o

%
'

e
&

D Ol

7

Lo

'3
N

SIo

TOR

on

o]

the PFacmlt

I

toba

ni

an

I

P
CL

sivy

Uaniver

of the Requirements
Master of Science in CGivil Eagineering

April 1967




ACKEOWLEDGEMENTS

. The author would like %o thank Prof. Re
Lazar and D¥, A. M. Langdown, of the University
of Manitoba, for their advice and interess
“throughout the course of ths worke
The author would iike also %o express

his gratiﬁudevto the National Research Council

for its financial assistance.




CONTENTS

CHAPTER
I- Introduction sesescccrstsecssscsesesl=10
II - Laboratory Studies ..eeeeieeeccessesll=38
III Torsional Angle and Stress analysis.Z9-52
v Experimental Verificatlion .ieceee..03-66"
Vv CONCLUSLIONS  eerevennsnnconnesnnens G67a7s
Appendix‘
A References> .........f..............73;74“
B Computér ....;...,..................75_79
c . Experiméntal results ...c0c0.c000en0000. 80103



This paper presents the torsional

24

Stresses analynis,

rigidityy the angle of *wish awne
of a ten-storey building model subjected to s
torsional load, Mﬁo
This ten=-storey building was built
[ <

by Mr. Robert Petri, zccordine to ACT Building Code

’ o) )
(ACT 318-56) in May 1964, The model is ten=-storeys

high with two shear walls for lateral support in

one direction only, 3 bays 3 x 12" in Tength in

length in the long side direction, Its foundation

-

erfectly rigid and there was no possibility

=
)
[6)]
©
3
165
8)

o]

of sliding. The detail of this 1/16 scale orototype

1s shown in Fig, (1), Fig. (2), Fig. (3), Pi

]

14

(4)5 Figa (5)9 Fig‘a (6)9 and Fif;o (7)9

The unit stresses are as followse

£ = 3,000  psi

Fy

A
HH

40,000  psi
6

E, = 30=x10 pei

= N - T

L 'z 3 x 107 psi

n = E/E - 10
- (S C o«




1

wressive strength of concrete

o}

in which

Hy
Q -
1]
&
',3
)-(2

yield  strength of

|
| 34

=t
-

5. = nodulus of elasticity of sioel

0 bl v \
Ec = modulus of clasticiity of concrete
= modulus ratio

particles are rounded, the percentage o
content is zero, the specific gravity o
2.65 and fineness modulus o the conplete apgre
is 2,20, The cement is used HighwDarlyw
Stremgth Bortland cement. The water used in the concrete
is from the city supvly.

Reinforcement

steel; one type for the columns and shear walls
reinforcing steels one for the slab steel} and

we

another for the latersl column ties, All three

w

’

types were black anneallsd wive wiich can be obtained

1

in any hardware store, as shown in followisy tableg:



REINFORCEMENT DIAMETER OF PROTOTYPE AND MODETL

FROTOTYPT(dia, )
3140,375)

Lt (05, 500M)
51#(0.625%)
6i#(0.750')
7#{0,8751)
&i#(1,000M)
9i(1.128")

10412701 )

MONEL(dia. )

0.0LEQ
0.0547"
0.0625M
0.0705"

0.0795™
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at the corner approxi ately as the ordinstes of

o

& parabola. The maximum torsionsl shesring

stresses occur at the center of the long

)

and the torsional stress at the center of “he

P PP G P Y
WALCO LS LE

£

of the lonz sides

his shearing stress at any point on a transverse

cross sectlon varies directly ac approximately the distance

each side of recbangular cross section the

at the corner To the mavinmum at the center of the

long side approximately as a parabola as shown in

Fig.(g).

TABLE I

COEFFICIRNTS I'OR TORSION OF RECTAVGULAR SECTION

the centrolid of the cross secction, and 2long

w

1.5 0.231 0,196
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If this fixed end column with rectanpular cros

section was made of reinforced concrete, from its mrevious

investigations are:

1. Failure of concrete in Torsion is

w
(o
o
(\\
b
&)

e meximun diafonal “ension tende To run

angle spiral on the surface layer as shown in Fig, (10),

2+ The most ef

series of 45 degree spirals: in tractice, however, spiral reinforcement;

"

is hardly ever used in

4

recvangular section because
ol the dAlfficulty of mamufacture.

~

3s The combined

|
i
L
i

effect of longitudinal and lateral ;
i

reinforcement (in the form of Fig. (10)

Ul

tirrups) can be used for resist-

B
&

o
n’c:)

ul
¢

of the 'dingonal tension stress and the stirrups talke the vertical

e
=3

component of the diagonal tension stress as shown
This ten-storey bu ullding model with H in heicht.

can be considered as a shorh rectangular column with "A™ in The

.
3
o
)
@]
=4
ot
&
=)
Q
(0]
-3
b
6]
Hy

long side and oundation is completely

restrained against warping. In other words, the foundaticn lies in

& horizontal plane and i

©

vervendicular to the longitudinal axis

as shown in Fig, (1), Comparing this ten- gstorey model with

~(13)

orslon., The longitudinal bars resist the horizontal component



! S
{2 (o ks
g
e £ o
O O o
o
o

¢

Gl

e

ot b=y s
S v S

[

‘“"lz')’““



— R
9] o R
[ ] ) Ie} —
42 5] O o (&Y — '
3] b 3] o A 93]
<

k™ [ &) 4 j )

o 38 ol ] M ° =

[ — X [

= - & [&V] @ 4
o fel¥] o pa &
ne{ < 1 - A ©
& < O 3 H i

ES) 40 ord ) €] ° Ul

bt 3 -

) ® 4 Gy @ ° Gy p}

IS 4 o] o] ° O Q g

8] o] O ° )

i oy ot P = =0

G4 O Gy 42 s ° A3 &}

1 0 ot e ) .

3 o ‘T a3 w L o il

o ¢ T L o £ !
se [ 3 or-d O wn o (e8] 3 o]
5] et i o] ) 3 o] > o R
. =) &} O © e Q O [} 4 [

. £ 4 u 53} ERR Y] | 42 1
o] <y by 4 Fel o] b %) — & [¥0
13 D 3 ) 3 B 3 -4

4 < £4 <3 I it =4 o t
5 &} 3 (A o] <t | ! )
» aref ] — ~ a1
v 9} -2 D @ “ [S2RN] w0
R N o 7 £ R 5o &4
) ) le) 4 $a D O _ _ [N O
wd o4 e~ o} 4.3 -} 4 K] | !
[ 42 3] Gy 80 it » ey
£y el 9] wd < G ! =4 o O t
Py © ® 55 L =\ ° A2 bIAY] '
w0 < O B < O v B b
EN 12 m H .
£ ~ il
O 4 [V [
@ I !
ot 4 @ eaed ot
= ) & > oo e
& - @
o e D o
wd ¢ A2 8




- o~ R —~
-y o~ L0 N
[AV] o N 3 < N
~ % s O
e A < 9] —~ °
s . s 43 ¢ —~ ¥
hd o (5] Te) °
= ° <3 = b °
° e} se < 42 O °
— —~ — @) o 5] 4
2 L e 1] 1) o] 124 °
Q0 H 0 4
° S = N - o — 0 °
S b W0 & o) (&Y &y
TN 9 ] o} o} S °
[<8] I O 9 °
[t} ° O S to] o3 °
= © - 4
<o} @ &5 QQ °
. o6 e ° ¥
O ° e} sl o] (@) °
v y Ql
= @ et P - °
-t ]
[ie] ] 3 [te} (%] A
a) ko] o m.O
[<e] K4 98] ) °
2 B ® )
RV ° o « O ° 2
o o} O
° 42 o} B »
BN o] W) ¢ g
° 5 | o~ L]
(&Y 1 o < ~1 <t
S ? O e a3 S [Te) -
o 1 = ) O (9] o
) [ 21 53} @ a O
<& 2 < ) & O >
R @) o] o (8] 1
¥ W +3 43 2 o) < b 0
) o = e ¥
? R ) Gy v ® gt [P
o O ) -} s
£ & if o
33 [H
i
O
) & M

~ -




s 13
N 1 )
n 3 S mm )
W A 33
2 ) —~~ Y
. s ) < 02 E
G S ~— © .
b EY (@] O " ® o2
Gy == % 2]
3 ° & o D o 2 D
v ~ 42 [ 4 0 S
W £ o~ e [4) O a )
M S8} e} & 42 jo 9]
N o — e [vs} as ] 3 [
- by} [ 1 [} > &5 3
° ke el Q < i e ° «Q 2
B 3 2 [5) o] e v
° 3 + -t O o &
ol o4 ~4 43 BN 5] : D o b &3
——r 9 ~ 3 ) 0 4 4 i ) ° . o » a
(! &Y - AL 6y ) e 43 L3 k.
o 2 e o] 12 = v — ] ul o}
a 2{ 7] 1@ «Q [N [ 1.2 ]
X8 > e~ @) Gy o = b O e R N\ o
) -1 O N [ /8] e o ol ~
¥ o~ O Le] 0 ~ & ol D -
s e o n ® KK e} 4~ & &) o < By
C 3 ~t a8 4 o3 & Q Q -l o] Q :
o 43 @ <3 1 5] & 4 O e =
i 2 6@ O g 5] a Gy ] O = |
-~ ) Q P = S 42 O I [ Gy 0] 0 i
<t > ol £ ) ol < e o) . S
L 1 £y £ " o) < o~ —
' o o 3 fte} Q 3 [v) & @) O i1 G
° 43 5} O o 49 5 O : =
(@] ° 2 Ko ¢ K 2 |
[92] i 43 © § o o
¥ > D o1 51 5] —t O ot
it T o a8 m (7} 4 B H
<] ° +3 jo i h e ]
-~ R 9] [®) 2} G} e St
Nt 9] | el e 7, 3 @ (5]
S 1 i 55! 4 o8] 3 O vl K
@ wd (T = T i -+ 2! 2
-4 o) 40 o o} 8500w o 1o} B
<t o] B W) 3 = @] 42 &5 1l ! M
R S S T -t e wt |
. s §© ©» O @ z
O -3 O [ e [} ke o Kl ¥} >
i o o £ B O )
<4 D O B!
42 <t Gt L
o ) : =
s '] o] o)
(S A Gy 0] £ &
9] 42 O 4 i) 1




ere

wary
W

R

¥

12

v

w1

o]

Cud

o1

et

«
<

oy




. ) P«M
o3
@]
= o
=, £ -
g ] V.u —~ &
" —~ 5o~ >
~——r - o ~—
o —~ S H®) G4
7 O ° ° w1 Lo ] 4
2 45 Qg [ -t MMU w;“
Q e ai o aQ '
° < 1 ° 3 C o

ot ) I8) 1 —~ e . .

© Gy 42 3 ~— X
2 X ° = 2 3 (&Y :
o3 S ] O < sl
o QO o ° o) e O
o © > £ 2] o Ul ’
s 4 ° erd £ +3 O
. C © ot} O ] =
o 43 L3 s o 4 4D o3 <
: el [
s ot E) —~ M;»U [$) W
o~ o~ @) i (D]
° %) <3t © 9 N S S0 3
> <4 ~ ol ]
s ‘. et LB ! o ey ot
3 2 N =
Q -3 N O -1 o
Iy o O oed e} )
‘ o 5 13 G Gl o
. ~ 3 &G @ fan
: 03 © N ' i
N o @ o £
K] , ° - (9} L Gy O
Wb -4 o} e} i $4 .
s Gy s - Gt
< pet & 2 G o

LO
t

wo @ el 2B - 2
o3 - o +£3 @2 o s 43 ) o5t 5 o}
O ot S w el o i D D G
= D ° 1.“. %) = £ ot
it [N v o p—l " &) 4 M '
32 &) 42 g [} D (73]
. S « b ol = o :
s & et e 4 @®
“t & ] ® 2
; [ X & 0 o .
. [ D a4 Q
o~ ) e S ©
o g <0 42 G4 B N
i k) &) @] (@) (93]




]
A

I

]

o

Q
i
"
i

(5]

Gy

)
©
Q
$a
@

N

D

42

B

[oN

et

)
-3

o
3

28]
s
-t

43

£
O

ord

3

&

<l

FRNY

43

ol i
i) |3
[ YRR Y
] Q
Oy o

<
L3




© (4]
o) L S 43 o} ol
I Ee) oV} 3 e o
Q 42 o 0] A3 o8] .
&} 9] « [¥) 3 ] 3
i i) D e — Q Geq by} s =
43 2y L4y ] Q 9} K o~ <
= o1 (&) L2 Gq [{] EN 4.3 I (@]
I (9] Q ~—~ e, £y -~ o ] ord 3
=4 91 43 3 o} O =i -~ < 42
5 42 3 G - 3 O i~ ) el Q R
o C o) O [0} -~ £ -1 <y} @ [
B! N B 4 i Gy S K — o] 02 -5
ie] N 4 O %1 G o £ o o
= ~y =1 — &4 o] vl £ Q o8} Q Gl <y ~
43 - 42 O 43 2 o [o2] L t
sl -+ [ Gy 43 a L —~ « [y -~ O 42 )
e} < 3 O [ B ~ U < = el
[@) [ B 4 42 Q 4= & < o -
> P o by X g O = o} (SR ~ i °
] 3 I 43 = S~ Q fiis
(o} o} e o) N Gy 1 [} 1 o
D - =) < %} +3 42 G Gy | o
0 3 S it £y T o O ) Q
< © © =] £ a0 A " <
2] © = e v o N 42 35 a1 P st
oy ol [ 04 42 @) e 1
5 =y o G-y 43 < 5] o] 3
[\ o ) 1 Q o] < 5 N < i3
W < i L] eiss 0] Q
K o ~ o w1 © Sa A 3 L
13 o 2] <a el - jood [e38; M vl
W) 43 . Q @] -~ 43 s ° 0] °
L2 5 @] 1 o KM 42 @O @] » 42 2} o~
: o bR 2 49 5] = 3 o] o > o} s o)
pe S it - A > erd -1
4 o " 0 b [ -+ g Py
o . Gy PRt 2 i ] O 4 &5
K £ D ES) T s ) oel “ [ °
== o @ 43 40 <l ES) - el T
= [} ~1 < 9] O st 43 O
o el e —1 O ) ® 4 4
@] © 3 @) Q T e8! -~ O W]
el « = 0 i - 2~
5\ » o3 o} o] b vl ) %] O
] wed 1 (6} o { o (0] T4
0] ° £ Oy 18] &) 42 a e &) Ty
EN 0 O i " -
° [ K Ne! ~4 S < Sy ™ o X
<} @ ot 0] sl o] © 4D
[t3} a e | (@) -~ 12 v}
2 © foh (&} o] 1 - [0} o]
[ (% ja) 3 [ Gy 4 3 le]




1 z | T T A,
[T R o b B 1
=0 St L S
’ § N
| \ / :
\ ||
! T -
\ 14 \ 15 ) \--i ()
0 I o/ o

L
~1-

{ i .
\ - i
——
: - — e 2 T a
12 N e — 10 \ 9 8
i — i

The typical cross section(before & after twisting

a'very small angle )

ol o e ol

"'“.»s.w-:;
S
l

J—

Figure 13

..22~



. &

O od R
) < H®] o] .on £y
j [0} . Q

5] 43
O 0] & g
£y o] 0 1 B
. LY

P~ {
2 O Ko .
0wl )
o] i sl a
0] o < G
o} 9] 3
(@] L o s
1 43 42 ~

dev
omen
of

@

¥

1 0 e
K]
o 1 [0} ° B 10
Q sl it W) S
sl e [S T Xe}
1 |
& Y ~ Q
(@] C 95} fa
¥ C 43 A gt & 4
9] : 13 17} ~—i : D ] 3
w1 O < st =y @ © @
@ o) a k) A
€4 (5] Q (Y 3 £ u 1)
Lt @
1) e
| 43
cl
= <
®
W - 2]
ol 5 oi




pSil

N
[ale




M/, 1 N
< Q
~— e
° o]
. ko)
]

-4 - £2 foly}
ki
V.u ——
0 (@] -~
—i m o2
S ~— S (&}
[
<
&
el
i )
,a.
(&N ) m
[ )] ot
& o
~ N . (9]
-4 0 e} )
(&) 43 43 ERRENaY
= o 42 £4
A4 e i & <
o N
d iy} [ats) N °
42 [ [ ~i Q2
6] -~ - i
u - 4 3 ~
O ~ 3 o o3 e 7S
[} 42 42 43
e el o
Q 43 43 13
> w2 75 u3
e L2 A2 O

93] ’ 3} 5 . 73]




.x . FIEG—

—~ .
[ AV
a [V, [{p] =4
—~ 3] < ™ oo™ S~
-t [€9) — O] @
= ° 3 -
— - = O °
&Y <
[ 1Y) I RaV] PN °
o) B <t o~ < <t
i ST O 2] O ) O ?
143 [fe) s} v [En] (&Y 59
)| & e () s <y} ° °
A 3 61 o= [
joa} ot ° B
] ) O
o
) Q ¥ .
3D 4.3 -t
e | < <H [AY]
aa M.:
sl [
ol N
o <
& o0 [WY]
..G .
i @D I
,.., [oa] GO
o [} S <j!
o) 0 i~ O
a1 [ 49 [ED]
3] »UL - b L3
$4 WA i O o
x\)/ _ﬁ‘u i iy .
(2] B) [ 3
- o) +
) G [&Y] 3] ) 4
. . [ I f
< . o}
&8
[
£
O
O
In 1,.w
St
o
<y
(O] )
r-i
[ 4 ]




y
N
o} )
£ -
42 N —
.
»
(] o
u o9 o)
M o ﬁu: -]
X +3 @)
& te) ° o
(3] o] o <1
2 o ° O
o =) B — R
S I
5w o o EA N
A nlo o @
© 82 Qaf o ° v
o 4 I%e) (@)
" . m ° 0 ° s
,,r.— Q. N ° . )
o« o) BN s "
e s ; . -
4 -1 W f ﬂ >
er-f (st 1 el Lot
-y N ry
] pae] g sl —
P Re; . i 9] o 10 g
&%) D o ciolon N © I TV !
o-f ) 2 - < W <! ] o1 h;; ) @) o~
&4 D . O O WD . 18! ML «
€4 & e e o 4 o @ > i
0 3 o o : ol o~
4D [9) .~ o~ 0
I~
ul s
H 4 Bt
0 ' ™
@ 0 o
52 et - 4 - - m,.
= - v
o]
i ot
e K5
[fe]
Gq
@] A
<
Ul 3
A
—
3




—~ -~ s . - 3
(@] — 43 e~ © [
~4 WY ol L] 3 ® e
~ - & 3 ) 4 ord
4 S~ 3 X ot [ty e}
° [si8) (] 42 @ O J $4
° o] o w <G & [ O
° < £ o) Ul [59] 42 oM 42
d 3 = el e Te)
° —~ 3 <H 3 43
S —~ 3 i [ K < 153
. 4 gt < O o] &) i kY @
: A ] O o] oed X
° S~ Bas i S o 2 3
° 145) Gy Gy g < (] ©
o IS < (@] Q i =
@ —~ o) e} A i
° o3 43 Loy [ —~ X @ 0}
° —i 42 &Y 9] S AL
o ~—t [ o —4 w3 ES] 42
° ~ o C J b o
4 or-d < 4 Gy 7]
° (%] a5 [ £y o} sl
14 ° s O s
o 14 . i +2 s @) & o
et o ] 42 9] @ O
a o ot 1 a8 [6) by el
b ord a8 o 3 43
2n < % < 9} ot O o1 O
v o M ] o A« 2 ©
I i O W vl ES] i o) [
) o e ¢ 0} 3 e ©
) r— <t e & 2 oo X ¢
D) 4 et Q 4] Q sl s
o ) o fod 1 43 [} ol = S5
o et O = &l 42
0 . ~4 0 ot 4o — < A
6D i (@) [N ) ] e o] ) 6]
5o} -l b3 2 i st ® w2
4 i A o [ S
o -4 [¢2] N > i ot
- i c ©
! _ m | ».,1.» i el ot < 6] P
. | | e a 3 12 A O Q
& = i 78] [
P o3 D o) i N
43 < oyt et st ] I
~ a3 i3 @ 1 [68] 4 o]
3 @) s 4 a1 2
[o) St O 9 e} o)) —{

© v, 43 ) U1 Gy




hd

A

&)

[

fal
©
)
A3
s d

Y
-

@
=
>

v

<
-~

o~

\
J

17

o
Fal
S

O
(O]

3

@
By

ng

vy
had

>

3

G

onal

torsi

‘l‘(’\e

P

&

is

.

&

e
L <

CO

A further moment

A
diiS

[




o~ — —~
o . . a =
o ™ N )
= ~— - ‘
£ ]
<@
L] k3
(O] ' @
9 k]
S . s
O ? 3
Gy o

-4

Tt

A2
- Jon]
[} o

e :
-

~



=1

B,
A Rl

.

Lyt
ULO U LT

e

.

y

or

CoOna LT

)

4

()
ouaooooDOuDOOODGQOQOGOerC.n(L

O
"

N
NS
S




—~

9

orng

Shasl U

5 Y

2]

o]
NP
H



o

e
>
(R

-}

@) - o (@




-

~ Ty
o e} nw
o ¢
x Q 2
° . hd
3 ° °
2 3 o
] o i
° L3 @
o 2 °
L
° o1 ° °
8]
° [ ° 9
° £ ° °
O ]
Q [®] =) o
- u/ Y 42
° o+ ] W k4 <
~— W - >
-] “~— n ot L
(aV] <2}
° N, w
< .. o)
o E i 43
B9«
° 13 oy} i
oo} o}
° B! O
o
IS - o 118
Q_,uh A ja)
=l o o
ot ety
h <
i [ SR
)
[N [&Y 3
I < [ 43
@) i
i 43
0] 3 L]
4 v} Q
& Ul o]
SA wi vl




9>
L]
<)
O
~ B
X ~
o) . )
3 s ¥ 3
— o3 2 -
-~ o ¥ o S
L8 O 5 Q o — *
< - o @m O M
Gy © (ol o <
2 13 S 2
B S D o
a 4 e 3 3 ®
S ~ 0 "
. RS £ 0 )
g o4 H ©
o Wl e [ o & —t °
. T3 o~ [ C
S vi el O o1 o B 2
-4 = o 43 !
o et o1 s} G 1] 3
X ] R -2
B 4 ‘. ot [e; ’
et 3 2 $ )
° £ 3 a 1 N °
33 -3 o] \ .
° o) O Gy o © ™ °
e 42 O ] et
° ] 4 St ar
O~ %3 =
s LGRS R o} 53 ~ + "
SRS G e 90
e e o @] [$9] 2
) ) — O ~
£1 [} [ - b0
¢ o O " o
BoooD el <) “ooH
56 T B o o) . N
- B ot [aV] 0 w5
o) N o 42 ? <3t
o w o i 0 Y
o] (] N [ )
® o : C ?
< - L 3 Yx. “
&5 <}t s 43 Gy O e '
O o O [ St [ &N
e ! Gy ke i 42 - : b
1 ! ¢ R e o - i
jat n/w/ —~ W | b
K] ey o4 42 Gy
= © -t ol
N 5 ¥ fow) .,
v~ © < ol
P I~ i &
B L O w1 ] wt
: Q 4D 3 i 2]




* P
- -
[ 5]
* -2
1 — —~ LS ie] — —~
gt s £ aQ O . -
) ) & N ) 4 SR}
N S~ O — [9) ~— —~ e
N ~ 3 —~ ° o0 °
@ Gy < ¥ o e
L Q < -] o o} o
° A1 ool & e
° 42 vl o] ° %1 @
* @ <o} 4 (@] —
o] — ° y 03] °
o a5 O 45 o
42 N LY o~ °
° > - s e v
R e I j{] ° < it k4
° 3 o -2 O o o~ ot ~4
~i [fe} O o Py a o} /ﬁ k4
° < ~— Et| ° °
4 N ~t o o - >
° ° £ ) . ~
P o O A 2 = ° ol - kS -
a <t ) a O £3 ™~ [
M od { 5 ° ° -
. : o p o ~ RN L
- —— 4"..“ L]
N o8 o - T %
=] 1 L 2 e} W0 i ol R
ol < B o 42 O [®) o2 & 1
§ o3 . po— [ip] S P — — o
= S0} <8 4 - =
e~ e h C Q- B Woow <¢] e
49] ) 4 s 42 O O 3]
) R e} ] W -4 ot et
] N ¥ b oy < [ (8N
< it > 2N "
be o o 1 o
¥ ot N 1 4 feo} Y]
aY 2 Gy 4 s el
O o O < < 3 s
v N R (@] (AW [t
4 0 I a1 o
0 | m <j! = A B ' 15 1
o [55] o'y}
s ke 5l o
40 e 8N
[and b=y o 3
X 42 Gy
X O 21 e
X ] e i
o a~f w.&uA.
A 3%y & (e
A o o«




—~

<
<]
O
——~ i
-~ — ] o -
61 ' m [ —~ [®) -
) ° v o <3 <t
R w.!. o I8 .v - S aa
kR N\ O R —1 ° %]
2 o SN EW i o)) ° «
‘Q 1 aiw 1] o °
a ) Gy ¥ i~ N )
-+ |7 . 3 ° 42
[ o <3 ot ° ol
(&) R e ° <3| ° 2 {o]
o 1 0 W > o > ol
slg, — ] ] ° —~1 ° &
O )] 4 2! K " ® o
s e, L1 < <t o £y
E S MoK oty et °
& = . ° ] <t L] i
0t o W W ° @ i
%! . ) O ° 1 -1 ° G
5 > B o hoe Y o Q
et o~ O a ) 4 O e sl
9} S - -
O 2 <H ]
4 el ° =
. R (]
) Lo} ] 43
5 oL «
= =
—~ ot o
AV} H |
e PR el
o m o) (o}
o O ¥) .
v [@ R @) |
e 1 3 m./ -
i s} [ )
P « " o1 i
. @]
CJ - .
- Al =l 20 J
s -1 K& €O wa
ot 2 o ° Iy
.2 W - N
N N ot o~ 42
RS RO -~ 93]
! : e
i M O i
3 4
R AN it
. >~
&ty mn/,u... -
&
[ha
et <
43 3
© u




~

3
D

\

<3t

S~

o




CHAPTER III
TORSICNAL ANGLE AND STRESSES ANALYSIS

This chapter consists of two purts, in
parf‘I, the angle of twist 1s derived from torsional
rlgldity. In purt II the torsional atresses are
analyzgd by elastic theory. :

In equation (44) or (15), the angle of
twlst and total torsional moment relationship 1is
8 strsight line us shown in Fig.(14). My 1s plotted
againat P, /L ls a unit angle of twist,o,.

from equation (44) or (15)

Mo 6
— - .L3.L.9 X lO ].b"lno s & o 5 e e e e (44)
prL

from Fig.(13) and Fig. (5), the Mf and V can be
expressed: ' 4
| Mt=18 x V , ( moment arm = 18" )
I =12.004n |
substltuting into eQuation (44)

0 = Yo 2L v x 18 x 12.004

IBTxI0° 131 5 % 109

=0.164 V x 107°
The angle of twist, P, torsionsl momentf

M, and losd V 1is glven in table II

-3G-
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CHAPTER IV

EXPERIMENTAL VERIFICATION

In thls chapter the angle of twisty and
stresséa l1s checked by experimental verification.

L. Loading frame =-- The beams were 4" in width
6" In depth and 4" feet long as éhown in Fig, (18).
Two beams were connected by two 5/ 8" mild steel bars
and one pulley. The loading system was as.shown
in Fig. (18). Another beam with 4" in width 6" in
depth and 4.5 feet long were connected to two
Stranded metal wires and another stranded metal
wire to the dynamdmeter. The dynamometer was
adjusted such as, 100 lb, 200 1lb, 300 lb .......,
therefore, the loading is 100 1lb, 200 lb, 300 1lv..
sesesey R 138 the distance from center line of the
croas section 6f thé ten-storey building model to
. the stranded métal wire, hence the pure torsional
moment is Mt wgich equal to V x R. This test is in
‘the range of elasticity. The angle of twist was
. measured by dial gage corresponding to the loadlng,
LOO 1b, 200 1b, 300 1D eeeeovnn.

2. Strain gage -- Each céiﬁmn and sheér'wall
will produced strain ﬁhen the torsional moment ia

-t

applied at the ten-storey building model. Spr-4

-53~
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strain guges were uttached to the columns and
shear wulls of the teh-storey bullding model.
Each straln gage was separated 2" at the columns
and shear walls.fThe SR-4 strain:gage was made
in U. Sf A, with gage fuctor 1.98, resistunce
120.3 OHMS. The aurface preparation and cleaning
instructions are as follows: r

‘H Surfaces to which guges are-to.be bonded

must be smooth and even, free of plts, deep tool

marks, or deep scratches, but not polished. Grinding

or flling may sometimes be necessary.on sand

o™\, Dynamometer
) ‘
W

R R

. =&

4

Stranded metal wire
L

e - - & g
‘ / 8 tt
Z

ar

/,/
wood

"
gl -1 2-5/8" mild steel bdrs

C (pial Gage)

&

[y | i

D (D_/%/Pulley

N ”-‘-‘



castings or similer rough surfaces. Scale rust and
paint must ve removed from metals.

b. Remove grease and heauvy oils, if present,
by washlng with carbbn tretrachloride, trichloreth-
ylene, or methyl chloroform.

¢c. Scrub suface ‘ares consgliderably larger‘than
gage with clean cotton or\gauze”pads gsaturated In
methyl ethylktone (’SR~4 solvent). Unaterilized
cotton ls satisfuctory. Diécard aach pad after
using once. “Repeat with fresh saturated pads
until cotton or gauze shows no trace of dirt -

after use. Clean slightly decreasing sareas with

successlve pads so &s not to contuminate gage bonding -

area with oll grease from edge of cleéned area.,
Absolute cleanliness is essential;"’ : ii;;;?)~”'
| The insztallatlon 1s: |

(«) «Apply ‘liveral coat of.Duce'cement to
area guage 1s to‘coven?:

- (b}. Place gége on cement and position

correctly. Press gage gently lnto cement.

(¢)..Hold gags in place with = forée of
approximately one pound applied through metul or
wood block and & sponge rubber of‘felt pad. FOré@

may be applied by a welght, light spring, or rubber



bonds. Hold in pluace for 20 to 30 minutes.

Drying time depends on temperatﬁre and numidity.
For oest results, ullow 24 hours drying time
'under average amblent conditions, longer‘tiﬁo
is're@uired 1f atmosphere is exceptionally huwmid
or cold. 30 minutes et room btemperaturs al ter
removed of clamps.'TTbo rapid ;pﬂication of heat
will cause bubbing of the cement.

The locatlons of strain gages are shown
in Flg. (19), (20), (21) and (22). There are
120 strain‘gages. Bach éolumn and shear walls
Wére attached S:straln gages. Each strain gage
W s separated(z".

3. Testing procedure -- The Dynamometor
was adjusted shch as lOO lo, 200lb, 3001Dees..
as the struln gages connected with wires to the
Datran Strain Indicution. The Advanced button of
the Datrén'Stran Indicatlion was adjusted and
pushed, then the automatic typewriter preﬁented
the readings of each strain gage. A full set of
Strain gages reading wes talen st each loading -

increament in each test.

cr

4, Test result -- The result unit is . #
mo1076n Tliese results sre shown in the following

Table.

-H6=-



j [ |
& T
!
ALT7? 414 ' oL A5 S Ao
16" 3 o 44 AL
415" C o2t 460 LR o
—
.1
124 19 e 9 /4
/23 /118 7113 st vt 3
J122 AT 12 A 2t o
721 /|16 31 A6 /b
1120 21156 s110 /5 A o

Location and designation of strain gages

on columns o model

in long side erectlon
' Fig. {(39)
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3T32151 30

Ga

[
RS 24F L% L4% g
X Rk, X B
28?28 18" AT ¢
- I U
27 227 17127
e I P
26 21 16 >L1.6
RN C A ™ i
25.20 15 10 ¢ ]
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In this part the angle of twist was checked
by expseriment.
From the experiment the Aq'andiﬁx_iscoomponent
of A as shown in Flg. (23). This Nx andb#;
/ cy ‘ & i y
could be converted into the angle of twist, Q2.

from Fig. (23)

AN

when P 1ls very small
or

p =Dy
=

from the proportion of ftriangle

A
AV
S
, 3
L a
| -
Al { 2
¥
| ;
b !
":V T—— e ,
Fig. (23)




cr '
A- = %Ay
Ay L] . * e L4 . L L4 [ . L . L ] (b )

substituﬁing éguation- {b) into equation (a)

N
}?h

M

r

23

when r =50

Ay
D= :
24 L] L L] L] * L ] L] ‘. L ] L] * ] L] L] .(c)
iq,equation;(c)_by is tbezﬁx component which
Y
can be directly obtained from experiment.
from Flg. (23), the proportion of trisangle
Dy Ay
o 3

or __~5£\x
Axy"‘?{'— [T D)

substituting equation (d) into equation' (e0)

p -.:A’(y

r

[
(o

-3 r

when r =30

Nx

re— ¥

. -1-8 . ° . . . . . P ° e ° . ° ° ° ‘e)
'Avquuationv(c')'*and' () are the angle of twist
which can be obtained dirsctly from exper lmontk.

The following"’rables were shown this torsional angle.,
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2v V1 CSNIAY A a (1079)  da ;15=5)
o 0 o o o 0
160 80 900  0.0020  0.00L8
0.0018  0.00L5
0.0017  6.0010
e . | 0-00L8 _ 0.00L7 10 9.5
200 o 1800  0.0050  0.0048
0.0085  0.0040
0.0042  £.0041
ave., $.0043 00043 24 24
300 150 2700 0.0068 . 0.0069 | |
0.005 0.0062
0.0036  0.0080
ave. 00080 ___ 00033 33 35
400 200 3600  0.0078  0.0082
| 0.0082  0.0080
0.0087  0.0083
aVS . 0.0083  0.0083 a6 46
500 250 4500  0.0101  G.0106
0.0085  0.0103
0.0094  0.,0092
aTe. 0.0020  0.01.00 50 55,5
600 300 5400  0.0116  0.01L80
0.0105  0.0118
0.0108 0,011l
ave. 0.0109  0.0115 60,5 64.5
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0.013
0.0130
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0.0145
0.0142
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0.0145
000152
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0.0L70
000158
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T d' - y % re
<y - i ; g oo f S
2V Vib “t1b-in ﬁﬂ’o EY’Q B (10 5) ;ﬁb(}%@%a.}, B

0 0 0 0 o o) 0
100 50 900 0.0018 0.00L8

0.0015 o.022

$.0020 0.0018 _
avE o 00018 00019 705 7.9
200 100 1800 0.00£0  0,0045 ”

‘ 0.0045 0.0046

0.0042 0.0048
ave e 0,0043 G.0046 179 19,1
300 180 2700 0.0080 0.0G70

| 0.0044 0.0076 .

0.0070 0.0073
ave . ‘ ' 0.005% 0.0073 23 3004
400 200 3600 0.0080 0.0189

00,0092 0.0094

0.0080 0,0102
2VS . ' 0.0077 0.0095 32 3904
500 250 4500 = 0.0110 0.0126

0.0103 0.0124

0.0118 0.0120
ave s 00110 0.01L23 4_15 - Bl.2
600 300 5400 0,0110 0.0142

0.0118 0.0142

0.0140 0.0140
ave . | 0.0123 0.0141 51.2 58,6
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6300 0.0130 0.0184

5
0.0125  0.0165
0.0i85 0.0183
aveo 0.0LL0  0.0164 58,4 68.4
800 400 7200 0.017C  0.0183
0.0148  0.0185
0.0184  0.0182
ave, 0,0167  0.0L83 69.7 76,2
900 450 8100  0.0202  0.0202
0.0180  0.0201
0.0180  0.0200
ave . 0.0187 _ 0.020% 78 83,7
1000 500 9000  0,0180  0.0220
0.0221 0.0220
0.0180  0.02253
ave. 0.0197  0.0223 82 02

*%
ﬁ% f& are movement in X
a, d

are movement in Y direction shown in Fig.(18) due to B,C gage

vb,
g
2

yc

g
%

direction shown in Fig.(18) due to A,D gage

are twisting angle in X direction due to gage A and D

are twisting angle in Y direction due to gage Band C
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CHAPTER V

CONCLUSIUNS

In this chepter the torsional rigidity,
the angle of twist, and the torsionzl stresses
of the theoreﬁicél analysié will be compared
wlth the experimental’resulté, A:Logicalchnﬁlusions
then will be given, _

In the first part the torsional rigidity
18 dealt with. Prom equation (44) the total
torsional £igidity is 151.9 x 10%1b-ia2, iy wnien
‘the rigldity developed by twist is 4,18% (3.67
X L.5/131.9), and the rigidity developed by
bending moment 1s 95.2% (125/13L.9). The
torsional rigidity developed by bending moment
plays & most important role in the torsional
rigidity of the sﬁrength in this ten~storey bullding
model frame. |

In the second part the angie of twist of
the theoretical snalysis .is. compared with the
experiment results s shown in the following

Table., .




ANGLE 0¥ TWISTING OF THEORETICAL AND EXPERIMENT%% RESULTS
16ad | Laeory Experimen@al Roesults (10 V)

v | o B g i Fa T 5] P [Suis) Be ser s

100 | 8.2 [10.0! 1.22 9.50 1.16 | 7.5| 0492] 7.90 0.97

200 || 16e4 [24+0 1646 | 2440 | 1446 | 1791 1.08! 19.1 § 1.16f
300

}

2446 |33.0) 1e34 | 35.0 | 1442 | 23.0] 0,94 30.4: 1.28
100 | 3248 {46401 1440 | 4640 | 1.40 | 32.0 ] 0498 39.4 | 1.20

500 || 41¢0 |50+0! 1422 | 5545,/ 1435 | 46.0| 1.12| 51.2 = 1.29

€00 || 4942 [60.5| 1,28 | 64.5 | 1.31 | 51.2| 1.04| 58.6 1.20
700 || 57+4 |71.0| 1.24 | 74.0 | 1.30 | 58.4| 1.02| 68.4 | 1.20 e
800 || 6546 |79.0| 1.20 | 8045 | 1.22 | 69.7 | 1.06| 76.2  1.16

300 || 7548 18840 | 1.20 | 89.5 121 |78.0| 1.06| 83.7 1.15

? i L
000 || 8240 [95.0 | 1.16 | 95.0 " 1.16 | 82.0 1.00: 92.0. ~ 1.12

Table I

From the above Table the accuracy of the angle of twist is
From 0,92 to l.45. The theoretical results and the experimental results
can'be ploted as shown in Fig. (24) and (25) . The toréional rigidity
of main reinforcement and stirrups has very little influence on the
anlge of twist ., Therefore, at the early stages the concrete alorme is
resisting the torsional moment., The main reinforcement énd stirrups do
not provide any resistance, In a theoretical analysis the torsional
rigidity of steel and stirrups is neglected (see Chapter II), In
an expérimental analysis the angle of twist was still obtained,
generally, equal to the theoretical twisting angle. -

In the third part the torsional strains of the theoretical

analysis are compared with the experimental results as shown in Table

III,
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Distance
from the

Theorelical sorain ol Experincntal ROCQLG:

60l."5'in direction | in dirzetion
g — - e —E : -Gy B
top of col.’s X(107%) "¥(207%) | x(z07%) | v(.o-¢
10" 50.0 -26.6 10,0 | -24.0
8" 6300 -2007 27.0 i "'1;«0
{
6" 20.0 -12.0 9.0 § 20 .0
4" 500 ; -1000 ' - 800 ' -1700
g -8.0 | 11.0 | _18.0 - 7.0
Table III

Results from the above table shown that measured strains at lot

from top of column *5" in Y direction and 8" from top of column "5*

in X direction are identical to theoretical values. All results

indicate a tendency for higher strains at the bottom of the column

and low strains at top of the column. These experimental results are

all in the range of .’Lo"6 in, ‘Absclute values are so small that -~

in the labolatory they may be affected by

- &, Room temperature influence causing surface tension or

 compression,

b. Neiboring construction,

¢. Human tecuhnical error.

d. concrete itself is not a real elastic homogeneous isotropic

material,

For the purpose bf analysis "free end" conditions at the top

of the column are more suiteblé than "fixed end" conditions,

This is

“71=



by substituting "fixed end" conditions into Chapter III

analysis,
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PUNCH 2,XL,C,A,XX

Go To 3
END

ZOoOOGOSQQOloOOO
12a6045©a6009875
1290O421e6309875
12.00424.740.875
120004050Q0~0125
12000418o0000875



@

R

R A

B

-

N}

vy

i

—~
R ]

SN
-

~
Ui

—

ey

VO e UU

NN
/ CULD

i

8

©

="
NS

/

¢

~

aYare
—_— e UNAY o

Ayl

K]
!

<o}

Q

.

5)

~
/

~

e ey
AGAUAINNS

eV
AR

eV
Vs

Lo,

AT
v

RN A
VAANG TN @

7

ey
SN

7

by SENAEN AN
./ © OULCU o LU

¥

67



7.50421.63 750

2227
ZZJ0B 5
ZZFOR¥5Z2

C Uik T”S CTV_Q BIGINBERING CLLC NO. 2

1 FORMAT(F6.3,F5.2,56.%,F5.5)
2 FORMAL(F7.3,54F8.2,54F7.3,54Tg .3, 85Xl L2.1)
3 READ 1,XL, G,4,B
7 =1 41 4%¥YT/ .
- @S TN

SH = (EPF(Z)-mPr{=-2))/2.0 ;

XK = (707100 0 ¥a¥B** 5. 0*XL*SH) /(2.0 % =2, 0%C* CHL1 . 41 4%
XL *sH)

12.00412.0012:,625 .625
19.50312.0012,625 .625

54.51612.0012.625 .500
27.01212.0012.625 500
64.53212.0012.625 500
57.,02812.0012.625 500
7.50412.0012.625 625
7.50412.0012.625 500



2309188.0
2975193.5"
856827 .8
1644810.53

796815.6
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L)
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(@3]
(&
P...l
-3
ths
(@]
[éx
@)
[}
..\'1

7,304 3500 875 28220396 .0

7204 2183 G738 1{74623200

7,504 £.74 875 19248716.0

7804 6.00 1.125 5478107 .9

7. 504 30,00 <750 15232668.0

7.804 6.00 1.000 2L70117.1

7304 6.00 0780 688638.6

7,804 21 .63 o780 79858682.0

70504 24074 e 10388359.0

70504 18.00 « 875 10259857.0

7. 504 18.00 780 5538081, 4

12.004 12.00 L2.825 025 11090078,.0
19,308 1200@ 12.625 8628 5340871.1

¢
e
<

i

516 - 12.00 12.625 - 500 1503722.8
27.012  12.00 12.625 . 500 1871502, 4

64,532 12.00 . 12.825 500 1070438,9

57.028 12.00 i2.825 &G0 1122437.4
7,804 12,00 12.828 825 25505033.0

7.504 - 12.00

et
A}
©

[6))
AV}
(%)}
°

(o)
(&
O

13058575 .0
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Appendix

Short Side

Co

Part -- C Experimental results

s LOonNg o

100

200

Toad

400__500

800 __ 900

i£]

-018

-016

-016
-017
=014

~050

-030

~028
-029 "

. =059

-058
-059

078
088
078
078
-075

-100.
-099

]

-008
-006
-007

~00T7

-007

. =029

-028
-028
-028
-028

-006

-006.

-005

-006:

-007

-022
~-022
-024
-023
=024

-006
—-006
~-006
~006
=004

-012
~-013
-013
-013
=010




B2
jy]
< o
M

o

100

200

Loag
400

500

600

‘700

04

ave,

g

- =000

+0C1
=000
-000

~-002
-002
-002
-002
-002

-004

-003
-004

-004 "

~004

~-002
-002
-002
-002
=002

-002
~000
-002
-002
=002

-000
-002
-001
-001
=001

-002
-000
-001
-001
-001

ave,

b

~-001
-000
-000
—OQO

~004
~003%
~004
~004
~004

-006
~006'

-006

-006

-006

-012
~012

3 =012

-012
-012

-014
~-014
=015
~014
=014

-018
-016
-018
-018
~018

~021
-021
-020
-021
=021

‘ave.

+002
+002
+002
+002

+001
~000
+002
~001
=001

-003
=002

-002

-002
-004

-008
-G08
-008
-003
-010

-010
~010
-010
-010
~012

-012
-0173
~012
~012
=014

-015
-016
-016
~-016

-018.

o7

ave.

Ff

+001
+001
+002
~C01

-000
~000
~000
-000

-002
-002
-002
-002
-003

-008
~007
~008
~008
~009

-010
-010
~010
-010
=011

-011
~-012
-012
-012
-013

=014
-014

-014

-014
-015

=001

‘ ,81 : o



Gage

o)

100

200

500

600

700

08

ave,

£

- 001

-000
~000
-000

~000
~000
-000
~000
-000

~002
-002
~-002
-002
=002

- ~006.

~-006
-006

- =006

~-006

~008

~008"

& -008

-008
-008

-008

1000
~010

=010

-010
-010
=010

09

=

-000
-000
-000

-000

~000
-002
-000
-001
=001

-003
-002
-002
=002
-002

-006
-007

~0056
-006
-006

-010
-008
-008
-009
=009

-011
-011
-011

-011

10

ave,

=

-002
-000
-002

=001

-002
~-002
-000
-002

_-001

-002
-002

~002

-002
~001

-005
-005

- =005

-005

~006
=007
-006
-006
~006

-010
-010
—Old
-010
=010

-000
~-000
-000
-000

-000
-000
-001
-001
-001

-002
-002
-001
-002
-002

-00¢.

-006

-006:

-006
~004

. =006
- =008

-008

-007
=006

-012
-012
-012
~012
-012




Gage

No.

0

100

200

300

400-

Load

500

800

1000

12

+002
-000
+002

. +002

~-001
-001
-002
-001
=003

~004

=004
~004,

-004
=006

-006

-006

-005
~-006
-008

-009
=010
-008
-009

-011

~-010
-010
-010
-010

=012

-016

¥ "'016
~016
-016

=018

~020
~020
-021
~021
—02%

ave.

Fj

-003
-003%

. =003

~0073

-004
-002
~-002
-003
-000

—004

-004

-004
-001

-006
-006
~006
-006

002

~008
-007
~006

=007

-009

~-006

~003

-008

L —-005

-010
-011

-010 -

-010
-007

~-012
-012
=014
014
~009

14

ave.

s

~-000

-000

~-000
-000

-002
-002
-002
-002
=002

-005
-005
-005
-005
=005

-006
-006
—-006
-006
~006

-009

—-008.

-008
-008

-008

-010
-010
-010
-010
-01C

-014
-014
~-014

~014

=014

-018
~-017

- ~016
. 017
-017

15

ave.

~-002
-001
-001
-001

9

-000
~-000
-000
-000
+001

~-000
-000
-000
-000
+001

-000
~000
-000
~000
+001

-000
-000
-000
-000
+001

-0C2
-002
-000
-001

-000

-002
-002
-002
-002
-001

-002
-002
-002
=002
=001

H83 —



9]

100

200

900

8«V eﬂ .

]

+000
+000

+000

+000

+002
+004
+004
+003
+0073

+007
+006
+006
+006
+006

+019
+019
+019
+019

+019 .

!

+002
+000
+002
+001

-000
~000
-001
-000
=001

~002

-000
~001
-001
-002

-006

-008

-006
-007
~008

18

ave.,

+001

- +001

+001
+001

~001
-002
~000
~001
-002

-003
-003
-002
-003
-004

-014
~014
~014
-014
=015

19

002

=000

=001

-001

-004
~004
~004
~004
~003

-007
-008
~-006
~007
~006

-016.

-024
-022
~022
-023
=022

EN



Gage Load
o, 0200 200 300 400 500 600 700 800 900 1000
20 =000 +002 1004 +004 +006 +005 +008 4008 00 +010 +010
~O0L +003 +004 +004 +006 +007 +006 +008 +008 010 +010
~000 +002 +003 +005 +005 +006 +007 +006 +008 +008 +010
Fve. —000 +003 +004 +004 +005 +006 +007 4008 +009 +010 +010
7, 0_+003 +004 +004 +006 4006 +007 4008 +£009 +010 +010
2L +000 +005 +008 +010 +014 4018 +020 4025 +024 +026 +027
FO0L +004 +009 +012 +014 +017 +019 +022 4024 2025 +028
001 +006 +008 +010 +016 t018 +019 +021 +023 1024 +0o3
ave. r001 +002 +002 +004 +005 +004 +006 +008 +008 +009 +010
o, 0 +00% £007 $070 +014 017 +019 021 +025 4024 +027
22 +001 +002 +002 +004 +005 +004 +006 +008 +008 +009 +010
+001 +002 +003 +002 +004 +005 +006 100G +008 +008 +008
7000 +002 +003 +004 +004 +005 £006 +008 £008 +0L0 £010
ave. +001 +002 F003 +005 +004 +005 +006 +007 +008 +009 +010
7, 0001 +002 +002 +00% +004 +005 +006 1007 +008 +009
25 =000 -001 -002 ~003 -004 -005 ~006 —00 ~006 -007 -008
=000 -000 -002 003 =004 -005 -005 -006 -006 —00¢ ~008
7000 =001 -002 ~005 -004 -005 -006 -005 -006 —00¢ ~007
#ve. —000 -001 -002 -005 -004 -005 -006 -006 —006 —00g ~008
7, =001 -002 -003 -004 -005 -006 -006 ~006 —006 —008




Gage

No.

0

100

300

700 800

1000

24

ave.

=

+C03
+002
+001
+002

-000
-000
-001
-000
=002

-006

. ~006

-005

-006.

-008

-012 -014
-012 =014
-01l2 -012
-012 -013
-014 -015

1 -016

-016

14 -016

L -016:

-018

25.

-002

- =002

-002

. =002

-0C5
~-006
-00C6
-006

=004

-012

~019
017

-020 -022
~-020 -022

-021 -022

-020 =022
=018 -018

L -026

-026
-027
-026
-024

ave.

5}

+004
-000
-000

“+001

-001
-002
~-002
-002
-003

-009
~-008
5008
~008
-009

~010 -011
-010 -011
~010 -010
~010 -011
-011 -012

-013
-013
-015%
~-013
~-014

27 .

+002

+002

1002
. +002

-002
-002
-002
~-002
-000

~015
~014
~014
~014
~012

-017 -018

-01% -018.

~016 -018
~017 =018
-015 -016

-022
~-023
=022
-022

-020




Load

0. 300 400 500 700 1000

- =000 ~005 -005 ~-006 ) -018
-000 L ~004 -006 -006 -018
-002 ~004 -0G6 ~007 ~018

. =001 ~004 -006 -006 ~-018
. 0 -0C3 -005 -005 =017
~000 -002 -004 ~004 -007
~000 -003 -005 ~-006 ~006
~000 ~-002 -004 -004 ~-008
~000 -002 -004 ~004 -007

. =000 ~002 -004 004 -007
7. 0 -002 ~-004 -004 -007
+001 ~005 -005 -008 ~010
+001 ~004 -006 -008 ~010
+002 -005 -005 -008 ~010

. +001 -005 -005 ~008 ~010
0 006 ~006 ~-0C9 -011
~000 -008 -010 ~012 ~016
<000 -008 -008 ~012 -016
-00 -008 -010 ~012 -016

. =000 ~008 -009 1 012 ~016
0_-002 -C02 ~008 -009 -016

“87‘“
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Gage Load.
Vo. 0100 200 300 400 500 600 700 800 900 1000
5o . +002 -002 ~006 -008 -011 =014 —017 =018 -020 -024 —026
+002 ~002 =006 ~010 -011 -014 -016 —019 —-020 -024 —026
002 -002 -006 010 -011 -014 =016 -018 ~021 —023 —026
ave. - +002 -002 =006 -0C3 —011 ~014 —~016 —018 =020 —024 —026
T, 0 -004 -008 011 -013 —016 =018 -020 —022 -026 —028
33 =000 =002 -003 ~005 -006 -008 ~010 —010 -012 —O0l4 —OL6
~000 -002 -004 —005 -006 -008 -010 —-010 —012 —014 —-014
=000 -002 =003 ~004 -006 -008 ~010 -010 —012 ~014 —015
ave. =000 -002 -003 -005 -008. 008 ~010 ~010 =012 —014 ~015
m, 0 =002 -003 ~005 —008 -008 =010 =010 =012 —0l4 015
34 =000 -002 ~002 -004 ~006 -006 ~008 ~010 ~010 —011 016
~000 -002 -002 ~004 ~006 —008 -008 —010 —010 —011 —OL2
=000 =002 -002 -004 ~006 —006 -008 -010 ~010 -011 —012
ave. =000 -002 -002 -004 -006 -006 -008 010 —~010 —011 —012
7. 0_-002 -002 =004 -006 ~006 —008 ~01C ~010 —011 —012
35 -=002 -002 -002 ~000 +002 +002 +002 +003 +006 +008 +007
h =003 ~000 -C00 -000 +003 +002 +004 +003 +006 +008 +007
002 ~002 ~000 -002 +002 £002 +004 +004 +005 +008 +008
ave. =002 -001 -001 -001 +00L +0C2 +003 +CO5 +006 3008 +007
., | O +001 +001 +001 +003 +004 +005_ +005 +009 +C10 +009

- 88~



Gage and
No 0 100 200 BCO 400 500 600 700 800 900 1000
36 ~00 -000 =002 =002 =002 -00% -005 -005 -005 -008 -008
~000 =000 —002 -002 -00%.-003 -005 -005 -006 -006 ~006
000 —-000 —002 —002 —002 -003% -004 ~005 ~-006 -006 -006&
avie. -000 —-C007:=-002 -002 -002 -00% -00% -005 -006 ~006 =007
.. 0 0 =002 =002 -002 -003% -005 -005 -006. -006 =007
37 ~002 -000 -000 -005 -003% -005 -006: -008 -008 -010 --0L0
~004 -000 -000 -005 -002 -005 -007 -006 =008 -010 -01l1
-005 -000 =000 -00% =003 -005. -006 -007 -008 ~010 -010
SVE -004 -000 =000 -005 -003% -005% -006 -007 -008 -010 -010
P, 0 +004 +004 —001 =001 —001 -002 -003. -004 -006_-006
8 +002 =000 -002 -004 —006 -006 -010 -010 =012 -014 -016
| +001. -000. =002 ~003%. =006 =007 -009 -010 -012 -014 ~016
+001L =000 -001 -004 -006 -006 -008. ~010 -012 -014 -0L6
ave +001 ~000 =002 -C05 -006. =006 -009 -010 4012 -014 -016
F.. 0 -001 -003% =006 —OO7'—OO?’—OlO =011 -01% -015 -O017
39 =000 -002 -003 -005 -006 —-008 —-009 -010 -012 -014 -015
-000 -002 -002 -005 -006&6 =008 -009 -010 -012 -014 -015
-000 -002 ~003 -005 -006 -008 ~010 ~010 =012 -013% -015
ave. -000. -002 -003 -005 -006 -008 -009 -010 ~0l2 -014 -015
. 0 =002 -003 -005 -006. =008 -009 =010 -012 -014 -015
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Gage

No.

0

100

200

200

400

500

600

800

00%

ave.

~002
~002

-002 1

+032

L =032

+033

5 +032

+047 4

+~048
+048
+048
+046

1087

+108
+011
+110

+109

1107 +1

Ol#*

-002
-003
-002

~002

-002
-000

-002 +

-001

-001 4«

+002

+003

+004 =+
+003 «
+005%

O
"

-002
-003
~004

. =003

-006
-007
-006
~006

-003

-009
-010
-01C
-~010
=007

~012
=012
=009

~000
~000
~000

. "'OOO

~-024

~024

~-046
~046

~-046
-046

-058

> -058

~070
~070
~U70

-070

=070



200

Loa

400

a
500

600

700

~004

-003

~004

-004

-008

=012
-012
-012
-012
-016

-015
-014
-015
-015
=019

-018

~017

~020

-019
=023

-012

-03%2
-07%1
-031

-031

1 -030

-039
-03%8
-037
-07%58

-042
~040
~0240
-041

=040

L 040
L 040

-040
-040
=040

-038

~054
~054
-056
~055
~055

o 0
04% +004
+004

+004

ave. +004
E. o)
05% -002
-000

. =001
ave. =001
r. 0
06% =001
-000

~-000

ave. =000
. _0
O7%* ~001
~ -000

. =002
ave. =001
r. 0

18 —-023

-046
~044
~04.4
~045
~044

...'91__.



1000

-045
-045

~-032
~0372

-033

. —~069

-069

L -069

-069
-068

No 0
08% -002
-000
~001
ave. =001
.. 0
09*% 4001
-000
+001
éve. +001
7. 0
10% 4001
-003%
-002
ave. —-001
B, 0
11 -002
( -002
" -002
ave. —062
. 0

-053

0 -052
~050 =052
—049 -052

=047 =050




Gage Load
To. 0_ 100 200 300 400 500 600 700 800 900 1000
12% -000 ~006 ~012 -022 —024 -030 -0%8 -042 —048 ~054 -057
=001 -008 -011 018 -026 -030 -033 -042 048 ~052 ~056
000 008 -010 -018 -023 -030 -038 ~042 -046 —052 —057
eve. -000 -007 =011 -019 -024 -030 ~0%6 —042 —047 —053 —057
B 0 -007 -011 =019 -024 =050 -0%6_-042 047 —05% 057
13% +002 —003 -008 ~013 ~016 =022 ~026 -0%0 —035 —040 —044
002 =003 -006 -012 -018 -023 -026 ~051 -035 —040 —0d4
#0C2 =002 -007 012 -016 022 -026 -030 -0%4 ~039 —0%39
2ve. +002 =005 -007 -012 ~017 -022 -026 ~030 ~035 -040 ~042
7, 0 005 -009 -014 -019 -024 -028 —0%2 037 -042 044
14%  —000 -006 —010 -014 ~020 024 ~030 -034 —038 -042 —048
=000 005 -010 013 -01& -026 ~030 —034 -0%1 —040 —04T
£001 -006 -010 -014 -018 -025 —029 -036 -039 =042 -042
ave. 000 -006 -010 -014 -018 025 ~030 -0%5 -039 ~041 —046
7, 0 =006 =010 -014 015 =025 -0%0 =035 -039 ~041 -046
15% =002 -008 -012 -016 -022 =028 ~0%4 -057 042 ~047 -0L8
~002 -008 012 -017 -022 =027 034 -0%7 ~042 —046 050
-002 =007 ~012 -018 -022 -027 -034 ~037 042 -046 —-050
ave. =002 -008 =012 -017 -022 -027 034 —057 -042 —046 —G49
B, 0_=006 ~010 -015 ~020 -025 -032 -035 -040 —044 —04T
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200

300

Lo
£00

a
500

800

=012

~-012

~{13

~-018

~024
~024
-023%
~024
~002

-028
~-028
-028
~-028
=026

=042

~042
~042
042
~040

-028
-028
-028
-028
-026

-036
-036
-036
-036

=034

-056
-054

=054

-054
=052

=022

023

-022

-022

-021

—030
-028
-029
-029
=028

~044

~-021

-020

-025
-025
~-026
-026

—025'

-032
-032
-032
-032
-032

G4




Gage Load
To. O__100 200 300 400 500 600 700 800 900 1000
20% £002 002 —006 —010 -014 —-018 -023 -026 —~030 —-0%4 -037
F002 -00% —006 -010 =013 -018 -022 -026 029 -032 ~0%5
+001 =002 -006 -010 -014 -018 -022 -026 -029 —032 —0%6
ave. +002 =002 —006 -010 -0l4 -018 —022 —026 -029 -0%2 —-0%6
7. 0_-004 -008 =012 =016 -020 —024 -028 —0%1 —0%4 -033
21% +002 003 ~008 012 ~017 =022 —026 -030 —035 039 —0dd
+002 -002 -008 =012 -017 -022 —027 =030 -0%4 -038 —042
$002 -00% —006 =011 =017 =022 —027 —030 -034 —042 042
ave. +002 -003 -~008 —~012 017 —-022 —027 —030 ~0%4 —040 =047
7 0 —005 -010 =014 -0L9 —024 -029 —0%2 -0%6 —042 —0dd
22%  $000 —-004 -008 014 =019 =025 ~030 —036 —040 046 —050
£002 =005 -010 -014 —020 -023 =033 ~036 -042 —046 —051
+001 -006 -009 =015 ~020 -026 -030 -036 -040 046 —043
ave. $001 -005 —009 -014 =020 -025 ~031 -036 —041 —046 —050
7. 0 =006 —010 -015 -021 -026 —032 037 —042 —047 —051
25% =002 008 =012 -020 -026 -0%1 040 -044 -050 -055 —-061
~001 ~007 —-012 -012 -026 -032 -036 -044 -048 —056 —060
~000 =006 ~012 ~020 =026 031 ~0%9 ~044 -050 —056 -060
ave. —001 —007 ~012 —020 ~026 -0%32 ~038 -044 -049 ~056. ~060
7, 0 =006 -011 -019 -025 -031 -037 043 -048 ~055 -059



500

—-026

-026

~026.

trf

-004
-004
-005
~-004
~-005

-027
=027
-027
-027
-027

-022
-022

-022

-023

._'967.,

~04.4



Gage Load
No O 100 200 300 400 500 600 700 800 900 1000
28% #004 004 -010 016 -023 -028 =036 -042 -047 -052 -056
+002 ~004 ~010 016 -022 ~030 =036 —042 046 052 —0356
+00% ~00% ~010 =016 -022 =030 =036 =042 —-048 -052 —-057
ave. +003 —004 —-010 —016 -022 —039 —036 -042 -047 —-052 —056
. 0 ~007 =013 =019 -025 —042 -039 ~045 —-050 —-055 -059
29% ~000 ~006 010 ~C16 ~021 —027 —0%2 -0%7 ~040 ~044 —052
~000 =006 =010 =016 -021 -028 -032 =357 -040 —045 —-050
~000 =006 —011 —016 -020 -026. =032 —-036 040 —045 —050
ave. =000 —006 —010 ~016 —02L -027 -032 -037 —040 —045 ~050
7 0 =006 =010 -016 -021 ~027’—532 -037 =040 =045 =050
Internal Column
30% =000 —0C2 —0CZ —005 —006 =006 =009 —010 =011 =012 —01Z
~000 -002 =002 =004 =006 ~007 -008 —-010 ~011 -01% -Ol4
~002 =002 -00% 005 —006. ~006 -009 —010 —011 —012 —O14
ave. —001 =002 —003 -005 -006. =006 -009 —010 —011 —012 —O14
F. 0 =001 -002 =004 =005 -005_ =003 —-009 —010 —011 -013



Lo

<A

d

-08 -

1o, 0 100 200 400 500 600 700 900 1000
31% —-002 ~006 ~010 -012 -0Ll4 ~018 =019
~004 -006 -010 =011 ~015 ~018 -019
~004 ~006. ~010 =012 ~014 ~018 -019
ave. -003 ~006 010 012 ~014 -018 -019
T, 0 ~003 =007 =009 -011 -015 -016
32% —002 ~005 -007 =009 -011 -014 -018.
~000 ~005 -008 =009 -011 -015 -017
-000 ~004 ~008 =010 ~012 4 -015 -016
ave. -001 ~005 ~008 =009 -011 -015 -O17
F.. 0 ~004 007 —008 -010 -014 -016
3%%  +001 ~006 ~010 =012 ~016 -019 -021
~000 ~0056 ~010 =012 -015 ~020 021
~000 ~005 ~010 ~012 ~016 ~019 -022
ave. —000 -006 -010 =012 ~016 019 -021
F. 0 ~006 ~010 -012 ~016 -019 -021
34%  ~000 ~006 ~011 =014 ~016 -020 =022
+002 ~006 ~011 =013 ~017 ~020 -023%
~000 ~006 ~011 -013 ~017 ~019 -022
ave. +001 ~006 ~011 -01% ~017 ~019 -022
F. 0 ~-007 -012 -014 -018 021 -023
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