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ABSTRACT - Yy
" Tests and Strength Evaluation of Composite - °

: _ FibreReinforced Panels T

°

’ - 4 r

: ‘ M. A. Rohadi

\

Tests and evaluatlons of the flexural strength and comprcssxvc bearing capacity of
new compostte panels designed for claddmg walls and for the consfruction of tcrraccs arc
- presented in this thesis. These new composite panels are the product of lamxnauon of

marble conglomerate or solid granite and asbestos - cement dcnsxtc Asbestos - cement .

° o

serves as the main reinforcing material. . . . ' '

Full scale composite panels were tested as simply supported beams and slabs, and ',

as bééoing walls subjected to axial compression. Additional tests were performed for .

mcking and impact loads. . ' o

LN
-

The anaiysis method for evaluating the flexural capacity of .theso composite pancls
was devcloped based on the non - linear stress distribo‘tion at éracfc—ing. 'Céléulatcd results '
- were then compared with tqs;t yal‘ucs. ‘The applica;ijon of the modified empirical ACI
formula (section 14.2.3 of ACI ’.}18; 83) for concrete wq]ls was verified for walls made of

" these new panels.

\
Il
»
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4, - the composite stone panels are durable and mézihtcnancc free.*

1.1 General

- VAR ' XY
o . ' (

°

Stone products are used mainly for archltcctural cladding and pavmg (granite,

marble and trave,mne) Howcver, regular s—tonc products are gcncrally too heavy, brittle

and expensxve Duc to these drawbacks, architects/designers hesitate to use natural stone

£
products as the main components for establishing the mtended aesthetic appcarancc of a

building. . ‘/. S .

[y LY

Natural stonc products which are-commonly used in bunldmg construcuon have
certain setbacks whxch can be summarized as follows: " ' ‘
I. . the convcntlonal natural stone products are gene}ally heavy and require delicate:
handlmg In addmon, they can only be’ delivered in small segments; and
2. connection details are difficult to standardize due to varying structural condmons
as this will recult in high cost pf erection, and ,thcrcforc be unecpnomical.

-

Inan attempt to overcome the abovc disadvantages, Atlas Tumer Inc. and Bumaco

: Inc both of Montreal, introduced a new lammatcd composite stone pancl This new

product isa sandwmh ‘of a thin stone slab and asbestos - cement which has scvcra] distinct -

advantages including: - "

[

1. - the a;'chitects/dcsigncm can use natural stone products as large size uancls for wall

’claddiri‘gs and pavings, floors"and plaza surfacing due to the increased flexural

strcngths; .

2. . the composxtc stong pancls are good for .energy conservation; 5

~

3.7 thc cost savings on mstallauon and transportation can bc dchieved due to thc large

size and smaller thicknesses of the composite panels; and *

FS

z

.
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The development of the Bumaco composite panels wis undertakenvbased onh the
- strength advantages of asbestos - ccman The mam purpose of this rescarch program is to

ldeﬁne the strength properties of the Bumaco composi panels and to provide the required’ -

1,

dcs_xgn guidclmes. The research program is based on ‘ th an expgnmcntal and theoretical
. . * . . . - N B i
investigation. o . s

N
[

~ The cxpcnmcntal program mcludcs full scale tests on composxtc paniels madc"of marhle
“and granite to dcﬁnc strength in servxce condition,. and small - scale sp.mples to define the
strength cha:;actcrisncs of composite materials. The test results are ‘meant to provide for a
Basis for verification of the analytiéal techniques. . )
. The theoretical study program is directed towards the developmcnt of dcslgn formulac and .
recommendations for apphcanons for composne panels whlch may be subjected to’ ﬂexural'

and compressive loadings. L . L e




CHAPTER 1
DESCRIPTION OF. BUMACO SYSTEM

- Veneer panels’are the pfbduét of lantination of two materials, namely a stone slab -
of solid gr;mite or marble or marble conglonllératc and hsbcstoé ‘ccmcnt (dcnisi'tc) Thc
facmg matenal (1/2" stonc slab} and a 3/8" dens1tc shect are glued togcthcr under pressure

with cpoxy resin produced by the Slka Corporatxon\

-
13

-

Two marble qonglomcratcé, onc made of a cia:k green ma{!)lq named 'Verde
'Polcevera’ (&cs,ignatcd as Type I marble) .a;)d the oihcr of a \:vhitc~marblc (designated as
. type II marble), ;vere tested. - Thcfse' marb,le.tgl(pcs were prodl;ccd as a conglomerate of
‘marble aggmgéw. and a special synthetic resins by Adige Marmoresina of Italy.

T~ L ! , ]
: ~

- . / ) < » M .
—~— . ‘e » . . "
Bumaco 'veneer panels ‘m\g h_%vc various applications in the construction of ' a
building, which include: ~ -
: N

"

. 1_.x ~ Veneer pzinels for lqbby wal}s in old or new construction. 'Thcy can be {ﬁsmlicd
. directly to stud walls rcf:iacing gypsum boards \;'hich have bcen used &aditiBnally-.
‘ B If walls of brick, block or concrete are .cxistin'g, veneer panels can be faEstgncd by
drilling through the face of the pam?l and installing thrcad;d mason:y: ;scrcws of -

-high s;rcng}h alloy steel. S;:rcw_hcads can then bé‘cqﬁccaled with the use of

coloui'ed epoxy ta match the veneer (sc'c Figure 2.1). .

2. Vcneer panels 'hay be used as one. of the comi:onents for the™'s" panels shown in
Flgure 2 2. The "s" panel i;s fabricated by coating the apex-of each corrugatién on -

the asbcsto's - cement (densite) core with a gel type epoxy. A 3/8" flat asbestos -

c;emcnt' sheet (densite) is then placed on top of the epoxlzed core and the two sheets

aré rchtcd together. The pa;ml is then reversed and the process is repeated to

’ "1



complete the base panel. The preassembled panel is then brought to a laminating

station where the epoxy and finish facing«(marblé or other stones) are applied and

.design. The 's" par’cl cores ’a €n be mjccted with polyurcthane foam
insulation (approximate "R" value of 15) Vanous anchor assembhes may be
adapted to suit suspension systems. g oA

2.2 Bumaco Granite Pavers
Granite pavcrs are the product of lanunauon of sohd granite slabs and two layers

of asbestos - ccmcnt densite sheets. Thc 3/8" dcnsnc shccts are glued together with epoxy

resins with their fibre directions oncmed perpendicular to each other. This combined sheet
wand l“ granite slab are then laminated under pressure with the sanlr; epoxy rcsm The'

tcst‘cd pavers were produced using grey granite from St. Gerard, Quebcc.

~ The granite pévcrs are used mainly as an architectural ¢over for the construction of
terraces and plazas which are supported at four corners. The laminated pauéls may be uscc} i
as squaru slabs or modified to special shapes and geometric patterns which will suit/th/q

7

/

J N
.

, . span length between supports.

23 Material Properties |
" The mechanical propcru'cs of asbestos - cement-sheet (cicnsitc), granite and marble

"are given in Table 2.1 in accordance with the specifications of Atlas Tumier and Bumaco.

%

- The stress-strain curve for ésbcstos - cement 'densite’ was obtained from the
direct tensile test done by Perinayegon [7)y and which'is shown in Figure 2.3. The
modulus of elasticity of 'densite’ was also found to be E =-1.75 x 108 psi and the ultimate

direct tensile strength 1900 psi. Samples were tested with their fibre orientation being



// s
parallel to the tension direction ‘ . . (
/
. . Asbestos-cement | Granite - Marble
Material Properties ‘(densite) (Vert St-Gerard) | (verde polcevera)
Modulusof | &% | 4500 o 1. -
Rupture (IOeTS - Co-
2442 2045
L Across . " . : :
(Ib./sq. in) fibers . 3700
Uniaxial Along : o
tensile fibers 2220 - -
Strength 1395 - 1160
Across .
(b./sq.in) .| fibers . 1450 - 1. ;
Compressive strength . 1
" (IbJsq. in) 12500 . 22915 . 16795
Table 2.1: Mechanical prqpcrtics of materials used for producing Bumaco composite’’
; , panels as specified by Atlas Turner Inc. and Bumaco.
Notes; <" modulus of rupture, flexural strength and c0mpre§sivc strength of natural

building stone were obtained based on ASTM Spcciﬁcatioris number
C99, C880 and C170 respectively; and .~ -
mechanical properties of asbestds - cement densite were defined accdrding

to the ASTM specifications number C220 - 75.

- thc umaxlal tensﬂc strength of marblc conglomcratc was defined by

dmdmg thc modulus of rupturc (obtamed in accordancc to ASTM
Standard C99) by a factor of 1.75." The factor of 1. 75 is used based on

literatures o, 1], | o 3
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Stress (psi)

7
\ ' L l‘l“ .
- .- :
, L
2000 - - 13.788
| . Q \\ -
4 . /r’ ;
1600 1[ /‘// ' 11030
| 1o / 3 oyx
e 1 2
B "‘/. a AN !
: . '
5 " [ ]
| an .k
800 — B — 5.515 ¢
g 4 1 € = 175 x 105psi.
400 —— - ~42.758
/ : , O’Luu=|900'pSI.
. o M : - 0.000 .
. 4.0 . 8.0 12.0 . 160 200 - -
. S
' :Sfr'oin(xIO'4) m/in
Figure 2.3 Stx"ess-s‘train curve for asbestos-cement in ténsion'along the fibres “
’ » .
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» following sections.

3.2 TestSpecimens

| CHAPTER Il
. EXPERIMENTAL PROGRAM AND RESULTS -,

\ ’

"Testing of full - scale Bumaco laminated panels i is of major interest to the present

study arising from the fact that full - scaJc testing is thc most rehablc means of obtammg

,rcal pcrformancc data by which the 1mportancc of the dxffcrcnt analyncal tzchmqucs can bc

5

. Judgcd ' : - W

. . " . /
: f
Standard ASTM tcst ;nethods [1, 2 3] were used in this study whencvcr they/(

/

were apphcable Proccdurcs and rcsults of each of the tests performcd are descnbed in the

A tofal of five veneer pancls of 23" x 114" x 7/8" size wcrc uscd for flcxural tests.
Two of the above panels were composed of the dark green 'Verde polceverd' marble
conglomcratc and tHrce of the whxte 'Carrare veine ¢' marble conglomeratc Additional
tcsts were pcrformcd on three 37" x 39" x 2" granite paver spcmmcns Detan]ed
descnpnons of these test series are ngcn in Tablcs 3.1and 3.2 reSpectJver

To determine the compressive strength of veneer panels, two 23" x ’ll'4" x 718"
veneer specimens conta.i;ling white ‘carrare vciné ¢ rﬁa‘rblc were tested‘. Racking as well
as irhpact loadiﬁg tests were pcrfoméd on the veneer specimens. Tﬁg dcfail'ed dimensions

are shown in Table 3.3.

)
.




331 Testing Procedures e I

T,

Flcxurzh tests on veneer panels consisted of-two phascs The" first phascnwas to

test veneer panels as a sunply supported beam under a uniformly distributed load and with

densxte sheet located at the bottom (tension) face (test series BMCI BMC2/'I'PI and
BMC1.BMC /TPII} ganel was rested on roller supports consnstmg of 1/4" stccl plates_’
and steel pipes of ¥y dlamctcr The testing arrangements are shown in Fxgures 3land,

3.2. Once the pancl was mstalled and ready for tcstmg, dial gauges were placed and |

adjusted. A uniforml§ distributed load was gradually applied by means of 10 1b sand bags

14
placed on top of the pancl in a prescribed order. The deflection and load readmgs were

taken-in mcrements of 50 Ibs. The panel was allowcd to stablhzc for 2- mmutcs beforc any .

readings were recorded. This loading was continued unul the ultimate capacxty was

reached. At faxlure, crack patterns as well as failure load were marked on the pancl and

photographs were taken. € ﬁ

The second phase involved the testing of cut-out portions of veneer panels used in ‘

the first phase. These portions were cut from areas where the material was .not under

maximum stress cluring fusf phase testing nor injured. Their span lcngthv varied from 38
: incﬁes to 57 inches. The same roller supports were used as in the {mt phasé, but'with
different loading arrangements. In test s'cri'es BMCN1-BMCN3 and BMCR]-BMCR3 of
" both types I and II marble respectively, loads were applied at a distanc§ of 0.25L from
both supports by means of cross beams attached to twb hydraulic jacks, éqd_ with load
increments of 47.5 lbs. In the second set-up t::st series BMSN l-ﬁMSNS and BMSRI of

type II marble, loads were applied- at midspan through a sin gle cross beam connccmd to a

hydraulic’jack at the center. Deflection and load readings were l?(cn atan mcrcmcnt of

47.5 Ibs. In both cases, samplcs‘ were tested with densite shpcts‘Tocatcd at the top surface
of the panel (BMCR and BMSR serics) and bottom surface (BMCN and BMCR series).

Both loading arrangements are shown in Figures 3.3 and 3.4 respectively.

“‘
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) Granite paver specimens were aﬁswd as two way four point loaded slabs, placed
on four corners on supporting pads with densite sheet on the bottom tension side (test |

series l~GP1 and 1-GP3). Each suppomng pad was made of two 4" x 4" x 3/4"

: ‘neoprcne. The loads were applied by means of two cross beams attached to a main loading

bearn which in turri was connected to a single hydraulic jack at the center (Figure 3.5).

This loading arrangement was intended to simulate a uniform load. Dial gauges were used

: , 'l » :
to measure deflections. Deflection readings were recorded at a load increment of 2,375

)

Ibs. "Failure modes and crack patterns were noted and photographed. ‘
» ' '(‘ ’ > R
33.2 Test Resulis' '
“For the test series BMC1-BMC2 of type I marble and BMC1-BMCS3 of type Il

marble, all the specimens failed suddenly (broke into two picc/es) when a tension crack

. appcared»in the vicinity ‘of the midspan (se¢ Figures 3.6 and 3.7).. It was also bbservéd

that veneer panels Tost their flexural resistance as soon as the asbestos—cement sheet

ruptured. However, no crushing of marble stone was found at the compressmn zone. Thc '

" ultimate loads for panels BMC1 and BMC2 type I were 300 Ibs and 3201bs respecuvely,

whllc panels BMC1-BMC3 type 11 failed under the loads of 520 lbs 450 lbs and 390 1bs
rcspecm'lcly Corresponding equivalent umform]y dlstnbutcd loads were calculated as

) shown in Table 3.4. The load deflection curves for thesc test series ar_g shown in Figures

3.8 and 39.

In test series BMCN1-BMCN3 of type I marble, the three specimens failed by a

sudden tension crack in the area between the two loadillg beams (Figure 3.10). The same

 failure nlodc was observed in test seies BMCR1-BMCR3 of type I and typc Il marble

' (Flgures 311 and3 12), but, thc failure loads were much lower than the ones obtained in

test seriecs BMCN. Th1s provcd that asbestos - cement mcreased the flexural strength of

L4

ordmary marbie stone panels. A summary of cxpc:nmcntal results was-shown in Tables ‘

35and 3.6 load dcﬂechon curves for the pancls were shown in Figures 3.13 and 3.14.
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y ; :
All panels in tcst series BMSN 1-BMSN3 and I;hSR 1-BMSR3 of type 11 marble

falled directly under the point of load applxcatxon by tearing"apart in the tension zone. It
was again noticed that failure loads obtained from test series BMSR were much lower than

results obtained from BMSN. Test results were summarized-in Tables 3.7 and 3.8 while

o

\ s
Figures 3.15and 3.16 show the load deflection curves of the tested panels..

<
-

; L3

-Test results-on granite pavers are illustrated in Ifigurcs 3.17 and 3.18. Failurgdue

to a sudden tension crack in the region between the two cross-beams was observed in all

granite paver specimens (see Figure 3.17) €xcept for spé;:imcn ‘l -GP3 where cracks were

radiated from P1 to L2 and to the adjacent edges (Figure 3.18). The test results are giveri

in Table 3.9. . ~ ?

Additional tests were perfor'med"on broken pieces saved from test series 1-GP. In
these tcsts‘, samples were tested as one way beams, and placc'g on rolling supports, with
granite on the bottom tension side. Two loads were applied By means of two cross-beams
and main beam which was attached to the Tinus-Olsen oloadihg machine as shown in Figurc

3.19. Al speclmens failed when crack appeared betwoen the two 1oadmg beams. Test

sults are shown in Table 3’10 - g

3.4
3.4.1°

+ Compression tests were performed on two veneer panels (BMW 1 an&.BMWZ of

.type II marble) in a spécial frame shown in Figure 3.20. The set-up consisted of an

overhe-ad mounted hydraulic jatk cc;qncctcd to arigid steel beam. Panels were braccd: at
‘front and back faces b& 2" x 4" pieces of wood. Bracing locations u_l-erc shown in Figire
3.ﬁ0. Dial gages were used to measure panel displaccm_ents and were placed near the
" bracing woods and at the center line bctw'ccn tw.o braces (Figure 3.20). Loads were then

exérted gradually in equal increml:nts of 1,180 1bs until the ultjmaté capacity was reached.

K
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All panels showed a similar mode of l_icha'viour. Failure occurred suddenly in the
region between two braces The average failure load of the two panels tested was 20 58
kips. The cxpenméntakresults were tabulated? Table 3.11. The horizontal dlsplacement
of center points of pangls BMW1 and BMW2 (nodcs CT andCB) are illustrated in Flgurc

i
3.21. ‘The mode of displacement, prior to failure, is shown in Figure 3.22.

~ 1

L 3.5  Racking Tests on Veneer Panels ™ .
3.5.1 Yesting Procedures - ;
The apparatus for the simulated racking tests were assemblcd as'shown in Figure

3.23 and 3. 24 The tcst«pancl was posmoned in such a way that, its diagonal ‘was

-

perpendicular to the base of the testmg machme In the“case of test panel BMR2, wood
bracings were provided at a'dis,tanl‘xe of 30.5 incho rom the. base (Figure 3.24). Load
- w_ Was applied to the specimen‘ through steel saddles whi%h were specially,dcsi.gncd to
o - accomodate the test oanel. The steel saddles were securely bolted to th'e‘base and top of thc'.
. testing ;néchine. Electric strain gauges (type EA-06-20 CBW-120, manufactured by Micro
.-,Mcasuqrcment)' were provided at the locations, as shown in Figuf 3.23-and 3.24, to
measure the compressive st.rains along the diagonal and the tensile strains across the
. §\ diagona}. The 1oac§ was applied contjnupuslj' th?o‘ughouf test at a uniform rate until failure.
o Displacement r?dings were rcc’orfled at load incrc.xpenfs of 1,009 1bs. The behavior of the .
p‘gnél during the test and at failure was carefully observed. Any visible- faillre from .

\ loading w:;s marked and photographed. | o '
[« - P o .

>/ 352 TestResuls . | ‘

' For the unbraced vcneer specimens, failure was caused’ by buckling across the
- vertical diagonal 4s shown in Figure 3.25. The maximum load at which buckling occurred

. was 1 9'.973.kips. For braced veneer specimens, failure was caused by splitting along the .

j.cj;cal‘ diagonal as shown in- Figire 3.26. The ma_z(irrium load at which splitting took .

f o
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place was 49.4 kips. '

3.6 Impact Tests on Veneer Panels . | .
36.1 Icsnnzfmcdum SR S
, Standard ASTM test methods [2, 3] are employed in rmpact tests. The purpose of

this test was to provrde data that can be used to evaluate the relative perforrnance of wall

and floor constructions under condmons representanve of those sustained in actual servrcc fodl

-

when subjected to xmpact bya heav(blunt object.’
The specirnen was 'tested as shownh in Figure 3-27 as a sirrrple beam on‘a span of
48 inches. The two roller’ supports were desrgned to prevent longttudmal restramt and
\ provrde bearmg for the. entire width or the spec:men The ends of the panel were secured
by hold- downs to minimize specrmen bounce Special care was taken to assure that the
hold downs did not affect deflection of the‘spemmena An 1mpact load was then applied to
*the upper face of the specrmen by dropping the. 50 Ib sand bag beginning with a height of 6 ]
inches (:15 2 rnm) a'nd increas‘ing the'height by 6 inch ;ncrements. _Instantaneous deﬂection
measurements were recorded for each drop by rneans of two displacemen't transducers
attached to the mrdspan edges of the pancl For the frrst drop, the height of the bag was®
. measured from the upper face of the specimen at a pomt dtrectly beneath the bag, and for
subseqﬁent drops, from a taut cord in contact wrth the upper face vertrcally above the’ i
supports The impact test was contin ued unul the specrmen could no longer support the 50

poundload RN T

.S [ L ' R . . s LY

[

! .

3.62 TesReslts . . - 0 e e T
The récorded maxlmum drop herght at Wthh the veneer{#pecrmens brokc in half

-

\ was 66 inches. No mgmfxcant damage pnor to thrs maxrmum drop herght w.as observcd

°

‘on the specimen. Instantancous deﬂectrons were. p]otted agamst thé drop herw is « -

®
- * . i " ~
«f "

. shown in Frgure 3.28.

ol
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Figure 3.8  Load-deflection curves for BMC type I panels '~
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Figure 3.9 Load-deﬂccnon curves for BMC typc 1 panels
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»

»
\’ Instantaneous Deflection (mm) .
: SQO' 2.54L 5.08 7.62 10.18 _L4°6'74' :
Note: impact test was performed-
- “ on simply supported span
250 _ of 48 "and 50Ib bag
! ' © Recorded values
‘.’ i . . X
2.
(] -
ID ’ ~
X200 — — € —271.16" " .
£
2 / .
© .
x ‘ _
- .
n 150, ~ ' - 203.37
N ? . )
] A -
) ,%
£ 1 z
B - ey
o , o
a 100 : 13558 §
E d I 2 ‘' E
/V
50 : 67.79
b g
o L—1"] 1 , 0.00
0.0 0.1 0.2 0.3 0.4
‘ instantaneous Deflection (inches) o
. Figure 3.28 Drop—hpiéht vs. deflection curve for veneer specimen under
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TEST

" |SERIES

SAMPLE
NO.

- L
(in)

SCHEMATIC DIAGRAM

BMCI/TPI

na

BMC2/TPI

na

-|BMCI/TPT -

na

BMC2/TPI

na .

BMC3/TPIL

N

.| BMCNI/TPL: |

57

BMCN2/TP1

57

BMCN3/TPI

48

B3

8MC§I/T PI

418

BMCR2/TPL

40

BMCR3/TPL

38.

|BMcRI/TPE

48

BMCR2/TPI

18

'|BMCR3/TPIE

48

84

BMSNI/ TP

48

BMSN2/TPIL

|BMsN3/TPL'

48 .

BMSRI/TPIL

48

|emsre/TPm

48

BMSR3/TPII

48

23

Table 3.1 Detailed descriptions of test series Bl - BS forvmcéim
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A ~
|TEST ISAMPLE | 'L | W | f | f2 | 13 | cEMATIC DIAGRAM
SERIES | NO.: (in) | (in) | (in) | (in) | (in) . )
I-6p1 | 33 |33 |10 |0.375
6 | rep2 [33-{33 |10 |0378
11-6p3 | 33.]33 | L0 |0.375
2-6PRI | 33 |2375] 10 |0:375 0375
| 62 |2-6PR2 | 33 [4503 | 10 [0.375(0.375
2-GPR3 | 33—[3.44| 1.0 [0.375 0375

Table 3.2 Detailed dcséfiptions of test sériés Gl for granite pavers -

. /' ,
TEST |SAMPLE | L Wt to ‘
| SCHEMATIC DIAGRAM
SERIES | NO. (in) | in) |(in) |(in) . EMATIC. D
BMWI/TPI|119.5 | 23 |0.375/0.500
B6 . -
. |BMw2/TPH|{ 119.5 | 23 |0.375|0500
“ |BMRI/TPI | 60.0 | 48.0 {0.375 [0.500
B7
BMR2/TPII | 48.0 | 36.0 |0.375 |0.500
o ~
B8 |BMI/TPH |0.375{0.500] -

-, Table3.3 Detailed descriptions of veneer panels used in compressive,
racking and impact test

~

\
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, TOTAL | EQUIVALENT ULTI- | . . :
SAMRLE | FAILURE | MATE UNIFORM 1 - SCHEMATIC DIAGRAM _
NO. LOAD LOAD C C ,'
C S | Lkips) {Ibs/sq.ft) v

T ; - N F .
BMCI/TPT | 0.482 . 265 -
BMC2/TP1 | 0.502, 276
BMCI/TPIL | 0.632 34.7 ..
BMC2/TPII"| 0.572 31.4

‘|sMc3/TPI | 0:702 ' 386

Y

" Table3.4 Results for fest séries BMC R

s ?

'_‘SA";APLE SPAN [TOTAL - [EQUIVALENT ULTI-. o )

'SAMPLE _ |FAILURE| MATE ~ UNIFORM |

No. . |tENG= (oKD - |LOAD ‘ SCHEMATIC DIAGRAM’, _
(in) (kips) _(1bs/sq. ft ' :

BMCNI/TPL| 57 | 1056 115.99

BMCN2/TPI|'57 | 1.010 | 110.94 °°

BMCN3/TPI |48 | li8e |  154.70.

Table 3.5 Results for test sen‘és‘BMCN T
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L X - 7 : N T g -
oo Span - |Total Equivalent Ultimate. ‘ ‘.
Sample Al ' - .
o P . |Longtn roilure [ Umor Load - SCHEMATIC DIAGRAM
© |BMCRYTPI | 48 |0.470 | 222 - .
BMCR2/TPI-| 40 | 0.290 45.4
‘leMCR3/TPI |38 | 0340 |  s6.0
" |eMcRI/TPIL| 48 | 0.275 " 35.8
".|eMCR2/TPI| 48 |0.289 377 e
i - ‘. : \ - . .
© |BMCR3/TPL | 48 _ |0.289 |. 377 S

Table 3.6 Résn_flts for test series BMCR

‘ Span  {Totc uivalent Uifimate -

Sample © |5P" I_ott:l ""Sq' o e : ﬂr

. |Length) Fatlup_ UM 0a SCHEMATIC DIAGRAM

No. .y "|Load P : '
. (in) | (kips) | (Ibs/sq.ft)

BMSNI/TPI{ 48 .0.997 " .260.!

|BMSN2/TPI| 48 |.922 240.5
‘ BMSN3/TPI| 48 (0.925| 2413

" Table 3.7 Results for test series BMSN

'
)




q:w .

Somple ' ' |Span Total |Equivalent Ultimate ' : s
RAmPIe L natn F9ilUre, Unitorm Load SCHEMATIC DIAGRAM
No. NG Load P ~
. (in) | (kips) (Ibs/sq.1)., )
|BMSRI/TPT| 48 [0.275 | 7.7
' |BMSR2/TPL| 48 |(0.265 | * 69.l
* |BMSR3/TPI| 48 |0.270 70.4

-

Table 3.8 Results for test series BMSR |

-

N
| somple Span (Total |Equivalent Ultimate S
- ¢, |LengthFailure |Uniform Load SCHEMATIC DIAGRAM
. NO. .A‘ Lood v . . y .

(in) | (kips) Ibs/sq.ft

I- GPI 33 17,93 | 23 ’

1-6P2 | 33 14.012| 1853 ',

1-GP3 | 33 {16.957 2242

Table 3.9 Results for tesgseries GP

+




8 . .

} : (g
N n‘.' -
» K

sqmpfg Span - Avémée_F.oiiure Equ'vqlem Ultimo- °
INo:  |Length|width [Load |t Uniform Load | SCHEMATIC DIAGRAM

(in) | (in) | (kips) |  (ibs/sqft)
2-GPRI| 33 | 23.750|3.750 | 689"

- o z-epgg 33 | 15125 (2627 | 652

2-GPR3 | 33 | 13.437 |2027 | 658

Table 3.10- Results for test series GPR

! S v
4 -
Sample | Critical |Failure . : e i | .
. INo. Height |Load - SCHEMATIC DIAGRAM  ~ 1’
_{in) " (kips) | S ‘
‘;.BMWI/TPni .52 18.658 .8
) - ) ¥ .
BMwertPr 52| 22515
i * r“*
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CHAPTER v
} STREN GTH EVALUATION AND PROPOSED DESIGN PROCEDURE FOR
> .
COMPOSITE FIBRE REINFORCED PANELS

“asbestos - ccment beams is based on an assumpuon that the conccntratcd compressive

+

force acts at the top of the beam cross section while the t'cénsrlc stress follows a triangular
. 3 » . . . . .
distribution as shown in Figure 4.1. The section falls when the maximum tcns&

is reached at the bottom fibre: .

Calculations based on the above theory gives, for rcctangular Scctmns, rcsults

_' comparable with tests, but rather deviating results fornon symmemc sccuons ‘This theory
does not conﬁrm the true behavior of fibre reinforced cement matcn?s such as asbestos -
écmcnt, which gn'der high tensile stress close io failure, dcfnonstratcs an clasto-plastic

mode of behavior [12, 13]. ' ’ < ‘

e .
.
o . P2 .

w

Based on research work on flexural strength of ferrocement [15, 16, 17) and '
reinforced.and plain concrete [5, 6, 18], it appears justified ’tq expect that flexural strength

of asbcsté?s - cement can be best predicted assuming a stress distribution shown in Figire .

4.2 and in simplified form for design practice as shown in Figure 4.3 (c). Based on tests,
it can also be assumed that the maximum strain <at failure, close to the bottom tensionzone,
is eqq.‘ial’to: L . . ' e

-0001-

°
@

Corrcspondmg to this strain, thc stress in rcmforcmg steel, if prcscnt, wxll bc

f q E~290ks1(2000Mpa) an 3

Pracucc introduced by De Mahicu [4] for calculatmg the ﬂcxural strength of '

strength :

»
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Figure 4 3 shows a gencrahzed I- shaped section at fmlure (cracking), a stram

J 7

dlagram and a snmphﬁcd stress dxagram Thc I-shaped section is obtamcd by transfomung N
\I\ o 4 the non-symmetric section into an equivalent rectangular section, with the flanges and
‘ reinforéement reprcscntmg the required additional areas .
~ - The followmg rclanonshaps can bc noteds based on Fxgurc 4,3 (c):

< &
\ . X b e
< feo = 26 | ) - ‘ . @1
. . X-h 2 oo
N ’ x-d" ‘ B o
Fs = 2nfyo( ) S 492) ’
) - h-x : .
F e . . )
In the above equations, n denotes the modular ratio (E;;/,Ec) and fy, is the flexural tengile ¢
¢ strength of asbestos -'ccxr'icnt. From'the equi'librium of forces P = 0, - C
’ 'sf's + AA'fei + 12(bxfec) - bh - x) £y - AA £y - Afy=0 - (43) -
§ ) o
ter Substituting \'ralucs from 4. i) and‘(4.2) into equation (4.3), x is obtained as follows:
’ q ' . ' . o )
. AA f 4 A, f , .
‘ o S SR [ c to ] | . .
: rT AA, +nA 1 rAA f F A me @h
+n + '
‘ ‘242 [ s] [— 23] . |
. , bh? _ : .
e S A N
» -} . ) N . , ) R .
. \ ,Béuatio'n (4.4) can 'bc‘rcwrittcn as:
'sb' . R ' . o v ‘ .l‘& ' ) ‘. . ) Do ., \
~ a— Ye | )
‘.' . , . h 2 + 2 ‘Vc ' + Wt ' »‘ _ \
k o ‘ IS e

where y, and y are the s};apc factors deséribing thesstrengthening in the tension and
compgession zone ‘respectively of basic ;ectangtilar section. -

un . ’ ™

- ’
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. (a) ' : 1 (b)

v
Figure 4.1 Smess distribution at faxlurc based on De- Mahleu hypothcsns

s

(a) secuon (b) stresses
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Figure 4.2 - Stresses in concrete'beam imrpc&iatcly before cracking

(b) strain diagram; (c) simplified stress diagram

d A - v
v V. - . @ , . a8 . 9

o _ o ' S
' . * L h ! HA. "
a Ac . /£Cc 'CC _' ’
'.'\ ' ’ - ‘. i K ,eC \ . " o
~ t '} .A'-‘J': - ‘ '7“" ! AA‘C'CU
_4_ '<;.: Bé .78 ‘ ' -
1 r] . |
e x o - -
,b : ? . ' C'I EVZbl'cc
. {h ‘ . .
DAt E}_g - "\' BA T 4 — bih-x)ty,
{ 0.00I 1= A=
. _ [t —ed 4. J Al —“?r
L L ﬁn‘ | t-29.0ksi Ned | Le,
- 4 - . w__/L - :d‘
- . / , - i . .' " : A.". L4
A C (a) b) - ()
NS Figure 43 - Generalized I-shaped section at craékihg: (a) cross-section;



.AACftO*'ASfSN\ . , o
C . bhf, . S .

(' y ’AA'0~+ nA'y - E S i ' B )

€
il

.\1? ‘I’c=°‘ bh - . S |

j there are no ﬂdngcs (rccunguldr 9ect|on) AA, and AA'. are cqual to zero and:’ i
L AGfg T nAq ' } ' - o '
: RV i o ‘ o
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o Thc flexural cracking strength can be now calculapéd frofn the pquilfbrixifn of moments, -
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ﬁ ) From the equations shown, it is poss-iblc topalculatc.thc flexural craéking moment

¢ of any geometrical section. The procedure of calculation consists of the following steps: '
. 4 . . - - ’

S ?
-

(a) ' transfbrm the actual cross-section into an equivalent rectangujar section; -
(®) . find all the necessary coefficients (W Wer A, B, Yand T8, R .
(c)- ' considci' a value of ) based on recorded test results or obtained from the rupture

strength (by usmg a shape factor y) wfnch varies from 1 75 for rectangular to 1.25

forl - scctxons [10, 11]; and .
(d') apply equation (4.7) to find the cracking moment M, , e .
These steps hQ\vc- been used successfully in predicting the ﬂcxural cracking strength of

asbestos - cement mls madc of 'v'and v’ shaped sections tested at Concordia structural

laboratories earlier [7,\8]. N

. The prc'sem résearch work is carried out to vcrify the applicability of equétion

(4. 7) for thin composxte sections made of natural stone and one or two.laycrs of asbcstos _—

i

cement densite shccts

a1l El:zsml_Crackm.Smnh_Qflmssr_Eands
‘ At low loads, 'veneer’ pancls as tested, demonstrated an clasthchavnor (Flgure
4. 4) and the neutral axis is located in the asbestos “:cement part of the cross- hcctmn With
increasing loads, the asbestos - cement part of the panel (undeg tension) reaches the plastic
._ stagé The neutral axis riscs. and part of the marble is now under tension. This behavior
" ‘comparcs with rcsults obtained by Allen [9] for thin flexural’ Spccnmcns of composnzs
Failure occurs whcn thc ultimate tensile strain of asbestos - cement xs reached at thc
bottom. Based on thxs observation, the followmg asuppnons can be made for the

flexural strength analysis: - , . i
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(1) ‘the stressé; in the tensile zone can bc represented by a constant stress fir, -across

“the tcnsxon zone (Figures 4. 5 (c) and (d)); and

(2) thc tensile contnbutlon of asbestos - cement layer (densite) is rcprcscntcd by a

[N

forcc Tasb (ftol fim)Aash and where (ftol ftm) is the dlffcrcncc betwecn the

tensile su'cngth of asbestos - ccmcnt and marblc

Marble ’ Ecme fome
conglomerote ~ . . . —~
/ - 7 .77 [T
L x |[ 7
r . T fcq._ B
) - g h‘ - A-— - Jo
(o) T T

Figure 4.4.  The State of Strain and Stress for Veneer Section at Elastic Stage: "

" . (a) cross - section, (b) strain diagram, (c) stress diagram.

-ty
©
3
-
(2]
3

Morble Ecm :
/ Conglomerate ‘ I'_'l l'"l . =

SRy N
- hm 7 7

- - - i h—7 =
. - = -, Tasb
e Z_.J n f asb
b o I La, - ~ "'thtm
(0) ' T te Ftm
. ‘ ) - ().

Figure 4.5. Assumptxons for the Analysxs Mcthod (veneer section): -
(a) cross - section; (b) stram dxagram. (c) assumcd stress dxsmbunen, ,
(d) simplified rcprcscntanon. T . ' . "

. w l ’; -

e . ; )
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~ In this case, the cocfflcxents of strengthenmg of section in tension and comprcssxon are

45

P
e

Thc location of the neutral axis of the cross - section at cracking can be defined

7usmg equatxon 4.4) or (4.5) which in thxs case may be wnttcn as follows:

s
A -

hd [ frol - ftm]

X ' ftm c g s
h har fid - frl | w6,
PN d[.tlol tm] . L . .
ftl'n ;. i‘

’ ~
[

g1vcn as follows: e E o .
. -“". ¥ (~ . ?)
hd[ftol 'ftm] - . v T \
b ’f : ’ p ' (4.10) s
0 WC =0

H

The qoéffihienfs A, B and ¥ for calculating the flexural crgckiﬁg moment of the vencer

' 1_)'anel can thcp be established as follows: . h N
A=0292 ; B=0667 ; - y'____O' N .' R
Further, it can be calculated _ - - - « )
. . : @.11)
5 - h.'d.[ftol - ftrn] d a5 s '
. \Vﬁ i o . f ' h ) . . ' 1
. . tm i ’ - . , ..

“The flexural cracking moment, based.on qq'uétion‘ 4.7, can then be expr;sscd as:

,
.

o§67hd[fi1 ftm] hddasb fiol -fmy]]

2
M, = i b7 [ 02924 el

. ' tm

/ (4 12)
|
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Comparison of calculated and test recorded capacities are shown in Table 4.2. Agseen

-from this Table, the computed values are very close to the tested-values. Therefore, the

foregoing method of analysis can be recommended. for design practice. Detailed

calculations of composite veneer panels tested are shown in Appendix A.

4.1.2  Flexural Cracking Strength of Granite Paver '

" The presence of two layers of asbestos - cement sheet with their fiber directions

oriented perpendicular to-each other modifies the stress distribution assumed in section’

y 41.1. Noting> §hat at failure, the b?ttom la}y;:r breaks along the longitudinal fiber direction
(loaded perpendicular to ifs fibers) and which has a lower strength than the upper asbestos
- cement layer (loaded in the‘dixéction of the ﬁt;crs). Thc'neutral axis lies in the vicinity qf
the granite-densite interface, the _following assumptions can be made for the anaiysis

. ) . L.
methods: - oL »

(a) the stresses in the tensile zone can be represented by a constant stress fiot across

\ . R !
the bottom layer and a constant stress fy) across the upper layer (Figure 4.6 (c));

and Lo , . .« - ,
‘(b) *the tensile contribution of the upper asbestos - cerr%]t layer can be represented by .
" aforce: | '

L

4

T'ash = (ftol - frotAasb

‘where (itol - fiot) is the differcnét; between the flexural tensile strength of asbcétos ‘

I4

@.

- cement (densite) loaded in the longitudinal and transverse directions (Figure 4.6
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The location of the neuual‘axis at the cracking stage in thjs case is given as folloﬁ(s: '

1+

X .« h ) S o .
= ., tot* T -

h 4, frol ‘ftot] o . a v ‘ ﬁ

— — 413y :
LT g [ ey :
R . h ftot . . ]

. Granite . 4 eg .
: = N e ' ‘h : Y - -
. ”I I l l I i - { Pt - ’ - Tasb
7 ’ : -irhdz B e DR , F&lb "
Lch-f'of,-- ‘ \

(o) - | (b)' ) , : (d)

_ Figure 4.6.  Assumptions for the Analysis Method (granite pavers):

’

(a) cross - section; (b) strain diagram; (c) assumed stress distribution;
(d)simplified representation. ~ , - PR

\ . ]
c

. The coefficients for the strengthening of a section in tension and compression are given as: ~ .
. , - : vt : ”

N

h fl;f t" '”:
' \vt = dl.[ - tc‘) ] . . ' \ ‘ ‘ \4 4 ' b
Lt R fy R @414

K

v
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, the moment of crackmg, remforced concrete members \
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-

The coefficients for calculating the flexural cracking moment of granite pavers can bé

established as follows:

« F

A'=0292 ;B =0667.;x y=0. . T
| - S (4.15)

hd,dsh [ftol - ftot ]

2\'}.8. = , .
-1 . 2 ‘ . ’ )
" h frot ‘ T

-

and the flexural cracking moment can then be expressed as: '

.Y

B

0667h dy ftol ftot hdldasb ftol frot
h L tror ]< - h? [ frot ]]
CT : . ,(4.1'6),‘\‘

M = frorbh” [0.292+

Calculated results and tested résglts are compared in Table '4.3. Detailed calculations aro

given in Appendix B..

4.2 Dmnnmmmn.qf.&afﬂmlaad (in Fl¢xure)

Service loads are deﬁned normally based on prescribed load factors ‘Building
codes normally prescnbc different load factors for dead and hve loads togethcr with ,
‘varioﬁs load combinations. For reinforced congcrete structures, the 1983 ACI‘ Codc [10]
recommends overload factors of 1.4 and 1.7 for dead load and live load respectrvely The"

products of lammatlon of asbestos - cement and natural stones normally havc thin

A}

. thlckncss, and hcncc, the dead weight is msrgmﬁcant as ¢compared to the xmposcd live

load. “Therefore, smglc valug of load factor of Sl =1.7can be used for all 1oads (dead and -

" live). "However, introduction of an addmonal capacrty reduction factor is rcqu1red to reflect

* the degree of ductility of the member ‘undcr the load effects being considered. -

’

W}ulc asbestos cement elements colla dcr_ﬂcxum in‘a semi-brittle manner at

i 1 not collapse whcn concrete |

cracks in the tensron zone and qvcn later when the tcnsron steel yrclds.. Notmally,

A
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remforced concrete structures collapse after the rupture strength of steel has been reached
whxch is 70% higher than the yield su-ength as-used in the ultxmate strength dcsrgn In
| order to put the composrte products of asbestos cement and natural stones at par with
reinforced concrete m terms of safe and failure loads, it is proposed to- consider an

. additional load factor of S2 = 1. 35 The overall proposed factor of safcty becomes: .

R |
N\

'S=§1x52=17 x 135 = 2295 = 2.3,

\

or more conservatrvely, a factor of safety of S 2.5 should be used for structures erected

.

on sue where adequate techmcal supervxsron is mot warranted
Consequently, the followmg design procedure can be adopted for composne
' products of asbestos cement ard natural stones: - \
‘ l.., establish the service loads based on the intended use of the products; .
2. multlply the service loads by a factor of 2.3 for products produccd in a controlled
. type condmon or by a faq;or of 2.5 for products erected o site where adequate
techmcal supervrsrons are not avalla{ﬁe to obtain the ultimate loads; and

3, design the products using the given formulae for u,lt;rnate eapacity.

For products which are exposed to hurmdr{txgnd mcreased water content, a 20% strength

\

rcducuon should be considered. '

'~4.2.1 SafeLoading Capacity for Veneer Panels . o

The uniform tinear failure load wy can be calculated aé:follows:' ~

» \ . ' -

 8Mer ST
W —t o (@)
. L ; ) . . \. . T .
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. The faxlurc load per umt area can be derived by d1v1dmg equatioh (4. 17) by thc width b.

Equation (4. 17) can be wnttcn as: . I
w = - .‘_cr ‘ | - '. 418y

L% - o

After substituting the ‘expression for Mcr‘ from cqhation 4.12, the following for,rfmla. can -

be established: © - A

<l

b ' ways fm® [2336

5336h-d ftoi fm .Shdd;sb (-fxol - fim
- fim )'-h? N fim -).]
: 4.19)

1

With a factor of safety of S = 2. 3 for a dry condition, and’ panel productxon is
undcr factory controllcd condmons, the allowable load-is given as:

2 ' 3 - .
f.-h ' 2.320h, f -f 3.478h 4 d f -f .
oW tm d s'tol “'tm d%asb /'tol “'tm
Wavd=—7— [ 1015 + ( ) —= ( )]
' L - h fim | h c fm
) ~ R , . ' (4.20)

“»For wet conditions, there is a;ZO% strength reduction, cquatioﬁ 4.20) becomes:

fnh 1856 fiol -l 2.782h gdagp il - Fem -
Wava=—5 [0812+ = )- - . )]
L2 h £ h

LT ' | , (4.21)
.Figure 4.7 shows the ultimate and Allowabl,e-strength dia'gram. in terms of load vs. épan,

and which was developqd based on equations (4. 19) and (4.20). .

t

422 Sa&.Lmdmz.Cmam.th_GmmEmm

Derivation smular to that of vcneer panel for faxlurc load per unit area W can bc

~

obtaxmd usmg equat:ons (4 17) and (4.18). Thc final exprcssxon is given as: . .
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4

f:tgﬂz[z 336 + 5-33§hd1 [ftol “%tot] ) 3h§1 d'ash [ftol - t:tot]]

up 2 L= 2 o
L h ' ftbt»: ‘h M . ftOt ' -
d L 4 . ‘
‘ +(4.22) '
“and the allowable load for dry conditions (S = 2.3) is givcn as:
" w ftoth 2.320hg; Lfrol - ftot 3.478h g, dasb fol - fiot K :
‘ apd" 'Lz [1 015+ h - f . ] T 'h2 ‘ [ f ]] A
T : A . ot .
R &) |

~ +  For wet conditions, equation (4.23) be_comés;

[0 ;12 L Sghdl [ftol - ftot] ‘ 2?82}‘('11 dasb [ftol ftot ]] ‘

N ftoth
‘ apw 2 ‘
» - b fer h £ ot
T - -<424)- '

>

Fxgure 4 8 shows the ultxmate and allowable strength diagram in tcrms of load vs. span for

gramte paver supported at four corners.

Ll . , . ' .
v . N 3
L

- 43 Bearing g:apagim of Venegr Pancls
L Failure loads of veneer panels subjccted to comprcssxon can bc calculated using
the empmcal equanon\l4 1 of section 14.2.3 of the American Concrete Institute, ACI 318 .
- 83 code of practice [14]. The formula gives the ulnmate bcanng capacity of a wall, undcr

axial compression as:

Y .
P = 0550 A He s - :
4= OSSOTAGN- (DT , e

o
\

S -

Equation (4.17) shiuld be modified if it is to take into account the presence of an asbestos

- cement Jayer in the sandwich panels as follows:
. - . ' .
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Ve ' " where, , ' BN

asb " .

R m, = e P = ‘
. fem " Ap * ‘
C K kg

‘ Considcriﬁg the nominal bearing capacity as P, = P,/¢, equation (4,1 8) cah be rewritten -

—88: -
.ot T

ﬂ . ’ - ki,

A .é’,‘O.SSA f o1+ mP] [1- (
N ] n mcm‘. . . 3%

2, N
)] ' A ()

. . -
v - v -

»

A comparison of calcidated noniéna\l failure ioads with test resuljs-4fe shown in Table 4.4.
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by \f‘
'4‘ - -
" [Test So‘m;;lc' Trested [Equivalent Uitima-[Equivalent Ultimate | Allowable Uniform
' Failure [te Uniform Load Uniform Load Load (calculoted
?‘r"f No. Load |-(tested) (calculated) for ‘dry condition)
. | Akips) | (lbs/sq.f1) (16s/sq.ft): (Ibs/ sq.ft) . -
BMCI/TPI [0.300| ' 26.48 - 31.37 13.64
BMC2/TPL [0.320| 2757 N  3.37 13,64
Bl |BMCI/TPD (0520 | 3855 35.00 15.22
BMC2/TPL [0.450 | . 3471 35.00 15.22
BMC3/TPI (0390 | - 31.42 35.00 1522
, BMCNI/TPI1| 1.056 |  115.99 . 125.46 - |} 54.55
. - ‘_ - v B .’/
B2 |BMCN2/TPI' 1.OIC. |- " 110.94 w 12545 54.55
BMCN3/TPL 1186 | ""184.70 ,l76k\92 76.92 -
‘|BMsn TPmlo.997 | 26088 199.37 .86.68
C * I . . P , 7
B4 |[BMSN2/TPL|0.922 | ' 240.52 - 199¢37 86.68
BMSN3/TPIL 0.925 |- 241.30° 11993 86.68

“

I3

-
w

veneer panels N

B
{

" Table 4.2 Cofnpzirison of ialculated and tcst\}ccordgd t:lcxliral capacities for - -

R



~/

s

" Tested Equivalent Ultimote Eq@ivolont Ultimate Ailo‘ﬁoblo
Sample (Fgiture {Uniform Lood Uniform Lood -|Unitorm Lood |
No. Load (tested) " < ](calculated) Kcalculated for dry

' Akips) (1bs/sq.11) (1bs/sq.t1) condion) a.t)
1-6PI - [17.981 237 2043 68l

¢ .
I-6P2> |14.012 1853 ™ 2043 68!
I-GP3 |16.957 2242 2043 681

Table4.3 Comparison of calculated and test recorded flexural capacities for

granite pavers . '
Tested Foilure| Nominol
' ' Loads 'F'. |Bearing F
Sample No. " ios) |capacity' Py | 2=
(kips (kips)
BMWI/TPIL '18.658 | 20.250 | 0.92
BMW2/TPII 22.515 20.250- LU

Table 4.‘} C&nparison of calculated nominal failure loads mth test results .

’

for compressiveybearing capacity tests’ -

A
] T2 A
l. N
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CHAPTERV _
' SUMMARY AND CONCLUSIONS =~ =~ ——

5 | ' S | : . o
| The prcscnt, wonk is the first attempt in Northl Axnerica to study and evaluate ﬁc
strength of ;an@wich systcm's “{i;h asbcstos - cement sheet used to produce increased
tensile strength of natural stone products., The-study emphasized”on dcveloping a simple -
analysis method fcr calculating the flexural capacity of natural s;one composites such as

veneer pancls and granite pavers which. are manufactured in Canada by Atlas Tumcr Inc

_and Bumaco

. The experimental work was conducted on full scale specimens A total numbcr of
- thirty tests were conducted. Mcchamcal propcmes of asbcstos - cement and bulldmg stonc
l matcnoals were specified jy Bumaco and Atlas Tumcr Inc.

@

H

oo

A practical analysis method was dcvelop‘éd for prcdlctmg the flexural crackmg

strongth ofgvencer panels and gramte pavers. The developmcnt was based on the X

k]

knowledge of thc stress-strain mlanonshlp of the tensioned asbcstos cement and on an
~ assumed stress dxstnbunon at the cracking stage. The apphc‘ahon of the cmpmcal formu]a

(sgcuon 14.2.3 of ACI,318. 83) for the ultimate compressxve bearing capacity of concrete

> ‘walls was verified for veneer panels.

(2
r

‘ - ' .
Guidelines for estimating thc'ﬂexural capacity of veneer pancls and granite pavers

- togethcr with the bcarmg capacity of veneer pancls have been outlmcd and illustrated by a

pracucal dcsxgn cxamplc shown 14(Appcnd1ccs A, B and C ' -




L4

5.2

x “

'59 b ' [
A '

Q] T

~

~ On the basis of the work described, the following conclysions are dréwn,:

£
< 4 '
R
.“ )

The ﬂexural capacmes of vcnecr panels‘and gramtc paver in the reversed dmcnon

(marble or gramte being at the bottom tension sxde) are 30% and 31% of thc

’ capacmes in the normal du‘ecnon (marblc or granite being at the top compression

zone) res;')éc;tively. This observation dé’_monsu:ates that the introduction of one or

~ two layers of asbestos - cement densite in these sandwich panels is of significant T

improvement in comparison with solid marble or granité used in conycntiovﬁ :
settings This sandwich combinatidn with'asbc§tos cement on the tcnw
allows the constructxon of panels of largcr span and loadmg capaclty, and lesser
4sensmv1ty to breakages during tmnsportanon

The. results obtained from the flexural tests indicated that the proposed analysis

“method which is based on the non-linear stress distribution at cfackir;g can be used

Walculatc the flexural capacity of the comp’osite panels. A safety factor of 2.3to
2.50 have been recommended. For panels exposéd to hjgh humidity orincreased

water content, a 20% strength reduction should bc considered. Also, the design' A |

. charts of Figures 4.7 and 4.8 which gives 'thctcapa‘city' of the c\qmposjic panels at

different span lengths canbe recommended for dcsign Ppractice.
The bond strength betwcgn each dxffercnt laycr of matcnal was sufﬁcncnt and dxd '
not affect the overall capac)ty of the composxte panels.

The strength of veneer panels subjcctcd to compression can be' calculated

according to the present ACI practice for wall design (ACI 318 - 83). However,

" the validity of this conclusion is influenced by the critical parameter klc/32ho The

limit for this parameter is: I N ‘ .
Klg. =~ -

< <1.0

32h
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b = 23"

h=7/8"= 0.875"

N

Aash = 23 X 3/8 = 8.625¢in?

II .’]E .

farb = 2030 psi

fun © =2030+1.75=1160p

‘The Cosffcients of Strengthening of Section

'Wt

- Aash Frol ~fim )
s bhf i .
" 8,625 (2100 - 1160)

o (23)(0.875)(1160)

Ve =0
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si (y = 1.75 for rectangular section)

S




63

| ‘ e
o X 1'F\|’t N\ ' SR
b 242V,
x 140347 @
L (0.875)  2+2(0)+0.347. .
x = 05" - J
0(0) 1- 2(0) 1 +2(0) .
DA = e e | eee———— . o
; j [1+2(o] [6(1+2(0) ] 6%242(0) AR
\'_,= 0292 |
0(0) . o L
B-t- [ 1- [ . ] =eeer - -
. 1+20) 3(1 + 2(0)) LN
(23)(0.375)(0.1875)'(2100 - 1160)
2y = s ‘ — 0.074

6L (03)(0.875)2(1160)
Mg = fmbh [A+BY,-TY; 8] |
= (1160)(23)(0.875)? (0.292 + 0.667(0:347) - ©. 074)]

9_1_71 Ibs - in. . o .

arid the corrcspb_ndihg fested value was Mcr = 9055 1bs-in. (average)

LR

Lo w2
._M.cr = 8
. . 4 . ¢
_ AM 809171). -

wooo = 5.65 1bs/in.
L 12 - (114)? « .

o T s,

.o Ult1mate load per unit area =——— = 0245 lbs/m2 = 35 psf
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Aagbz = 37x 3/8 = 13.8?5 i."2 ' .
<\ft0t = 1450 psi ’ 7 . .

fil =2220psi = - -

~o

. N : “
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-~ bhf gy AR
I |(13.875)(2220- 1450) -
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Location of Neutral Axis at Coackine Sgoc:

.‘X‘ 1+“(£l ' :

h o 2429V, T
x0T 14009 |
2 2+2(0)+0099%

x = 108"

6(0) 1-20)

b 37

L 1420
A=05- - —]-
1+2(0)] [6(1+2(O)] 6 2+2(0).:|
: = 0.292 Ce ' . .
o 00 .4 r- 1 4. ..
Bt 1:1 —] - oe67
I U 7(:) B 6 U (1)) I
L (3N0375)0.5)(2320- 1450) . - . '
Xy, 8, = . . - =0.0249 -
,oui (37)(2)2(1450) ‘ o
Mcr -ftotbh [A+B\Vt }:\;{,5] W .
(1450)(37)(2) [0.292 +O667(00996) (0. 0249)} R
71461 81bs -'in. - ,
and the corresponding tested value yvés“75386.1 Ibs-in. (average). = -
L e -
Mee =2 .
T Mg, 8(71461 B
W= = 525 lbs/in..
: 12 - (332 . T
w 525
o e Ultlmate load per unit area m—— m— = 1421bs/m = 2043 psf
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1= 52

fea 8600

m = = = 0312 T, el

fem. 16795 .-
A 8625 - - S :
asb_ 2075 = .
‘Am 11.5 -7

%k = 0.5 for fixed supports

.
[ [ . v

‘ - B ki c 2
= 055A pfoml1+mpll1- [—32—1;—] ]

g
!

]
-

o L 0.5(52) 42
0.55(11.5)(16 795) [ 1 + (0.512)(0.75) ] [ 1- [32(0 gis)]

-

20 252 1bs. = 20.25 kips

'

20.25
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Ultimate bearing capacity pes linear feet = x 12 = 10.56 kit
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