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Full-scale tests wére conducted on pre-fabricated

.

réinforced thin-wall ribbed panels in order ‘to study their

overall behavior and determine their Bearing Capacity under

t

in-plane loading. .,
1 ' € N ‘ , ) .

The cracks .appearing on the panels were cbserved,
\ . e . .
and deflections were recorded under inbremental loading
1

untilvfailure.

3

Recorded ultimate Bearlng Capacity loads - L2
were compared to those calculated accordlng to The Emplrlcal
Method of ACI Bulldlng Code, Chapeter 14, for wall design '
'(ACI 318—77». The buekllng strength ‘'of these panels wag

: . . s
checked and proved 6 bé& not critical.
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- wall panels of unsymmetrial cross-section for the determina-
5 CR ‘ .

CHAPTER I ‘
- INTRODUCTION

LY s
. g
H

' 7

Prefabhricated thin-walf.concrete~panel systems are
presentl¥ widely used in building,industry. For example, '
such panels have been used on numerous projects for walls and

floors in low-cost housing by Zielinski (1), (2).

Strength.and behavio? of thin-wall ribbed panels
became a subject of ongoing, research work at Concordia Univer-
sity. 'Eaélier fesearch included riﬁbed panels working as
wall-beam elements (é). 6ther reséarch was done on feduced

scale walls of constant thickness (4).

. * ' Not much research data is available on the ‘;~
Stgethh of ribbed thin-wall panels; this is. what prompted
the fesééfch work here. The’main purpose of this research
was to study, on full scale models, the Ultimate ﬁeariég
Capacity of prefabricated thin-wall panefs} of symmetrical\
cross-section;"andfio verify th applic&bilitf of the design

method presently recommended for walls by the ACI Building

Code of Practice for Reinforced Concrete (ACI 318-77) (5).

Analysis of such panels led to the determination of equations

which were applicable to the design of walls.

n

' A parallel research, to the one presented in this

S

report,'at'Concordia University, included’testing of thin-

-

Lt
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CHAPTER ‘II \ o

,PANEL DESCRIPTION AND %TERIAL PROPERTIES
é ‘ T @ I '
2.1 DESCRIPTION OF PANELS

L.

\

X N l]
The panels were produced in 1975. Some of' the

N

panels then produced were used in earlier research as wall

beams . The panels had overall dimensions of 89" x 44", and
were .made of thin-wall slab hembréﬁp énly l% thick, with

3" x‘é" ribs all around the  perimeter, thus forming a thin-

walled symmetrical structural element of I-cross section.

-

These ribs were provided in order to dccomodate the perimeter

reinforcing bars and to increase the overall regidity, as it

\ .
- Al (-]

was required for walls in Buildingé.

¢

All panels conta;hed a 63X 6 - 6/6 welded wire
fabric mesh as wall membrane reinforcement aq; 2 # 4 bars
as rib main reinforcement. Dimensions of panels and rein-

forcement details are shown in Fig. 2-1.

Q .

2.2 MATERIAL PROPERTIES

v

Tﬁe‘s%réngth of concrete used for panels was

tested by Taner (3) in 1975 on p"dia.cylinders at 90 days age..

It was assumed, based on the Code of Fractice of Reinforced
Concrete by the European Concrete Committee(7), that the - -

strength of concrete at time of testing panels, in September

/QJN1980, increased by approximately 12.5%. Both .90 days-

{

°

@ .
and present -test strengths of congrete\aré given in table 2.1.
q~ r

- - o e s e i W w4 w e
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° TABLE 2-1 CONCRETE STRENGTH OF PANELS
H ! y ! - ' 1
Sy .
Panel Strength at 90 days Estimated Str'e«ngth"atﬁa’
. :
No. fc , PSI . ) 'Tc'astlnq
) £f., PSI.
° . ¢ '
: c1 5382 5055
% r : !, »
c2 . 5382 6055 ' - |
:. ) . , » .
; : ' .
i \ C3 . 6446 ' 7252
i
4 ' The strength of steel reinforcement was . }
¢ . £, = 160.1 ksi for #3 bars and £ = 78.4 ksi £6r welded
i . . ) . )
{ wire fabric mesh. The stress-strain diagram ¥or steel
% reinforcement is shown in Fig.2-2.
£ ; .
i v
- ‘ - \ "‘ B
S ) i:\';)
: \
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nel - Dimensions

and Reinforcement Details
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\ The panels were tested in the vertical position
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CHAPTER III ! . . ;

.. EXPERIMENTAL PROCEDURE _
i

3.1 TEST SET-UP - ‘

A v ' ’

! ‘
in a steel frame as shown in Fig.3-1. The’ loading set-up

5

consisted of an overhead mounted hydraulic jack with loading

E cell*ana strain indicaéor, which were calibrated prior to. . .
testing. The panels were cleanéa and painted white beforel-
testing. A line grid was drawn on each of thé péﬁels-ﬁo

N facilitate observﬁﬁioneand loEation of cracks.  Some: ‘ |

shrinkage (or handling) cracks existéd on all panéis which
wére marked in'crgange’color on panels and reprodgced with
dotted lines in Fié%}‘4-l to 4-3. The panels.were placed in .

(1] '
masonite boards as .

wy

‘the testing frame with 6" X 44" X %

! bearing pads on tcp and bottom. Additionally, fresh mortar

was placed between the panel's surface

of approximately %
and'masonité boaxdi in order to obtain a uniform'loaa‘
transfer. A rigid steel beam was then placed at the top, ' N
B8 under the loading jack and loading ceil: Dial gages were . Ql

used to meaéure panél‘displacements. These were placed at

every intersection of grid lines enabling the plane.

deformation of the membrance-and of the entire structure

to be recorded Fig. 3~1. Additional dial gages w?re_used

. to determine the panel's shortening along its centerline. o -

e , o

¢ A

Lok
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%: - +3.2 TEST PROCEDURE "~ = ce *
N N 7 . L - . - N ‘ a .
. f A _The panels were tested as wall bearing elements. -
' . , .oy , ' . : .
§ e The loading was done incrementally. The initial load applied .
» 4 - * ' . o -
A L ' : . . LD . u
P e was 46 kips , followed by increments of 23 kips. Cracks
b . .'i Lt s .. . \ .
. . . . t . . ’ y
e e ’ . were observed and marked on the, K panels as they occurred at. .
LR ot b ' ' . . D
P~ ¥ ' . “
4., -4 44 every load increment; and were given a number besides, -
o . - = h , :
o . L . . . ‘ . 0%' . -
i + indicating the load magnitude at ich theyléfcurred. J
oo w0 b ‘ co
o e, T Loading 'was done in two- stages. In the first /ﬂ
~ ¥ ~ . L
N o o . . ‘ ur
A P stage, panels were loaded up to about one-half of ‘the,
AR S o @ ‘ ‘ L
. S _predicted failure load, and released afterwards. In the -
}" Sy \ second stage, the panels were loaded from zéro-loadﬂyp to ‘
- ’ failure. (A'minimum of six hours time.was given between the .
» : 8
L . L ‘ ’ .
Lk — two stages for panel's stress release and mgsifffpent of
v . 4 . 4 -
F ’ ’ : ) . o s
B ' ’ s s .
F o N remaln}ng plastic deformation.' . . ' «
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" CHAPTER IV )
~< &
PANEL BEHAVIOR UNDER THE LOADING

v

- '

N

’ In general, two types of cracks horizontal ,and
L Y ’

* vertical occurred during the loading. The occurrance of )

“

cracks was sequential. Horizontal cracks.occurred on the

2

vertical ribs between loads of 46-114 kips, and were followed L]

Y

* by vertical cracks on the wall membrane. The vertical cracks

" were predominant in.all panels. They were observed first on
horiiontal top and bottom ribs, and on riB faces away from

the bearing surface, at loads from 92 kips to 229 kips, and

4

in the wall membrane,ét 69 kips dpto failure. The vertical

cracks in the membrane usually ocdfrred suddenly, audibly

o

¢ and over an extensive length.
¥

The existing shrinkage,(or handling) cracks did

. . e .
not influence significantly the propagation of new cracks

. LS
under loading. It was also observed that existing horizontal

,. shrinkage cracks closed under increasing loading.

.Failure norpally occurred suddenly albn& the
horizontél or slightly inclined lines'ci@se to the junction
of the wall memkrane with the horizontal .ribs. Failure

' . . \d— + ) . N .
cracks in the final stage propagated along vertical ribs

. ' .
separating them from the slab membrane . The cracking

' patterns apd failure modes for all'panels are illustrated

AN

in Figs. 4-1, 4-2 and 4-3.

:
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CHAPTER V

ANALYSIS OF TEST RESULTS ‘
« B ' * \ :
\\'A 9 e b . - [

; 5.1 FAILURE LOADS, A

¥
Fallure loégé can be calculated according to the
ACI Buildlng Code (ACI 318-77)

v

(Gfi Equation 14.1 of’
Chapter 14 gives the Ultimate Bearing Capacity of a wall,
under axial loadlng, as .
P | ‘ ; B T ' i
P L - : .
. . Pu 015§ g fc _Ag [1 (40 h) 1. (5.1)

14

. ¥ ’ .
The above equation should be modified if it is
]

to take into acccunt the presence of steel reinforcement as
follows : <

: 4 » .. l 2 ' . ' ' )
- v - (_C - - - .
Py= 0.55 f £1°A [1-(gp) 1o [ 1+ (a-lp +@-l)p;]  (5.2)
B i ‘ﬂn ¢ 1]
Considering the nominal bearing capacitj as
?ﬁ = Py, equation (5.2) can be rewritten as
]
© ’ 1, 2 :
- ‘ 1 - -
‘Pu— 0.55 £ Ay [1- (40h ) ] ﬂ['l+(n Lp, + (m=1)p ] (5.3) .

For pénel Cl with fé

‘= 6055 psi,fthé nominal
failure load )

can be calculated using equation (5.3)

Qx‘g ;‘ b Wfi
Y, teTw ,14‘1

N R N L R s




-15-
> _ ,
. L as follows :
E 5 - 0.55 % 6.055 X 90.75 [1- (B Iri+6.54-1) 2203 4
\ u T ) ) 40X6 - 90.75
L . 9 '1 0. 44
. o+ T 558 - 1) X 50-75 ] = 275 Kips.
¢ C . ‘ . ',,\ )
‘ . , The corresponding failure load reccrded during .
. ‘test was . )
) ) '
: , . , F = 1238 kips. = 0.865 P
;i : ‘ : . . ’ ‘ u .
4 ‘ . ,
: g A comparison of failure loads so calculated, with
& N
f test results are shown in table 5.1 for ‘all panels tested.
P N , ‘ .
¢ .
: p
é TABLE 5.1 FAILURE LOADS AND NOMINAL BEARING CAPACITY By~EQ~Tl
e . ‘ “
(5.3)
5 Panel | Concrete Test failure Nominal ‘ . Capacity’
, No. 1 Strength Load F, kips. Bearing Reduction
s ‘ fé, psi .. Capacity Factor
. 5 . =-£
Y : v . P, Kips. =5
5. , . \ ) u
; cL . 6055 238 275 . 0.865 .
{ . i
X ' )
§ c2 6055 297 275 . 1.079
’. . . -
¥ c3 7252 275 B Y © 0.842
b : . j ,
i Y . |Average| 6454 270 292 0.929
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%' 5.2 -DEFORMATFON’OF PANELS
i hd | a . \ v “
i All panels showed a,éimilar mode'of‘defléctéon.
The horizontal displacement and deformation of center point
;i . of panels C2 and c3 (nodes C3) are illustraped(in Fig. 5.1.

R [
As deformatiahﬂ we call the measured relocation

. from original position, and as,displécement - the net value

‘. [

A

of deformation. As it can be seen from Fié. 5.1, the
} ! : maximum desplacement recorded forlcenter points (C3) was in

the range of 0.003" to 0.00375". A very, small plastic L

deformation after reloading *( =0.0002") .was recorded.

S

Overall deformation patterns indicate that there was no loss.
1 .

R R R

of stability of the membrane wall. Overall displaceﬁent and

-

deformation curves of the panels are'shown in Figs. 5.2 and

5.3,and table 5.2 illustrates the overall deformation at dial

gage positions.
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TABLE 5.2 OVERALL DEFORMATION AT DIAL GAGE POSITIONS

>
< _3 s'l
, - . Dial Panel Deformation (in X 10 °) = i
’ Gage No. - —
Position c1l c2 c3 |
i Ll +10 -81 -52
Left L2 -154 =75 " +14
P Stde i3 | 6 0 +24
L4 -53 +4 -9
c1 | -44 211 -9 _ L
Center Cc2 -228 -1 +57
‘ Line c3 143 +20 +7
c4 -169 +25 -99
"Rl =97 -88 -17 ‘ « P
Right R2 | =178 ~16 +3
Side R3 -78 +18 -32
R4 -4 +22 -51 !
4 .
, 5.3 'LOAD STRAIN RELATIONSHIP
' !
§ _ | .
¢ . The load strain relationship of panel centerlines
are illustrated in Fig.5.4. Curves (I) and (II) are for ' §
2 . i
first and second stages of loading respectively. It is '
? ' noticed from the above diagrams that panels showed elastic
? . behavior in the initial stage of loading (Curve I) up to
137 kips. This elastic behavior was also continued in the
second stage of loadiné up to about 252 kips (85%-90% of o
failure load values ) and then strain increased suddenly. ;
\ The sti’ain values recorded at failure were between 0.002{5 ‘.
to 0.0026 in/in which are in relatively good agreement wit
)
e e T TR 7 v —
T N S o 3 F
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.torsional nigidity is neglected because of symmetry of

; -18-
ACI limit sBrais ue ( e= 0.003)..

5 . .

5.4 STABILITY\OF PANEL AND MEMBRANE UNDER APPLIED LOAD

/Z;e ove;all stiffening effects of the panel was
provided by .perim r ribs. It can bte assumed that vertical
ribs act as lateral elastic supperts to the mémbrane, thus
the membrane deforms from wall plane together with thé ribs.
No displacemeht can occur at the top ang bottom because of
the horizontal ribs and fricticn between ribs and bearing
surface. ‘OveraIl stiffness of the system of membrane and

periméter ribs should be considered whilerevaluating the

" critical buckling strength of the panel.

N

Under the‘applied iocad both vérticalﬂribs can
deflect in the same direction or in opposite directions.
According to Timoshenko (8), ;% side‘ribs were assumed to
deflect in opposite directions, 5 transcendental equationl*
would bg obtained which would lead to critical strength
values highef than when ribs deflect in the same direction.
Thus_ it is advisable to analyse first the system where both °©

ribs deflect in same direction. If such a model shows that

the critical load is greater than the static carrying

-

capacity of panel, this means that buckling is not the

critical phenomenon and it would not be necessary to check

the transcendental equation. In the following analysis,

o

Lo
. -

s

o'




”, ' . ‘e

cross~section in both directions’ and because the panel is

pin supported at top and bottom which leads to lower cgitical

strength values. )

. The criticalobuckling strength of a plate stiffened
~with longitudinal edge ribs .(parallel to direction of loading),
0 . . and simply supported along top and bottom ehd edgés

(perpendicular to direction of applied load),'can be defined

i
3

'

!
A
I

following Timoshenko (8) by Cali¥ev's equation as,

]

g : ' °
f | 10 (v+ (1-vp]2¢tan & fve=e? 4 ,
e ‘ . ' . N . . l
i | 2 1 5 -
+ [f¥+e [Y-(1-v)9]7 tanh 3 [Yo-0° =20 © ye. (5.4) ‘ _
: ° e ’\r ( '
[ - : Where. ¢ =m'm2 ~N
)' ' Ql .
': y
’ v =b|t %r R | A ]
, D ! . < A ! )
; ToF : P . (5.5)
§ o 2B I A 2 |
; b Dy Pt 52 N . :
] \ . 55.:
E‘. v = Poisson's ration = % J - , (

For the calculation of stiffness prdperties a

P

transformed cross-section is considered recognizing the ratio

c

of modulus of elasticity of“steel to concrete. For the * . , .

vertical ribs the transformed¥@Foss Section is shown in
' ’ )

"Fig. 5.5.
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“» X,
- -20- : ’
N v . ’4 <
5 o A ' ’;
° [
( ,
L : b) rib transformed ,
. . ‘ ‘ cross—section
‘ ‘ ,.’ ' T // “ e ,“‘
" Fig. 5.5 - Vertical Rib !
| ' .
Th‘elu_nod‘ulus of elasticity.of steel is ' ' - L .
\ES = 20.32 x'103 ( from fig. 2.2 ) °_
! o a . ' N
The modulus of elasticity of concrete according to ’ .
S ¢
(ACI-318-77) (6) is ' -
n
g = 33 wldyE o (5.6)
c N\ c o
For panel.Cl, ; , ] . : :
E. =" 4.484 X 107 ksi . Lo o
' ) i ’ I\ ) co '
.= 5 =6.54 B A
(A)y = '0.11 in® per each reinforcing.bar '
n(A ), = 6.54 X, 0.1L. = 0.72 in® |
s'b , . . 3
~‘Wi‘c'l h of transformed section of each steel bar ' ,
| e 0.7 ﬂ b T \
w : = = : " . ' ' -
_‘ 0.375 ]\"92 A .
\\\;/g | ' .
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The moment of Inertia of the transformed section' is
5 _ . 4 L |
. It = 52.0 in - - N
\ 3 N . N .
* The flexural rigidity of the menbrane plgteqper unit
.width is D _=‘J E X t3 ’ T T (5.7)
‘ 12 (1-v?) ‘
. ' . ’ . ‘ e
' The f;exural rigidity of the transformed membrane
section is O - e )
‘ Dt =- Ec A c'It)m (5.8)
(1-v?) / .
o
B PR — IR
- g a o0
) p—— 6"——-——,1 _J[ . .
] $

W.WF. 6x6 6/6 s o 0
a) Membrane Cross=-section " .b) Membrane transformed

; cross-section

! -

Fig. 5.6 Membrane Unit Width

Yy . 2

j (As)m 0.058 in“/ft.
S~ 2 "\
n(As)m 6.54 X 0.058 = 0.38 in /ft. _‘ '

. 'Width of transformed section of each mesh wire

* = 0-38/; < g.99
S . 0.192
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1

The moment of Inertia of transformed section of the '

3.376 44, equation

membrane having 1" width = (I.) =

i' N , t'm - 12
' (5.8) then gives : . o { : .
“.h o =L = 0.28940 E = 1297.5415 K-in?
12 c -

The term 'E 4

et o . = 4.72887 - : B
T ﬁ 0.28940 E_
- " ang A - 20(2.5+3) X 2.25/2-0.11+0.72]+3x1.5 = 18.095
bt o 38 X 1.5 ' . 57
K l - .
= 0.31746 R {
< ? 8 ' / v '

From equation (§.5) : The following is obtained :

. ) ' @
- l ?

A HR S T T L

: o ) .
!, S ‘ . 1297.5415
’h . ’ e -/“ .\ . . .
H 8 = 4.,72887-0.256160C e ' *
; . cr L .
£ N S T
i > " where 0 _ is the critical |stress in (Ksi).
: ' cr o N
%\ ) By substituting the above alues in equation (5.4) The
following ishobtained; . .
g o e C ([¢4.29202 #3;} - 1.&?832][1.29202 /EE" + (1-—) (1 43932)]2
) xltan 5 A.29202 Yooy (1.43832) - (1.43832) i u
2 N ’
: . +I[//ﬁ29202 Yo + 1 43832][1 29202 YOop - (1-10(].43832)] . .
x[tanh { ﬁ—zgzoa G (1.43832). + (1. 43832) 2N
= {2(. 438&2 x 1.29202 /5 (4 ;72887 - Q. %56]5 o )}'"
Uw
SR T L ey . R
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\ )

By trial and eérror method, the Solution to the above equation
yields ; » . .
’ Al

vt o TP

« I ) \ o = 7.515 Ksi
. cr :

v

. ’ & ,
.o The transformed Cross-sectional area,of the panel

v
* ¢ .

]

! 'At
A = 94.32 in®

'2(l§.095) + (38%1.5) - 7(0.029)’+ 7(0.38/2) ‘ -

Hence the critical load for buckling failure of the,paﬁel is:
. ™ - —

» P‘ = - = i
or” %or X At 7.515 X 94.32 708.8 kips.,

0y

The above critical buckling load is much higher than

the failure lcad recorded. Hence there is no need to

consider the transcendental edqntion in evadluating the

E}itical“buckling strength of the pamel, nor to go into a

more exact analys$is recognizing influence of other contri-

W R RIS A T TR T R ST €N b e s o

buting parameters mentioned earlier. For panel C2, the,

critical Buckling stress would be the same as’ for panel .

However, the critical stress for panel C3 is higher becaus . !

PR SRl S

of higher concrete compressive-strength; . !

' v
‘ ] . . .

T e
<




B ‘uum e vﬁ%ﬁfﬁﬂﬂﬁﬂ«&&cﬁmﬂ, LRE et o ool aadet LT Sk 2ans e

Vo , "~ %3-5300N 40
NOILYWY043Q B INIWIIV1dSIA TYINOZIYOH 'S "bLd

-l o

>7 \ . : : 1 ’

(ut)v 200'+ 100°'+ O L0D'~ 200'- €00°- (ut)v mmm.+ “100'+ O LoD~ 200"~ €00'- .

ﬁ‘_m.s_wuw—am.po e \

24
.
-

i MJ " UOLJRUMO4D( 1= -— - /

- ; N DU P N /

> ‘*‘-‘IP‘“

A -
- ‘ . - | ’ :
} . : Y P , : :
/ A |- -sdpy 62 =4 - - 3

AL Ly a ==l ' G
. i - . " . 3%
Ao+ o 1 - , N

N d N E sdly §/2 = 4
‘ £J laukd . _

t

i .
AT
Tl

{

PR 'J‘(‘sif’:i

.
\
o
R EAn

g

v

T
2T

. "'r‘

J . .\ -

- \\ -

-
»
o
—
“




" ~25-°

5

FAIL = 238 Kips.
CURVES @ 229 Kips.

(]

A\

(+10)

e
-

. N, 4%%

, AWy

h—

"Ill!||

g
..f

Q-2

2

.///,

A

sy

/) ﬂ/x
AN 4./# N

—~—

‘/4.?/@

/).

/

+(-228)

/)

VA
:%

(—169

R \’,'"%"’“"7Illl.‘l.”"db"'ﬂ'l.’

)

~44

Fig. 5.2 _OVERALL DISPLACEMENT AND DEFORMATION OF PANEL C1 .
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© 2. ' Strength of panels was not influenced by overall

_ﬁg-

* CQNCLUSIG

Test results and analysis of thin-wall &anels

discussed 'in this report lead to the following conclusions.

1. Panels tested showed %igher strengths than the predicted
values according to the present ACI practice for wall

design (ACI 381~77). However the validity of this

o

conclwsion should -not be generalized until more tests

are carried oyt.

stiffness and buckling phenomena : such panels having

~the foliowing dimenéioqal relationships : ig < 15;

30/ h
< T <4

Timoshenko and showed values higher than failure

Buckling was evaluated according to

k)

loads recorded.

3. - Under load, panels showed differen& modes of'deformatioqs.
In some panels the ribs and membrane deflected in the
same direction and the ot‘ers showed deflections in
opposite directions., The maximum recorded deformation
was 1 X ic. Memberane plate showed almost no loss of
stability under loading ( = 0,00375").

s

4. No significant discrepancy was recorded with load-strain

Felation under loading. Measured strain carried almost

up to failure tim; was approximately 0.0026 in/in which

[ - . B
. )
oL ., . BE
‘ - : s \
T
f
f
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* a

is less than limit strain of 0.003 used by ACI for

ultimate design of flexural members. Panels pehavé&

elésticly-up to 85% of

failure load values and then the

strain increased suddenly.

€

All panels showed almos

load. Vertical cracks

t the same cracking pattern under

along compression direction

started to ocour at loads close to 137 kips.

]

Failure of panels in all cases occurred near the junction

al¥ong ¢he same line perpendicular to load direction..

The failure cracks of.panels propagated along vertical

ribs separating them from the memkrane plate,

" Further research should

be carriéd out on thin-wall panels

having variable dimensions and strength to determine the

critical parameters whic
/
i

strength. k *

A

h will induce critical buckling

N
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Figure A2
Panel In Testing Frame
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