bl

. axlal and eccentrlc loadlng. Deflectlons crack agpearance y
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© 'INVESTIGATION OF 'BEARING CAPACITY
OF ¥HIN, WALL RIBBED REINFORCED
- o CONCRETE - PANELS - - , .
N . ; . - o . g

‘ * HELLEN ' CHRISTODOULOU ‘ P
- Full scale tests were«undertaken to determlne _
L] q s
the bearlng capac1ty of thln wall rlbbed reinforced

»

.ccncrete panels,51nce not enough research data ,is . -

~

avallable to provzde adequate 1nformat10n*concern1ng the

strength of such panels.Five full scale panels, with .

'varlable relnforcemegt were tested as bearing walls under .

v ¢ ¢

!
and propagatlon under increasing 1cad the behavidy’

junctions of‘thin walls,with ribs’,and the ‘ultimate capac;ty .

were recorded dnd analysed. = » -

]

} Results obtained were compared with calculated

Values based on- present ACI de51gn practice, Wlth the purpose

.of determining if the emp1r1cal ACI design method, developed

s

for solid walls is also appllcable for thin wall ribbed o

panels. (1). Results ‘show that the ACI de51gn method is

@

' appllcable in evaluatlng bearlng capac1ty of thln wall panels.

.
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INTRODUCTION ! N ?

-
.

\., ' . (3
Prefabricated,reinforced concrete panels have

. e s
© o T PO S 1,

N . .
recently become more widely -used in building industry. for

¢ .

Vo housing construction.Present technology enables the making
of relatively thin panels.The required rigidity is provided
. ¢ : . K ’

" with perimeter ribs.Such panels introduce economy in

consumption of materials and have béen'applied for example, °

s RAVIT TTE o ontn g1

' N - S M . : .
by Zielinski for walls and roofs for ‘low ccst housing
.cornstruction. (2),(3).Such panels have been for ‘a number of R

years a subjeét of research at Coricordia.University.Earlier

o e AV P e T

tests were done c¢n similar panels working:as ribbed floor.-

¢

elements or wall beam system. (4),(5).

s ' -
K

. o The main purpose of the present research is to
study the behavior and:strengtﬁ of thin wall panels working

as bearing wall elements.Not much data is available .in

this respect since most of previous research work on behavior
and bearing ‘strength was done on solid gghick57wall panels. (6),

(7). ) .

USSR
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RESEARCH PBOGRAM . , f’
, / . ., .
2.1 DE;SCRIPTION OF TEST PANELS . 7 s : "
. ' ~ . . e
The dimensions and reinforcement details of -~ L.

. T v
panels are shown in/Figs. 2.2 ~ 2.7. The panels have a

very.thin 1 1/2 in/ concfete slah reinforced with a wire

mesh.

A

W -\ . .
.overall dimensions of the panels are

»

jome pamels had additional g¢ross ribs.

. . (1 . \
All panéls have edge ribs formed in such a way

‘that;whén placed side by side with in-situ placed grouﬁ a

shea& key joint is created. .The panels may also be'provided .

with inserts for welded connections. | Additional strength’in

connqétion may be created by protruding main flexural
< , ) ~ . M R s

r
0 v . o .

. reinforcement 'to the outside of the panels and into the cast

»

in situ concrete in joists.

o

‘More detailed description of individual panels

. . tested is given belo&.‘ o . e

~»
[y

Panel 168-9 (H1l), was similar to panel 168-8.
Also here a combination-of wire meshes was used, a - "

6x6 - 6/6 over the entire length of the slab andla heavier

" mesh of 6x6 -1/1 in the shorter support seqemenf. Bars’

#3 and 1#4 were used in the upper longitudinal rib, 1#6

and 148 in the lower one. The ties provided were 5#4 .

in all ribs.

Y
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' Panel,lEB%J.»(HZ); comparable to panel le8-9,
contained a 6x6 - 10/10 wire meshaover'tﬁe eneire length
of the membrane-ahd.a 6%6 -1/1 mesh at mid Height. ‘Bars
'1#6 and 148 were used as relnforcement of the lower t-
\ longltudlnal rib and 1#3 and 144 of the upper rib. Thie Qﬁwp.
panel also had 1ntermed1ate ribs 51m11ar as 1n panel 168-10

but reinforced with 1#3 and 1#4 bars.

S

Reinforcing steel yield strengths Fy were
established by testing of 18 in long samples for every bar

of reinforcing bar and wire mesh. Steel test results are

¢

shown in Table 2.1. .
i . -

: - » \ .

Panel 168-8 (H3), contained a wire mesh combination of

one light wire mesh 146-1210 over the entire length of thel

slab and an additional mesh §x6 - 6/6 in tﬁe shgrter support

segment. The lower rib had 245 rebars and the upper rib

had 1#2 and 1#3 rebars. Both ribs had 244 stlrrups .
Panel 169~10 (H4), contalned relnforcement similar /’I{ '
to panel 168 8 but in addltlon it had two intermediate rlbs a 1

. s
" +6 in. deep and 1#6 and at 546 of the panel height. These _ '

ribs were reinforced with 1#2 bars each, and were provided

for additional rigidity ot the ﬁembrane or as a frame for

a possible window opening. ﬁf

‘Panel 168-7 (H5), representing a window panel was
the most heavily reinforced. It contained a two 6x6 - 6/6 .

ﬁelded wire fabric wire meshes as slab reinforcement, 2#9 T

.
P

; in 1ong1tud1nal lower rib, 1l#3 and 1#4 and 1l#6 stlrrups in

the longitudinal upper rib.

B T Rt 3
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P TABLE: 2.1 'STEEL STRENGTHS TESTED
a
)
s. i ‘ \ ,
H .
E REINFORCEMENT NOMINAL AVERAGE  Fy
: © TYPE AREA) ’
3 N PSI
MESH GAGE " #10 0.0143 85,314.7
146-1210 ‘ —
. GAGE #12° 0.0087 87,314.7
'; MESH it 1; '
; 6x6 - 10/10| GAGE #10 0.0143 83,449.9
; . . s R . \l ' . .
| MESH . o |
= 6x6 - 6/6 | GAGE #6 0.02895 72,884.3
: MESH ;' GAGE #1 0.0629 76,364.6
6x6 -~ 11 o
i
: REBAR #2 0.05 ~ 44,1334
REBAR 33 0.11 | 55,218, 2
3 0 \
REBAR - #4 . 0.20 48,066.7
~ REBAR £5 0.31 | 49,731.2°
’ 1.
/| * |REBAR . 46 0.44 1 43.522.7
i ' : _ : __
| REBAR 46 0.44 51.098.8
- \ . hil
3 . L
] " ® g /
, %
-1
. .
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,1/4 in. mason{Le pad The load was applied in increments

1

<

| o
2.2 |LOADING SCHEMES'
i

Oné panel marked Hl was loaded eccentrically and
fourfpanels marked H2-H5 were loaded at the center of
gravity. ' . . ,

The' load was applied by means of ayhydraulic jack
\
through a calibrated load- cell a stiffened beam and a

~ 4

controlled by -reading of pressure on the monometer and

/

strain indicator from ‘the ‘load cell.

%
/
.

o Dial gages were used to measure the horizontal

N
.

Kz-axis) and the vertical/(y-axis) displacehenté.' Loadiné

scheme and p051t10ns of the dlal gages are shown in Flgure 2.1,

In order to support panels on an area correspondlng

to panel cross section in the middle a 1/4 in. masonlte pad
! ’

was cut similar to cross section. dimensions, as shown in
figyre "2.1. . ‘ : . '
. ¢ .

» The surfade of the panels was either brushed tlean

-or-painted white for easier crack o servatlon. (Rectangular

Y

grld 11nes as seen in Flgure 2.1 were drawn on .the wall surface
so as ,to facilitate the locatign -and the marking of the
cracksduring testing.

Readings weré taken at each load increment from all

»e

- the dial gages and stra}n indicator and the panel was

carefully examined for any cracks. In the event that a crack

had occurred under the‘garricular load it was visibly marked

.
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f
o
1

s

E ’ ’ . , N -y ! i’ ‘.

along the craékawith a marker for further easier

observation ani photography. ‘

‘ . ‘ All the panels tested were loaded till failure.

/ o Crack patterns |were recorded on scaled drawings -and
. ¢ ' o ‘ ' L)

sequential photepgraphs were taken. (Appendix C ).
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CHAPTER 3
N TEST OBSERVATIONS, AND RESULTS
' y . ) f




. TEST RESULTS ‘ _ (/ !

The'folleing observations were made during the

<

tests. ) ‘ . . i

-

1. Failure loads (Table 3.1)

2. Instant of cgéck appearance and nropagation under

.
> ~

increasing load. (Figs.). - , ’ : L

3. Displacements in the horizontal '(z-axis) and vertical
(y-axis) directions Table 3.2 & 3.3.

[N

4, nge and locations of failure. : ‘ - ©

3.1 Failure Loads

Failure loads and loading schemes of each p@Lél

tested are given beldw.

‘e

TABLE 3.1 TEST SCHEDULE AND RECORDED STRENGTHS

B . i ' .

.. |TEST | PANEL MARK LOADING f'c . | PAILURE
NO. | REINFORCEMENT SCHEME LOAD Pg A
DETAILS . . - PSI KIPS
1+ | 168-9 e | “s2s9° | 200
H1- : | '
2 . 168-11 @ ' 5073 226
| H2 | S I
3 " 168-8 | . ¢ 5306 270
| H3 . \
4 | 168-10 ¢ | -~ a698 275 °
H4 . .
v s 168-7 - e .. 5023 309
5 " HS: . - ; ‘o,

e: eccentrically loaaed
c: concentrically loaded

!

. ' oo, . , g ‘
. e A .
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3.2 OQOVERALL BEHAVIOR AND CRACK'PROPAGATION

! ' o Panel 168-9° (Hl), was loaded eccentrically
s . , ' A , - »\l ‘
/And it failed at a load of 2C0K . Co:régponding to an

qccentricity of 2 1/2 in. measured from the'center of gravity,

4 .

it ‘can be estimated that the panel failed at an imposed

moment of 41.67 K. ftFirst crack occurred at a load of

e

46K Longitudinal cracks and separatioh of the ‘side ribs

e .

? from the wall membrane occurred at’the top quarter of the
: ) panel. The pane} had some existing shrinkage~cf3cks which ~*

kept on widening and extending along. ¥ Some horizontal

'« cracks occurred at 114K and. 200K.

¢+

Panel 168-11-(H2), was concentrically loaded. .

) ' Thé'failure %§ad was 2;6 K. Vertical as well as horizontal

| cracks occurred on the panel.Ther; was a separatigﬁ of
‘ribs'forﬁ the wall membrane. The top half part of the panel -
twisted and inclined on one side a small angle from the

vertical. 'Twisting probably resulted by a weakened rib on

this side which was slightly damaged during handling.

e

Separation of the longitudinal ribs from the slab membrane
F was insignificant compared with panel 168-9, probably

' because of the presence of cross ribs.

£

. ;

Pangl 168-8. (H3), was loaded concentricall&. The

fajlure load. was 270“K.¢!ost cracks occurred along the perimeter

of the slab at junctions with longitudinal ribs. Failure

odcurred at the top,at the‘intersection of the rib and the

1)




1 B

wall membrane. > . L)
' Panel 168-10 (H4) loaded concentrically failed
275 K. As panel 168~11, it’ had two internal cross ribs.

}

At the connection of the cross ribs a few cracks, but
" . ) P -
no separation along the perimeter ribs occurred.

Separatlon of edge ribs from membrane occurred at failure

at thebottom ' ‘ A .

f,
Panel 168- 7 (H5), w the most heaV1ly relnforced

IL had a window opening of 2 ft. x 2 ft Failure load was
309 K, the highest of all the panels Cracks were vertical' 1 i
Fallure occurred around the win@aw Qpening: eﬁ\endlng up to

the edge xjbs. There was a change of curvature on one ‘sidé v {1 .

of the panel.

3.3 . MODE OF DEFLECTION | ’5‘ .

Generally maxxmum deflectlons occurred at the center

of most panels and deformed &%y single.curvature in th

direction of wall slab. Panels‘having jnternal cross ribs

) ~

showed smaller deflections both in the horizon 1 and

—— -

. vertical directions and deformed with double curvature.

In all caseés panels failed at the intersection of the 2

ribs and the slab at the too or bottom where there wai/i’/#,

. sudden change of cross section.

3.4 GENERAL OBSERVATIONS ON MODE AND LOCATIOﬁ oF FAILURE

l -~

Common to all.panels was the fact that all deflected - ;

in one. direction,outwards in.the direction of the wall -

2
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'Junct&ons Qf bottom or 4¢op ribs w:.th ‘the slal,wHere the cross

sectlon changes and at cornersyln a;eas of concentratlon of
“ ot < ' s
\ I stresses. -, o | % \ .

. o Heavier reinforced panels falled at h:.gher loads. b

~

4

~

\“\4Panels contalnlng internal cross&rlbs( stlffenlng ribs) ,. .’

-

;gev loped pronounced séperation of cross ribs from thelwall ’

VT dmembr ne and most of the failures occured around the- ribs.

k4
e e L
LN

o

f

.
s R e L

- Two such panels tested showed similar horizdntal displacements

RN dnd deformatfons as can be seen in Figs.3.4,3.6-7,3.10-11.°
| . ‘ N % : . . o L
e The window panel developed vertical cracks oo
P e . ' AN
extendi from bearing Yibs at the top and bottom to the' ,

- - ‘ 4 4

st s 8 e

~
-

corners of, the V(indoy A. comblned stress state of '

compress:.on and tension above and below the w:Lndow resulted-

in concrete fa\a.lure around that area. - .

.

The eccentrlcaLly loaded panel fan.led at the-

'
t o

lowest 1oad. as compared to other paneJ,s.a_nd_ demonstrated the N 4
‘ . :T ~ -
largest vert:.cal dlSplapements. ” T o
' (— Crack pattern draw1ngs of panels are shown in
- - b LI
. yFi .3.1473:1 .~ﬁe‘numbers marked on, crack patterns represent =&
A’ ﬁ w

n k:l.p aat %hi'ch oracks welre notiCed Dashed Iine’é\
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: Photégraphs of cracked panels are shown in

) Appendix C. : s « : :
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)( " ANALYSIS OF TEST RESULTS
n“j !

4.1 Concentrical;y Loaded Panels . ' \ .

Szné/7197l the strength des;gn method" adopted’
, by .ACLl Building Code used the wall de51gn equatlon (4.2},
/ ' for tHe.principal design procedure, allowing for the design

”

of wall e%ements as columns, and defining’ _"reasonably <

concentric loads as those applled Wlthln the mlddle

third of the cross sectlon . . .ol R

N The equation was ‘considered .as a product of two

b /,fﬁnctlons
- T P[ '

. - u

o _ 2 - 2 ~ [4.1]

- -7 pg, bhA . o

where F, = 0.55, and is function of eccentricity N

. 1 . .
F2 =.[1-¢( 555)2], ano is a ﬁuoction of.

slenderness.. ' S “

Section 14“2.3 - of the ACI 318-77 Building Code Requirements

for Reinforced Concrete (7% expresses the wall design

i
4

equation as:
‘ : 1.2 ‘ ,

-

It should be noted that equation [4.2] does not
take into account the presence of steel. 1In the case of
thin wall panels, because of smaller cross sectional area,

contribution of steel may be fhore important and should

' %
- . u
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‘

L - . f "
not be neglected. Thus, equation [4.2] was modified to

* take .into account the presence of steel, given by:

N - 1 f
Py = 0.55 f A f' [1 = (3§) %] (1 + (m=L)py + (n-1)py]

*[4.3]
(& .

where ) - ‘ )

P. = factored vertibgl load on walk
f!c = specified compressive sﬁreng£h of concrete .;‘1 T
ig = i:dssfsectional area. '

C/h = height to thickness ratio of the wall
m , = fy_'/f*,c vield sérength ratio\of steel to cqncfete
P m = ratio of yielded steel area to gross-atrea :{
n = E%;Ec ﬁodular raéio £ L - .
P, = ratio of non yielded steel area to gross area {
g o= capacity reduction factor. ,

v
~

=
The modified equajion was u;ed to calculaée the
carryi9g capacities of the concentrically loaded paneis.
In equétion 4.3 thé ratio of modulii ofelasticity n for.
non yielded reinforcement and yield strehgth’iatio m for
yielded reinforcement‘willvbe assumed. The ratios were
inéorporated.in the equation on the basis that maximum

strain reached from concentrically loaded panels was

0.0016 */in.




v

The‘computed values were compared to'test results.
L] .

R . \ }
The ratios of failure loads to computed carrying capacities,

?

shown in table 4.1-2 result in ratios greater than the

capacity reduction factor of 0.7 (recommended by ACI 318-77).

: ‘,f, e ™
The carrying capacities of the panels were also

calculated with direct application of equation 4.2, neélect-

. ing the presence of steel. The resulfing capacity |

reducﬁiop factors, shown in table 4.1-2 are higher than
values obtained with the modified equation.Thus,it may be noted,
i ‘ . . "

that the equation may be safely appiipd for the case of

fhin wall paﬁels of pr0perties~éomparable to those

. studied in this research. Detailed calculations are shown

in Appendix A and B.

K
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TABLE 4.1 COMPARISON OF FAILURE LOADS WITH CALCULATED

VALUES FOR CONCENTRICALLY LOADED PANELS.

A
hY -
o Mm‘\‘f‘lﬂw s o WLV Y B -
N

- .\nmg‘me«
o
-
1
e

|
4 ,
| | PANEL P P P P P - w
o0 MARK | (E n 4 5) | (E nu4 2) Iy 4 E7R = ~
| ' j an 2.9/ teqn 2. (Eqn 4.3) | (Egn. 4.2)
B * KIPS ° KIPS KIPS N
168-11 285 253 226 0.80 0.89
H2 :
, ' {
168-8 282 265 270 0.96 1.02 :
H3 , ‘ ~
K ]
‘168-10 250 235 275 1.10 ©1.17
H4 ! ! §
. e L
168-7 294 251 309 I.06 ;ézs ;
HS . Y : ‘ ) :
™




was in compression, therefore contribution of steel was’

4.2 Eccentrically loaded Panels

N .
Panel 168-9 marked as. Hl failed at 200K

Due to . 1ts unsymmetrical shape, by plac1ng the load I

on its geometric centre resulted in a small eccentricity.

The carrying capacity of this panel was calcllated

conSidering the compatibility of strains of steel and

2]

concrete.

, Because of small eccentricity the whole section '
. R N\ ‘
calculated on strain compati bility basis.anhe rib side

was under maximum compression,hence it was assumed that.

"extreme fibres reach ultimate strain of 0.003.

AN

1

TABLE 4.2 Comparlson ‘of Failure”loads with Calculated
Values- Eccentrically loaded.

Panel Pu
? MARK - | grpg
168-9
I mL 238 ’

s
"
R O VTR A
AN Xk

Y e

o

By * . . - - PR e T ot -
LTS .. G e s T ,—,W
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CONCLUSIONS

"

‘From experimental and analytical results the following

conclusions may he drayn./ | '

p)

(1) The design method for walls recommended by ACI

e

(318-77) may be safély applied to the design’of'thin walled
panels of comparable properﬁies to panels studied.Such panels
may have w/t <32 and an overall width to'léngth ratio of
.h/lcél/lB.S.The method,using equation 14.1of the ACI Code:
of Practice or the modified equation breéeAted herein’is
appligable to bbEh Exial1§ loaded panels and panels héving
small structural e§céﬁtriuityilh this case,gcceptricity
result?d‘since the centexr of gravity of the bearing fcqt
did not coincide wiéh tﬂé center of gravity of the %anel
itself. :

(2) For panels tested,steel is significant. and should
be considered in tpe design practice.

(3) Panels whichlﬁavg a meﬁbrane on- one sidg,deflect

A

in the membrane difection.The,displacements are larger in
eccenEricaliy loaQed panels;Recprded'displacements ﬁp.to
fhilqreayere relati;ély smali if the range of h/247 to h/331.
(4) First cracks which occurred on panelé without cross
ribs occurred at 114K to 137K loads. On pénels withoutnribs,
including the éne\y;th the cut out for  window,cracks ‘
‘occurred étgsmallér loads of 46K and 69K}Under'increasing

load and increasing .displacements in the direction of the

-
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mebrane,existing centrally located shrinkage cracks were

expanding. _ . @
(5): Generally all panels failed at the intersection
of the membrane with edge ribs,exﬁept in the caseé of the

panel with the window opening where failure occurred at

N ‘3

N window corners,where there were abrupt changes in Ccross
a '

section agd cpﬁcentrétion of stresses.Panels having créss
ribs devéloped pronounced seperation from the wall membrane

and failure occurred around ribs.

il

(6& The research reported,did, not study the

'stabilit aspects of -these pahels._These formed the subject

of other research carried out concurrently and results : :

N

. are presented in a separate paper (8). .

(7) It should be noted here that cdnclusipns given
in this report are based on'h limited number of model tests.
There are other aspects influencing sterngth of thin wall

panels which arg’not investigated and could be_cénsideréd
. o . . -
N as a topic for furthér research.Thesé include variation

of reinforcement,influence of dimensional relationships
k™ . .

~

and shape size and distribution of ribs.

-
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APPENDIX A

e

- CONCENTRICALLY LOADED

DESCRIPTION, MATERIALS, AREAS, STRENGTHS




A &
- ” i | hPéENDIx'A o ( S
. .(\\. ) ) . . | Jp . | /ﬂ,k S .
. A ' N o (

- A.l - panel, Description, Materials, Area%. -
. =T B} .

. | [} B ,’\'\ . ! »
A. 1M1 PANEL’168—11 (B2) o : * .
TN .'8-‘ _ f ‘
: - £ 5073 psi
| 102.44 m2
o . .
e =108 dn; 1oL
= 8 in. S ..
i ” )
einforcement -

(o]

n

N
2 )
tn

R S ; . oo : S N ’ o
SR L . 1¥5 fy.=60%psi - A = 0.31 in?
S ’ L8 £, 2 60 psi A, = 0.79 inz
' ¥ e . - .1#3 £, =140 psi A_= 0.1l in :
' ‘ R 0 144 fY = 40 psi A, = 0.20 in?
” ’ o ' !
B AN ., MESHES' o
RNt - ' . . >y ’
t . ’ . 0 i . R 2 .
co . . 6x6-10/10 £,=83,449.9 psi A_ =0.10 in’
B RS . 6x6-11 £, =76,364.6 psi A_ = 0.44 in ')jﬂ
‘ o - N » © 4 g / >
; @ A.1.2 PANEL 168-8 (H3) '~ .
| ) 3 N "
NS . f'. = 5306 ¥ s - -
‘ lz . ' ) Ag = 102.44 1. L s 7 .
¥ a. ¥ > i.» R ~" . - - .
' ¥ c = 108 in. .
’ RO ) . Y e k
: . L b =8dn. . R Y
v . @ , ! ] -
‘ . Reinforcement . Bars '
. ' ' : o s 27 -
R A 245 . £ = 60 pei A = 0.62 in .
- . " . . N . , _ N .
- ¥ LTt T M2 gy =40 pei Ry 5‘o.os:fh2' ]
-k N a : o B 143 ¢ £1;=4g psd As=0.lill'ln‘ " ,’
FA 7 LN ! . ‘t‘ . . L . , .. ' »
RN . S TLow Ao eupsEES . R
R . [ . s - i 2 ! .
X . 142-1220 £, =.85,314.7 A, = 0.0715 in2 N
1 oo T 6%X646/6 £y ='72,8848 . A_ = 0.203 in® T




e e S -

e ———C— N e o

) : ' T e
. a =49~ ’
, « . ‘ . ' (ﬂ’
A.1.3."  PANEL 168-10. (H4)
. o s . (4 o
£, = 4698'psi °  ° ° .
- V ;
‘ SAME REINFORCEMENT AS PANEL~168-8 .-
A.l.4 PANEL -168-7  (HS) - ’
£ = 5023 psi. | . ‘ i ’ :
- Ag = 102.44 ) . 1 |
. lc =" 108.in.. ° = . - ’
h = 8" ’ N .
Reinforcement : BARS: H
V - - | . ‘
, - 249 = 60 psi A_ = 2.0 in®

. . 143
\ . o «‘l/#’9"

~ L

2-6x6-6/6 £

B 1 . . - ‘. [y -

N

40 psi - As
40 psi'; A,

N

£
£
£

L R

MESHES

¥

L3

72,884.3 ps

0.11in? R
o,zo;n2 o “ ‘

Ve
i A =

-
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l

2

8

-

L " In equatlon 4.3 P,

Panel sgagngths (usfhg equation.4.3)*

.

is the design value used.

. , Slnce the ultlmate ‘P ‘Pu/ﬂ' ﬂ may be - evaluated from

ratio Pf/P where Po is the failure load.
, u

A

..

«

g = .8
Py, :
'A.2.1 Panel 168-11 (H2) ° ",
- - . S N ™\
bt . ( &ﬁ
S \ 108 40,000-1,0.3%
o, - ' . .64 ]
o ‘4 -~ Q\ ! ‘
L pyy S\283K , P =28377
Pg = 22¢X 1 b
| 226 .
. r =T/, u- 7283 .
) o ‘ g =0.80 , \
A ) \ - , ‘\'. )
< ) - ) ¢ f
.A.2.2 Panel 168-8 (H3)
Py = 0.55(5306)(102.44)[1(guﬁ%)][1+(19§§%%:Eﬁi%i%%4
L t t" v ‘ .'
. ‘ I 0.895
~ ) . . ) ) +- (6 91 1) lm ] N v
. £ |
r 4 . R ‘
. ) o Py = 281K, By = 281 9 _
o . A il : "
o SRS 270 . .
e i . "‘. K .’ ﬂ af/ﬁ.ﬁ? m.
L ‘ P =0.96. o
¢ . . t o
. o \
¥ N } .
» P Ll




5 ' ’ B .
L ~ ’ - ‘ .
' - v ‘ _51_ B
] | A.2.3 Panel 168-9 (H4)
\
108 40. 00 0.16
P 41 0.
‘. o = 0.55(4698) (102.44) [1- (208 Pyr14 223 1) o5eeg
‘ | | L 0.895 .
' +(7.34-
| v (7.34-1) 5547 |
: 0 o . h
;j . Pu=zsc~x;1>u=z§og A
sl 'a, ) Pf— 275K ' ®
' : SR 75 |
S : o o S/F,= %53 C
L "g = 1.10 ~
' A.2.4 Panel 168-7 (H5) - o
° - i *
. 0.55(5023) (102. 4 [1- (1328)21 (%0 1>1373;}4
\; . RN 10-1) o5ty J
' ‘ ) N > a ..
A I , Pu=29ZK;Pu=?92¢
lf// % * Pf * 309K .
R . : -
v
- . Pess. 309
‘ g =f/Pf 337
“+ - ‘ ‘
. Lo B =108 : |
L SR : .
. " R ‘ = “,’< "
A N\ '
.
R . " \ .
# 4 , - .
v, > ¢’ A 4 ’ -
.c.‘ . " -
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A.3 Panel Strengths (.lrsing\equation é{)\. '
Using Eqn 4.2 which neglects theégoresehce of steel

the capacity reduction factor is evaluated by calculating

o - P . ) : -
P, ' Since Pu""ﬂ' .
ﬁ\:P. 4
f/Pu

A. 3 1l _Panel 168 11 (H2)

/
/
Py = 0. 55(5073)(102 44» [1 era{{ ] ’
- e
R 1_’u= 253K; ?u=253 8's
= 226K
= — 226
2 f u 53 >
.. B =10.89 .
Y $

A.3.2 Panel '168-8 (H3)

.. P, = 0.55(5306).02. 44)[1-(108 );2]

Pu = 265K; ﬁu =265 @




A:3.4. Panel 168-7 (HS)

¢
y <0 ,
=53~
. .
/ ~
’
A.3.3 Panel 168-9 (m4) e
: : . \

.
.
. . « . Y
(\/’\' . .
.

P_ = 0.55 (4698)(102.44) [1~ céggg)zl

P, = 235K ;- B =235 ¢

P = 275K
_Piie 275
8 = £/F 318
..’ﬂ=l.l7~

. red

R
R | . - 108
. 0
Py = 0.55(5023) (102.44) [102.42) [1~ (T_-§1]
S _ .= _ 251
) Py = 257K ;B = 5
‘ ' P, = 309K
- I.;' { . . g = l 23 ’
¢ ¢ N
«“ 1]
3 S
\ & -
/ . A
. a )
- s .‘
- !
"
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APPENDIX B
' ECCENTRICPLLY LOADED |
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APPENDIX B
» .
B.1l Panel Description, Materialé,A}eas . T
B.1ll1 Panel 168-9 (Hl) * )
' = 5269 psi . . ~
; ﬁ c T2 '\ .
'A-g = 1Q02.44 in"
1 . =108in. X ' ‘ .
c N
‘h = 8 in. . ’
Reinforcement C BARS
, - .2
° : , 1#3/£, = 40,000 A = 0.11 1n2L .
| . 4 g’ = 40,000 A_ =.0.20 in2 \
' - 146 £ = 40,000 A_ = 0.44 in2
) s 148 £, = 60,000 Ag = 0.79 .ln
- N MESHES . I
’ , ' . . . )
, 6x6-1/1 £, = 76,364.6 psi A_ = 0.44 inu2
. oo . 6x6-6/6 - £, = 72,884.3 psi A = 0.20 in" = ..
i: . .\ . s i 1 . {A \ \ .
. ) . N . . ' . ' N
B.2 Panel, Strength ; ' .
Eqﬁivglent Section ‘
« N ' -\ . ) ! ’
S ' a = 0.11 in® Mesh.Area = 0.64 in®
e - s ‘ /’ R As -=0.44Oin2
- . 48 u 1 Ee
s ) TR
[ © By = 0.787 o .
O ', a'=0.787 x  .€8/0.003 =




& o ‘
1
Fc2 =

Fs

5]
n
]

N L. 2 s's

NI

Fcl

Fc

ll

2

m

R ¢ ]
-
i

.
.

0. 85 £

-- —*—FGF—=~6-85~£‘

1 Rg1fyyt
€ _.E .A;

0.20(40}

e Lo

¢ 3207

£

Ayaiyo

-

0.85(5259(6) (0,787 (x-6.5)

..FC2

+ 0.79(60)

. F?Z =

0.85(5.259)(42) (0.787~6.5)

= 147.76%-1220.35 kip

L

- Fslz= 55.40 kip '

Fs, 2 1003 ¥ 1.193x29x10° [

Fszt— 103.79 [

3 . x- 7 25]

X=- 7 5 ] kip'

’

. P(x-4) = Fsz(x;7;25)+Fsi(x-o.75)+Fc1‘iE951§1§3

x~(0.78%x-6.5)

147.

o

76x-1220.35 kip

=,

' ‘ & ; +‘Fc2( 5 )

? ° ' 2 '\' ‘ A Y
; T o (x=7.25) ey (x-0.78%)
i P(x-4) = 103.79 82D 4 55,40 (x-0.75) o+ 21,11 x0T

- + 147.76x-1220.3s(‘°'7gqx*6'5)
~ ‘ S pe
P(x-4) = 28.54x° + 509.44 x + §i§§;3§-- 5512.66
> S—— -

T A (x=4) . -
.- - [B-1]

- . + /

P = 21.11x+(147.76x-1220.35)+55.40¢103.79 (21223

i R ' ' / . . '

.. P = 168.87x = 1061.16 - 122248 [B-2]




¢

¢ .
Equating [B~-1] &»([B-2] yields the following equation.

140-33x°-2246.04x° + 9004.82x - 2445.34 = 0

«

. L T ~ [B-3)
Solving the above equation: - .
e \ Co x.= 9.322" -
I ‘ . - . .
Since a = D.787 x.: . ‘ ,
oo . a = 0.787 (9.323) : ‘a = 7.337"
'a' falls in' the slab. s
‘ ! N

LI . N

-

from eq 2 [B-2] ; substituting for x:

\

= 168" 87 - _ 752.48
P = 168.87(9.323) - 1061.16 5333

3

‘ ! ) '\ L.

~ Multiplying 'the above 1 4 by a factor of 0.55 to.take

* into cdnsideration eccentricity;

" Pu= 0.55P . X c, -
= 0.55 (432.50) ,
' Pu = 238K
Y .
ﬂsinc\e\ Pu=fﬂlé‘and L - Pe= 200
2 - P —
« ® ﬂ = f/Pu= 3.9—9.—.
o .. B =0.84
e . ‘
. '\.' ‘ ’ . R '

Vp = 432.50K |
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Figure C3
Overaill View of th_e Loading Frame ~
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Figure C8 - - ) N
View of Papel 168-11 '(H2) in Test Frame

(At Failure)
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Figﬁre Clo0
-Front View of Panel 168-8 (H3)
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