of 1/ r was 93 . 

Bureau of Standards Report on Test of Steel Column 
For the N.Y.C. & H.R. R.R. 

Tested with flat ends not counterweighted: nom. section8.l area 
65.58. r = 7.06: l/r ~ 52.00 ' 

Length over all 30'-2": weight in lbs. 8285 
Section8.l area actual in sq. In. 64.92 

Secti'on 
2 pls. 22" x 11/16-
4Ls - 4 x 4 x 16 . 1 lb ... (4 x 4 x 5/8) 
2 pls . 13-1/2 x 5/ 8 
lacing 5" x 1/2" Sing. 
Diaph. abt . 8' -0· ctrs. 

Failed at 1.996.900 lb. = 30759 lb . per sq . in. 
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Progress Report on Steel Column s and Stnlts 

Trans. A.S.C.E., Vol. LXVI, p. 401 

Committ ee has examined r ecords of numfJ rOOlS c ompression tests 

and has tabulated r e sults i n a number of graphs. On page L-3876 is 

shown a diagram summarizing all of the important American tests on 

Columns to the date of the repo r t . 

Explanation of Di agram Shovm on Page L- 3,176 

'ro recl .lll~e the resu.lts of the va.rious series of test~ compiled. 

by the Comsi ttee to n. uniform basi s , th~ values hav e been adjusted 

to a g rade of steel of 60000 lb. ult ir.1a.to tenBile strength in speci­

men test s, by as suming that the ultimate c omp r ess i ve strength will 

vary as the ultimate t ensile strength . This method of ad.justmert 

probably o.oes I)O t accurately repl· •. scmt the law of variation of tho 

different grades of iron and steel , s till, a s the ndjuf.ted value is 

a fair mec.i um between the olde r iron <,.no. t he newe r steel it affo rds 

some o!1.si s of compari son . 

L-3875 
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OiagrCYrn No.of 
' ''''"-Sure Tests 

I 6 

2 :7 
3 5 
4 !2 
5 !2 
G /4 
7 17 
Cl 12 
3 /7 

/0 20 
II 12 
12 22 
14 /5 
15 8 
IG 12 
17 0 
/<'3 G 
20 37 

120 

~.,; ....... "" - .. 

t 
INDLX ~ .... 

NO'O?e Lkde /Yfcyrerjo/ ..5ect/on , 

Phoeni.)( Iron Co. 

G . !Jousccyren 
1/ 

Warer/own AI"" seno/ 

/1 1/ 

/I 1/ 

/I 1/ 

II 1/ 

/I 1/ 

1/ 1/ 

/I 1/ 

CIO'rk ~eeves G Co. 
C.L . .5lrobel 

J. G. LJO'gron 
C.p. tJuc/SCYI?O'n 
JA.L.Waddell 

1/ 

Wafer/own AI"" sena! 

, . 

' 140 

1873 
/880 

" 
1881 

II 

1/ 

/I 
i 

1883 , 
) 

1/ 

1(J84 

1/ 

1882 ; 

1888 
{ , 

I ron 

1/ 

" 
1/ 

II 

II 

1/ 

/I 

II 

/I 

1/ 

II 

/I 

Phoenix Cols. 

Channel q Box 

Phoenix eels. 

12" Channels 

10"· 

8" 
G" 

10" 
8'~L ~ Llox 

r to 10" L" .; L3ex 

G" Llox 

Phoeni')( Co/s. 
Z-J5cyr' Cols. 

/(383 §teel Open .60)( 

1837 /r9n{Sreel Variou.5 

1308 Niclce/.5leel Open L30x , 
1/ CarDOn 'I II II 

/I 

II 

:5Iee/ 

! 1/ 

, .Iron 

, :', ," 

Welded Pipe 
H- Columns 
IO~Chcynne/s 

. f; <0·:Jf::~~~:.>; .. 
;,~/60 ',;i" , 180 

ti,~j±~·2;>~s;~ .·-~:~ :'.;>~~~ .... ; " . .'_. ."'- ' .. ~ ., ._ .. -... -'- '. "' ." ~ ":' 
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Report on Collapse of Steel ]'rame of Theater 
Eng. Nev·s, Vol. 71, p. 34 

On Jamll,ry 22 . 1913. beate r in New Yo rlc City under construc-

tion was wreckeil. by colla]) 3e of its r oof . 

Tlle various o-pinions on the collapse ,Uffer r adically anil. due 

to t his obscurito' the aI'ticle is not stunmarized further l1ere, 

ColUJ!'Jls 
0. H. B8,sql.1in 1 

Vles tern Soci ety of Enginee r s - June. 1913. 
Vol.. WIll. p. 457 

Di scusses tests of Vl rought Iron Columns made at 

Vlat"rto,m Ar sel"..ol. 1581- 1882-1883, 

Ultima,t o Strength of Carbon Steel 
Models of ~uebec Bridge Members 

Eng. Rec., Vol. 70, p . 110 

The models of the now 'Drid!::e menbers ha.ve been nade a.'1d tested 

and ma.y 'oe considered as trle latect c.ev clopment in compression nembers 

to resi st excossively hcav~r stress in long span truss . 

I nasmuch as secti onG are of a design not ora.inaril:r under con-

sideration in short span bri dg8!3 the re ::mlts are not taotJl[.1.tcd here. 

Also fur t her tests on col,mmr. f or ~ebec Bridge noted on p . 541. 

Vol. 70. En{:. RccO!'d . 
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Summary of Reports on Columns 
Froc. A.R.E.A., Vol. 19 - 1918, p. 71'm 

Art. "Colm'ffl Test s" 

Report covers tests of twenty-four columns made during 1916 by 

the Bureau of Standards. 

These colmll!ls are variations of Column No.1, Series No.1; 

(C] two cha"lnels with fla."lges turned in) the same general dimen-

sions I area of cro~s sections. and slencl.erness ratios are usee" the 

variations consisting of (1) c~anges in size of rivets and lacing 

bars; (2) the lea.ving off of wing p..ud base pla t es; (3) the su'Ostitu-

tion of 'oat ten plates for lacing ",it:' varying dista."lces between the 

batten plates. 

Conclusions - p. 793. 

(1) Columns in which 'oatten plates are substituted for lacing 

bars will not develop the full strength of the section nJ'.d s<'1.ou.ld not 

be used. 

(2) T::1,(3 specimen tensilo tQ:~ts on whic:t l'J'k.'1,teria.l i s o rdored 

".nd. acceptcd affords no propcr criterion for the strength of a column. 

(3) A COJ.u.r.ll designed. so t~at it fails as a whole f1.."ld not by 

reason of lOCM wccJm(~es wi ll have 8-'11 uJ.timc'J.t o Btt'~:'J.gth of which tho 

compressive yield. point of the Jj'[.\t.c ri o.l of whi ch it is ;.lade up is an 

ind.ex, since the higher this yiold point is , the stronge r wi 11 "00 the 

col=. 

F. "lS9 - l .t may be st .~:.ted that the short specimen tostz show 

that, in compl'csnion, th0 thir.. r110.:!;oritl,l h[l,s Q. :nighnr clantic strength 

thrill the thick mc.tcrio.l, a1 though the originn.l spec imen test s on which 

the matcrinl 'Nas accopted g:.1.V8 ~")!',').ctically identical rBc1.l1ts :),s rt-;gnrds 

the el~stic limit in tension for t he thick ::md t h8 thin mnt c rial. 

L-3879 



Type 
No 
IG ) 

IG 

IG 
1H 
ill 
ill 

IN 
IN 
IN 

10 
10 

10 
lK 

lK 

) 
lK 

1I 
11 

1I 
1L 

11 
1L 
1M 
1M 
1M 

) 

T~st 
No . 
172) 

173) 

174) 
191 
192 
19 7 

199 
200 
204 

201 
202 

20, 
184 

193 

185 

136 
190 

Table No.1. - ColuMn Tests 
American Railw:~'!.y Eng~neB ri!1g Associat ion 

Depart t!lent of Commerce, Bureau of Standards, Washington, 1916 

Ult . 
Sect ion 1/1' Bracin" Str. Remarks 

• J C Cs 8" 2 X 1/4 11 34214 
sing . lac. 

at lEi II41/> 120 5/8" rive 32000 
A = 9.56 

:.,,-,,000iF -
(2 lC4x 3/3 " 33360 

t J 2 . 8" <3/4' riv. 33370 Fe.iled after 10 min. lmder load 
al; 16 1/4 35 ( Sing. };,550 

A = 9 . 56 (lattice 

(2" x 1/l~11 33623 Sharp snapping at 29000lf per sq. 
(5/8" riv. 3')47 5 
( Sing. 3tl165 
I(lattice 

It J 2 C3 gn 2 x 1/4 32100 
at 21 1/4.f 85 I 5/8" ri v. 31000 

A=1 2 . 50 ( Sing. 
i lattice 1')27<5) 

C J 2cs sIll (& :(1' for 2'(000 Failed under load in about 3 min. 
) (indi v. C 

at Ibl!l!-# ) 85 ( 65 . 57 2;'823 Failed b,:r r1.eflecting south 
A= 9 .56) ( 

) (Batten 26000 Failed afte r 10 min. under load 

) ( 127000 
) ( 33.93 251 112 Col. W[l.S fail ing ste,~dil y after 
) ( ";[lpli.cat ion of 25000lf per sq . ft. 

in 

) ( and failed conpletely mter 10 min, 
\ 

~ upon i :tlC. 10:'0. t o ul t. load. 
l Cl3 ) 2,%7 Failed. sudr,enly 'OY itenect. no rth 
194 t J . 2 Cs 8" ) 2)\199 ]'ni l . by def. north 

at 21 l /4# 85) I( Bo.tt en 
195 A= 12 · 50 )I( 80 . 73 2)039 FE-.il. -uy def . no r th 
Ig6 -.2.,' 243g-) ~E-iL_:=rud. b;V def. i n ctr. 
187 C J 2Cs 3") I Bo.tten 15000 Broke d.G'PI! D.!l<Ie r lo~d in abt. 2 min. 
188 at 21 1!lJ.#) 120 121.1 15200 FaUl'd 'b~' d.enecting bet, batten pIs 
139 A = 12.50 \ 15065 i 

Tile specimentonsilet ests in oJl c~,ses ga::c results reaso:1ubly 
clof,o t o "th8 ";JrezGribHd limit s of 371)CC to 39000 lb. p31' sq. in. , the 
short cornr;rc8si vc test s showed yield point s varyir~g :fr0iJ bDlow 30000 lb. 
per sq. i r" to ~,bo'ie ~lOCO lb. per sq. in. 
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Final Report of the Spec i al Conunittee on Steel Col=.ns and StI"'.lts 

The Special Committee au thorized "to c onsider anc. report upon 
the design, ultimate strength , a.'1d safe wo rking values of steel colull'>Ils 
and struts ." 

Mate r ial, Basi c open hearth steel. 
Physical Frop ert i es 
Ult i mate tensile strength - DeBired 60000 lb. per sq. in . 

(may var y 1 500 e i ther way). 
Elastic limi t ( y i eld pOir!t) - Desi r ed 35000 lb. per sq. in . 

(may vary 1000 lb. either way) . 
Elong<'.t i on in S i n. Desired 25 percent (may vary 2 p ercent 

either way) . 
Reduction in area . Desired 56 percent ( may var;r 4 percent 

either wa;r). 
Ri vet spacing , 4 diameters throughout col"UlTIn. 
In General shop wo rk better than the ayernge cOi:l!:<ercial grade. 

Test colurrnB developed v(.I.r i ations in thei r sectional areas 
amount i ng in extreme cases to 2.8 much P..s 4 percent from t~18ir nomi nal 
area . 

Th~ program j.·:o. s arl'o.nged "with the intention as f~r as practicable 
of eliminat i ng all v.'wiables except thr.t of form" and WC1S subdivided 
so [\8 to cons i cle r t he effect of l i ght and. heavy sec tions . The Commi tt ee 
vr~.s i nfluenc e d somewhat in tho certain forms of colum."'ls b~'l 0..."1. opini on 
that colu".,ns failed lA.rgely through the c r ippling of the thin out standing 
legs. 

The rGsults as shown h:;.rdl:" prove or disp rove t he original 
question [ l S t o the i,~fluence of tilt) tl .... in outst H.ndjng legs . It is 
possible thr~t for very thi:.'"! ~ctr-wl the ratio of the thic~(ness of the 
outstanding leg to its width might hc.ve r:.n effect on the strength of 
the column -ou.t for the thicknc~:;f;ie3 of t~e i!l.aterial which :'1o.vc been 
used in th8 progrn..rn of t(~sts outlin.e d -by the Co mmittee it if, evident 
thRt the r[l..tio 01 t~li ckn0ss to widt~l is not a controlling' f.:tcto r . 

T~lG ph~"sic~:..l chn. r'!)'c t r::ristics nnd. f.~trength of structural steel 
[\.1'0 a.ffectc(l by the D.l7:0unt of \'larking ·,.1JD.ich it receives in pnssing 
through the rolls [':Jlrl for the same size of ingot the hc~~v:.,r rrntcr ial 
does not rec e ive 3.8 much wo rki r;.g: :':.s the lightj c onsoquentiy , for the 
sume chor!lic .':".l compos i t i on , the heavier InR.terio.l is wea.~or . In orderi ng 
t;~e steel the Commi ttee provided for this di ff s rence b~{ allowing the 
mi ll t.o chnnge the c .:\rbon content 80 O.S t o enc..eavor t o p ro (l_uce the s:une 
streng th for tne light i!1f:tterial P.G f o r t rIo neD-V: .... . 

The COf!'l!:litt ee ~1o.S d.efined the critical point :"l.S tha point which 
i s determin ed e;ro.phically by drawing .''. lin e tn.r.gent t o t.he envelope 
of th.c stress str~·tin curyc hc:.vinfb c. slo})o of one-::talf th.'l.t of the 
lnst run-up line for its straight or neo..rly straight portion Md calls 
thir, the Useful Limi t Faint . 
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Flate XXXVI i" a summary oi ' t.h8 curves of all the U.L.F. 
values. A surprising fea.t"re of tilGse curves is the variation in 
U.L .P. of 15000 lb. per sq. in. between columns of Types 5 anel 5B. 
The average U.L .P. for 1/r = 50, for columns of T:ype 5, light sec ­
tion is 34700 lb. per sCi. in., and. for Type B extra heavy section 
it is 19700 I b: per sq . in. The lower value is but 57 percent the 
higher and there i s a variation of 23 percent from the mean. These 
extreme variat i ons ma.y oe abno r mal but it lllUst be remembered that 
the tests were made on materials specially chosen, a.'1d supposedly 
the best that the mill s CQuld produce, 
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Test s of LarGe Br io.ge Columns 
Bureau of Standards 

101 

'rests of 18 Lp.r " e Brii'.ce Columns of Various 
Shapes and Vari ous St eels 

The primar y purpose of the tests was to deterCline the st rength 
of such l:~e;nbers UJ."!der axial loads in relation to their g ene ral design 
and the grades of steel used in construction . T"ne secondary purpose 
was to stu.d;..T the di£t r i b,.;,tion of st ress and strain thrnughont the 
shafts of the colurru1s and their diffe rent details. 

I nasrmlch az the columr:s t8sted ... ~eT'e either of diff e rent 2teels 
o r of cli fforent secti ons t!1an o rclinar ily und.er consideration in hi g~.l­

way bri dt:~f.)s the resul ts are not t['..oulated here. 

On p~.ge L-38g6 aro sho,;n photogr:'\phs of "four test columns of 
the Memphis Bridge (which) faLi cd locally at the endG, which ... was 
l a rgely incide:nt to "difficulti e s oJ..~ o rienccd by the designe rs in 
providing for suff i c i ent space for thG e ~rebars · c.t the p in con:1ections. " 
Along thi~ line also not e the photoE:r aphs of the raill.).rGs in Buchanan ' s 
te st s shown on page s L-3863 11-'10. L- 3864 . 

Explnnati on of Graph Shown on Fage L- 388 7 

A g r2.y.,hic<,.1 roprt; $o:"1t:·"ti on. showing the rcJ:ltion of the obsorved 
IDa:drrn.L'TI londs to the ~Ti 01d "points of the component steels ts shown 
on p,,€" L-3887 . TllO d.:<t,;, ht'v(, boon ,)lotted as ordin,o.tos in doscond.ing 
o rdo r with r e spect to thE: strcm€:·ths of the variouc stceJ.s used in 
t he construct i on of the colu.~n . T:le obr·:€rvcd lO[l,d on 0. column :J.t 
fai lure i s divided by the nomi~[l.l cror.s section of the shrtft . Thi s 
is reco rded in the gr~>..ph un.de r the hc {'..di~!g ! I M~.xi!ffi.lm ~~ti~O SS, nOr.1inn.l. " 
The load [,:,t fn.ilure in [l.g[tin di vLl ed by the n.ctllal cross sections 
calcu.lated f r om tho sc".lo weights of thc steel. This is recorded 
under the ho :.~,ding "Mo.xi!:1um stross , [Lc t ul.'..l " and is nlr:o shoY'n1 to Bcale 
by the he i ghts of t he r ospectivo -oc.nels shovm in the figure. 

The columns star red. ;',r8 tho co1 U1!U1$ shO\m in the pilotog raphs 
ruld it will be noted that in all c~.scs but one for tht: sarlC class of 
s t eel that they f".iled .:<t lower 1m it loads thrul t ),e C01Ulll'1S tied wi th 
I n.ci ng or plates thr o1J.gnout . 
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FlO. 56.-Cu/II·lIm l·S .. ,USl (rarl>QII .s ln:l) 

FIC. 58.-( ·ohl"ttH/ C .. M t (mo )"(lri sleel) 

Failures of Bureau of sta ncarcs Tests 
(see co~~ents L-3885) 
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Results of Som" Compression Tests of Structural 
Technologic Faper 213 

Bureau of Standards 
August 3. 1922 

Steel Angles 

This a.rti c le presents the results of c ompression tests of 
170 structural angles made at t:1e Fittsburgh -oranch. Bureau of 
St a.'1d,~.rds . The object of the tests was to d.etermine the ultimate 
compressi ve strength of angles fastened at the ends in such ways as 
wo ul d closely correspond to t llei r connecti ons in the constl1J.ction 
of transmission toyrers . There was also tested a series of angles 
wi th squa:' e ends. An end f ixat i on f",ctor was found to represent 
satisfac t orily the effect of diffe rent typ es of.end connect i ons. 
Using this fi xD.tinn factor , the average values for large slenderness 
ratios wore well representad by Eule r ' s forrmlla . The T0sults obtained 
from shor'tGr colwm1s agreed wi th the e );perimental end t heo retical 
results of K;1.rman. The effect of eccent ric loading woos most IDe.rked 
at the sle.nderness rn.tios indicntcd by Kn.rn},':m' s theory . 

Ircstr. of Twelve L:;rge Columns 
Eng . Hews-Rocord. Vol. SS. p. 377 

R8sults of failu.re test8 on twelve lo.rge riveted steel columns 
carried out ,,-t the Li cht e rfolc'.e l"bor"tory near Berlin a re reported 
-by F. Voss in "Del' B,'-'Jmf,eme ier" of In.nuary 15. 

Five of the columns werc t est ed in duplicate . 

In the cnse of four of the so tI!8 [).gree!':lent of the b'Vo nepn.rnto 
tests is very close. Column VIr shows P. l[\1'ge difference but here 
the sp~cir:',ens we r e not precisc dupl i cates . The b"tten pl"tes in the 
fi r st were 9 1/2 in. wide .9.r~d n::.d two rivets in crtCh angle while 
those of the second. colunm were 14 in . wide <Uld hnd three rivets; 
shc'Hing of the batten plate rivets of the first colwn.'1 limit ed its 
capo.c it y . L".tticing was proportioned for" she ",I' of 1 percent of t he 
column lo"d . 

All materinl accepted on mill test 53000 to 63000 lb. per sq . 
in. ultimate ct rength. 20 perccnt elongat ion . It apPcCtred from the 
column tests th"t tho ultimnte loaus depended· on the yield. point 
strength of the m~teri3.1. 

It \'I3.S deduced from the t est s thr.ct strong l~.ttici"g gives the 
SD..'ne coluT:'Jl capp.city [\s the use of a central peb. 
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. Col •. Break Fail. 

) Bo. Are!\. load Lb. per 
1000# sq. in. 

·1-1 63 1865 · 29600 
I~2 63 1860 29500 
U-l 70 2300 ·32850 
II-2 70 . 2430 34700 
III-l 70 2325 33200 
111-2 70 2260 32300 
IV 60 1875 31300 
V 60 1867 31100 
VI-1 64 2330 36400 
VI-2 64 2395 37400 
VI 1.-1 . 6~ 2195 34300 
VII-2 64 · 2445 38250 

) 

Ave.Yield . 
pt. Mat. l/r 

31200 . 51 
31200 51 
34000 58 
34000 58 
34000 58 

.34000 58 
33450 52 
33450 52 
37600 51 
37600 51 
40500 51 
40500 51 . 

[ 

H L .-J 

r J 

[ J 

Col 11- I C; 1I - 2 
Co/'llZ-/G'1ll-2 
4-Ls- 6//", G//x i// 
2-Pls.- 254'x f// 

4 /. 3,I// 33"// .J.// -e- Cl X (f X ~ 

/- PI-24/1x ~ q' 

Co Is. TI- 1 
I; .El-2 
II J2Zl -I 
II JZZZ - 2 

4-.I:!-6'x G"x~" 
2_Pls._2.54'x i// 

LO'cin.g Cols. -.Z- .JZ-.lJ!-.J7-YI 
5in.51. L.-..3//.lf2'x!' wilh 

veri slr-uls 
Cols . ./lT- JZl!- !Jailer; Pis. 
aD! 4'-4//c!rJ. 

-U-Y 
Co/..zzz DiCY.- 7!. 7//clrs. 
I<.esl Co/so /)/api>rO'gms 
arencYs . 
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Column Te st 3 for De16,ware River Bridge 
Eng, News-Record, Vol. 89, p. ')57 

Strength Tests of Fourteen Wi de \'leo Columns 
at Bureau of Standards 

Material , Silicon Steel, 30,000 10, per sq. in . ultimate 

strength and 41,,000 lb. per sq . in. yield point. 

Tet majer' s Test s 

On page 1-3391 are shovm the fTaphs of Tetmajer's tests taken 

from an article by Marston i n the Tra."lS. A. S.C.E., Vol. XYJaX, p . 111. 
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'l'etmajer I S Tests 
(aee L-3890) 

I 

'ITT(D TO 

'tETMA..I£R'S T~T~ Of THE 
STRENGTH OF WRQUGHT IRON 

~UMH8 WITH PIVOTED ENDS 

~-18 COl. ~f-o.al. f"28IlOCOO 

AIoIO PAR"8OUC 'OR~ 
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I I I I 
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