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Tests- and Strength Evaluation of Asbeétos-Cemént

I

o | _ Housing Structure .
. - , Antonio Perinayegon

- » 9
.

Full scale tests werehperformed on new asbestos-cement

. building system (ACEX Syétem)/utilizing pénels Qn form of 's'
, B % . ' .

4 and 'v!' elqmentsi The main purpose of ‘those tests was_ o

3

.~ study the overdll behaviour as well as the capacities of

i '

panels working as walls, roof and floors leading to a defin-

ition of sage loading limits and practical desdign criteria.

. . v -

A new method .of designiﬂé’asbesios-cemgnt in flexure

has been presented and the appliqation of the empirical ACI

[4

formula for concrete wallf has been verified.
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b o CHAPTER 1

w7
S
)
i

- . INTRODUCTION _ o )
) . s : , x‘:’f’ﬁ'ﬁr)
The ACEX System has been developed by Guy Blain,

architect in collaboration with Atlas Turner Inc.,’ IRDA’.
(Institut de Recherche et de Developpement sur IEAmiante),
and 2.A. Zielinski {in the final étage) for low cost hdﬁsing.
The system intrdduces new asbestos-cement elements, whose‘
forms résémﬁlé the 's' and ry! éhape.'

The subject of this report coﬂcerns the strengtﬁ of

the two elements and the evaluation of their behaviour when

used as.walls, roofs -and beams.

}

In order to ascertain the validity of elaborate
theories, tests were carried out a; the.Concordia.Hniversity '
structu;eé laboratory during the period of December 1983 to
Méfcﬁ ;ééq.’ The performance of‘thege Fests was_in accogdance J

with contréctual agreeménts between the'University and Mr.

Guy Blain, as part ofpa“project sponsored by IRDA.

~

“
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e ettt

"based on the conviction.that asbestos-cement components could

. Figures 2.1.1, 2.1.2 and 2.1.3. The main feature of the

i . L . . . H
. . - . N

CHAPTER 2 L

DESCRIPTION OF SYSTEM

v

2.1 ‘Descriétdon of System {based on deéign information) ' f

< . .
The development of this building gystem was undertaken

form the basis of new ways of building siﬁgle family low cost .

houses on a massive scale. .

s

The objective was to come up with a solution sultable 9/ . c:

' for housxng needs encountered in the developlng world and

utilizing 1008 oflasbestos-cement as structural materials. C o,

Even though this. bulldlng system can be adopted for. multl-

storey (midrise) bulldlng constructlon, commerciallzatlon lS

. directed towards one and two storey houses’ as shown in

building system is.its low cost, which is achieved by produc-
ing profiled asbestos-cement sheets at the’factory_andf'

assembled on site without the use of structural frame, wood

[ ) I

or metel studs.

v

. The load bearlng walls and partltionS'utlllze the

/s

cavity pr1nc1ple, where natural ventllatlon,gfnsulatlon or

other local filler materlals can be used to provide heat and

sound insulation where required. The same basic.asbestos-

cement element (with a-cavity) is,used for the construction
of walls,end roofs. Connections and assembly are simple and

‘can be' done by non-professionals. Buildings pohstruoted of




t M

P

—-—J. ———r o v— g

:welght, no crane or other mect:nical handliﬁg equipment is
Y

.required. The compcnents ma

—3_‘ ‘ ) : » L . ;

asbestos-cement components are rigid and-able to withstand

abnormal lodds, sucﬁ'as-eartﬁquake,,hurricanes and floods.' . e

Door frames, window frames, base boards "and COnnectlon

«

angles made of asbestos-cemeqt are easxly pieced and assembled

; .

by one or two men. The exterior skin of the roof and wall ‘, oy

O "‘4'

panels whlch ls_yaterproof due to a, spec1al conflguratlon at

the- joint, do not need the use of any batten or verstripy

and at the same time the assembly provldes a flat

"

both sides. ' X - _ﬁ -

4

Mechan1cal and electrlcal serv1ces are ea311y installed
in the cavity of 1nterlor partltlons and exterlor walls.
Electrical outlets, sw1tches, junction boxes also fit in the\

cavity. Electrical wires and pipes- are run inside ‘the walls%.
) g . ¥ . ) -

H

~ A building constructed of asbestos-bement requires

¥

iny‘conc}ete footing and since the components are light in ’ . »

i ' ¢

e stored and transported in

stacks, thus reducing transportation costs., Its‘flexibility
to satisfy various desighs for Housing’projects,makes this

building system superior. to other-pieﬁabricated.and pre;;
assembled housing systems..l . ‘ B & . -

" L]

The bulldlng system lntroduces two new asbestos—cement‘:
elements. They are the 's' elements‘and the 'v' elements.~ )
The roof and wall panels are made of - s"elemenfs‘Whereas
floor panels are made partly or wholly of v’ elements.

s
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2.2 's' Component

Oniy one type'of,“s' element is used for roof and wall ;’
assemblies. It -consists.of £\§ymmetrica1 element as shown

in Figure 2.2.1(c). Its overdll dimensions are 12'-0" iong® ¥

'

by 3'-11" wide'and 5" or 6" thick. The thickness of the

asbestos sheet is 3/8 of an inch. . )

3

r

For testing purposes, the roof panel consisted of a

)

full width uncut 's' element and .tws reduced widthH 15!

elements. as shown in Figure 2.2.1(a) and a cut-off element

'

from a full_width’flat unit. The.overlapping edges were
secured with 10-24 x 1" steel. screws and expansion chills:
every 94 inches. A typical roof assembly is shown in

Figure 2.2.1(d).

Also for ﬁesting purposes, the wall panel consisted of
a combination of two reduced width ''s' elements as shown in

Figﬁre 2.2.1(b). The two elements were attached at over-

';apping edges with 10-24 x 1" steel screﬁs and expanéibn

chillé every 24 inches. . , '
o e . TN
2.3 - 'y' Component ,

4

»

The 'v' elemeht. is basically used for fioé: structures.
[ . r )

’Floor asseﬁblies'één”be made using eithe; gingle or épubie

. ‘ . s
.'Y' elé@egts.wh}ph are praduced in two different slab~thiék-,
‘nesseég 3/%" for typéi'yi"andli_of an‘ibéhlﬁérrtyée {yz{ as
shqwn';n Eiéureslé:3.1£af'énd Q.Q.i(b) reépectivély.‘- |

The: floor, panels consisted‘bf‘diffgreﬁﬁ combinations off.’

> ,M'
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. , (o) 'V'element Type'vi'

4l

-

’

Q "
« .
—

. "AbY'V'element Type'v2'

" igure '2.3.1.Types of 'V elements
- ! N " . . T
i R R ] Pl )
. "i% N
'\ (c) Single’Vv' Beom *  |d)Double'V’ Beam
' with top plate - % . - with top plate
© " Figure 2.3.2 Types of Beams..
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'y' elements.and in certain cases are combined with flat toop

a

‘_%0_

plates. The different types of beam panel produced for test-

ing purposes are shown in‘Figure 2.3.2. Attachments where

chills.

2.4 Matgriai
\—'—_-*——'

-necessary, were made with 10-24 x 1" steel screws and expansion

4

» ¥

'S' elements and 'y' elements are made of apac and flat

plates of densite. The properties of these two materiéls as.

speéifieé by Atlas Turner Inc., who produced the elements

described above, are shown in the following.Table.

&

APAC -

DENSITE.
. I )
. Modulus of . o 6 ' " &
slasticity (1bfin2y | & .8 x 10 1.8x-1Q
) along ‘: :
Mogulus of |jength | 't 3100 4500 -
rupture 6long —
tb/in?) | width | fe 2400 3700 -
along f (
1800 2220
"Tensile = |length to - |
strength ntoﬁc .
9 . _
(b/m2) | width | ftoc 1200 1450
‘Compressive .. [¢. ° : N CoL
- strength (lb/‘ip?) )c 8600 . 12500

L

-
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a

.- 2.5 Testing Arrangement\

All floo;, roof'and beam panels were tested és simply
suppdrte;. The arrangement of this test is shown in Figure
~2.5.i. quier support'or supportév as feguifed, were pfovided
?n‘one.side, while the otheryfiggjaas pin-connected. The' . ' .
panels rested on bearithpads made of 3" thick softwood. The
floadﬁw;s applied at thé midspan of the Samples.sq that half
the load was supported at each gnd." ‘
‘ A.Compressi&# teéts were performed Qn wall panels and

'

e ¢6lumn samples in a special frame as shown in Eigure 2.5.2.

" The set—up con31sted of an overgead mounted hydraullc jack
with a callbqated loadlng cell restlng on a rlglq-steel beam.
NeceSsary procautlons were taken ‘against suddén sidesway by

. bracing the ‘test elem®énts on the front<ané back faces.

’

{ = ‘ ‘ N ) BN
2.6 @gsting Procedure " oL

?ye panels were statically loaded to failure. To facilfﬁ
1tate observatloﬁs the.centre lines of panels were drawn :
alogg the~two principal axes, and the location of screwé was
marked with circles. Each panel was then carefui‘ ‘surveyed,
.;?d the dimensions and age recorded.

Once a panel was 1nstalled and ready for testlng, the'
d1a1 gauges were placed and adjusted loads were then grad—
ually applied by means of a hydraullc jack, in equal incre-
ments of 0.24 klps to 0,48 kxps. Deflectlon and load readlngs

~

were taken after each increment. The panel was flrst allowed

1
i
Sy - -
[‘45' e :}gmv*.. -
Ex aiad ¥ -
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, to'sthilize and. after which readings were made and recorded.
. This loading procedure was continued until ‘the ultimate S .
'“capacity was reached. At failure, crack patterns as\zfll as

failure load were marked on the pahgl and photographs were

;aken. é

2.7 ﬁoading Measurements

For floor, roof and beam assemblies, dial gauges yére

"used to measure the vertical displacements. Electric.strain
* A Y

gauges were also ‘used on panels 1-SR6 and 11Fv4(b). The '

» . .
électric strain gauges were placed on the top. and bottom sur-
faces of roof panel 1-SR6 whereas oAly Ewo strain gauges were
placed on the bottagm surface of beam 11thkb).
Corresponding to the load applied, the reading of all

strain gauges and dial gauges were recorded. .Recorded

‘measurements were plotted for each panel. ' - T

The cut-out sections were tested on a Tinus Olsen *
machine in order té6 verify the properties of the material.
Thé. loading measurements were read directly from the machine .

»

gauge. ' S L N
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qud cefl

Softwood

Frome's top
beam

\(‘

.

Loodi‘rg

Wall sample’

-

r

-

_'Saftwood

.

Dial dougn' fixed -

beam °

to independent frame

Figure 2.5.2 Arrochgomonf of Wall panel & Column tests.
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. CHAPTER 3 - T

TESTING PROGRAM, OBSERVATIONS AND RESULTS

3.1 First Stage~Roof Panels Made of 's' Element

In the first stage, the behaviour as well as the’

capacity of roof elements as shown in Figure 3.1.1 were in-

o~

\ vestigated' in order to establish applicable criteria for roof,

»
s.tl;uctures .

»

</ Test samples were made in four series Sl, SZ, S3‘ and
s4.! Series S1 and S2-fepresented the testing of two roof

-
‘\¢\

" "panels denoted by 1-SR6 and 2-SR6 respect:.vely (number 6 de-
niotes overall depth of 6",)’.‘ The di_.mensions of each.panqel'
were 4'-ll"x 6" in ci'qss—sec_tion and 12'-0" in length. Test
s‘/eries S3 and- sS4 ‘;vere carried out on panels 1-SR5 and- 2-5R5
(num!yoeriSA denotes overall depth of 5"), each rpeasux_:ihg:; a
.12'-0" x 4.'-l1" x 5" thick ‘%é shown ih Figure .3.1‘.1.

Test series-S1 -‘roof, panel 1-SR6 - Roof panel 1-SR6. was lloaded

as a simply sxipported beam in an. upside down 'positionh 'I‘he‘

H

panel falled under a load of 4. 15 kips as’ shown in Table 3.1. l.
Failure occured when: the left side of the bottom sheet '
cracked in tension, dj:rectly ‘under the applied load. There

- were no cracks around the screws and no notlceable damage of -

the holes were observed. None of the screws were pulled out

or bent. Although failure occured at the bottom, this panel
was still capable of carrying some loads until it crecked on
the right side. ' : -

Figure 3.1.2 illustrates the nature of. the stress '~

. - . . . v ' . \]
a . . * ' .

By

o o TR

—
.
B3
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distributioh in the roof assemhiy The hlghest ten911e
" Stresses occurred at Points 6 and 8 and the highest compress-
°lve stresses at 'Point 3. -Under 1n1t1al loadings, Points ,
'5,§,7 and\B‘atvthe bottom of the panel .were all in‘tension; N
' .Qith,load;increments, the tensilelstresses increased-at
Points 6 and 8 and decreaseg at Points 5 ahd 7. -Prier to
failure, Points 6 and 8 reached the ma;ihum tensile stress
‘while Points 5 and 7 were subjected to compressive_stresses.
Equivalent uniform distributed load corresponding to
the tested failure load .is shown ih,Table‘3L111, as well as
"the calculated eqiiivalént uniform.distributed Ioads for

., > o . ' . /"
10'-0" span. Figure 3.1.5 shows the load-deflection curve,

with the-load in kips as the ordinate, and the deflection in - °

.inches as the abcissa. g . ‘ L

. . ’ . ' b '. - . co ‘-LN"K-_
Test-series $2 - roof panel 2-§R6 - This test series was '

carried out 1n two phases. In the" flrst phase, a creep test
under sustalned load was performed on roof panel 2 SR6 . It ‘ :
was, 1oaded as simply supported in an upsmde down' position, |

with a. unrform dlstrlbuted load of 20 lb/ft and ﬁeasurements‘

of deflectlon at the . centre and, at both ends were made every

12 ‘hours for a perlod of 30 days. . Once the panel was
unloaded a€ter 30 days, measurements of’ deflectlon were
“carried out 1mmed1ately and again one hour later. The recov-_
‘ery was 80% The deflectloh;tlme curve for the creep
‘,test is shovn in Flgure 3.1.3. As lt,may be~noted, greephwas/ ~‘~
almost fihisheh after 20 days.

°




. L . ' ' Co .l
v i . . . N
] ' . ) »' . , :-‘ . ' Y

,‘///////l‘”V ' In the .second bhase, the panel in an upside down position . T
: - ‘was then lo&ded as in test series Sl. Failure of this sampie 3
. was due to. the Ereakind of its‘bottoﬁisheets in the middle.

directly under the load. \The crack was about l? inches 'away

°

from the middle screws. The ﬁeilqre load was 2.975 'kips as

‘shown in Table 3{1.1.. The load-deflection curve of 2-SR6

under‘midEpanhloading is shown in Figure 3.1.5. . ’ .

- Test series 53 - roof panel 1- SR5 - Contrary to test series Sl

and 82, roof panel 1-SR5 was . loaded in the normal (not up51de

down) position. - As the load reached 2.88 kips, overall fall-

ure of the bottom flanges occurred in the t¢icinity of the

mlddle screws, dlrectly under the applied load._ As ih previous
. casess despite the- failufe o) the-bdtﬁom flanhes, the panel .
P s &\) .

was still capable of sustaiking addltlonal loads, and no . -

. tearing of asbestos around the screws was observed.

[y

; Test series 54 - roof panel 2-SRS - Roof éanel 2-SR5 was
idenrfcal to 1-SR5. .The same test was carried out except
that this panel was tested in an upside down position as in
test eeries'gl aud.SQ. The existing crack at. the bottom
right"flanée ploée to the rollegleupport was marked.  Failure
occurred when the asbestos cracked. at the bottom right side,
and the exlstlng crack opened 1/8 of-an inch. The fail- N

_ure 1oad was 3112 klps as 1ndicated in Table 3.1.1.. As fgg, ./
panel 1-SR5, the cracklng of asbestos-cement occurred in (}
tension under the applled loadr Figure 3.1,2 shows the 1oqd~

. - - ¢ 3 - ' IR
. . deflection curve. . . . i

r

L O amu el
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. RN S
Cut-out sections - Three samples each measuring 6" lonéQgﬂ

6" wide by 3/8" thick were cut-out from éach péﬂél of test

series Sl, s2, 83 and. S4 and similar tests were conducted.

Results are tabulatbd,im Table 3.7.1.
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Figure 3.1.1. Dimensions of Roof assemblies.

j:‘:::ites f‘:mple L w t | bl b2 b3

s) I-SR6 | 12.0" | 411" | 6" B PUR UPCE NN T

s2. 2-SR6 | 12" 0" | 4. n" 6" 6" I a"’, ’o "

s3 \ I-SRS | 12, o'| 4.1"| s5"-| 6" | - e P

sS4 2-3R5 | 120" | 4_11"| 5" | 6" l'_— 8" | I "
-+ - .
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(mm) gy ‘
508 1016 1524 . 2032 254 “30.48 -
—~—1-SR5 F:2.88Kkips a , |
@ —— AVERAGE )ﬂ/ —
- . ‘ ] -
: ° — -
. E
= A /// \ i
S 20 T = 8.896
A I B I o ot I
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_wall panels 55W6 and 6SW6 (last number 6 denotes overall

shown in Figure 3.2.1.

10SW6, 11SW5 and 12SW5. As shown in Figure 3.2.2, panels

LY

29

3.2 Second Stage - Wall Panels Made of 's' Elements -

This stéée consisted of two parts. The firs£ part
dealt with the bqhaviof and capacity of walls leadipguto a
considération of‘séfe?loading Iimits and practical design
criteria. In the segond part, the maximum capacity for'sﬁort
walls (with no Suckling influence) Qas found. ,Thié capacity' “

was compared with corresponding walls of regular heights as

-
Y
] -

tested in the first stage ‘ . =
In the first part, test se;ies S5, éG, S7 and S8 were . .

carried out on. four wall panels.’ In.teét séries S5 and §6, - .

depth of 6") were tesfea: ~Each panel had dimens;ons 3'=-3" x 6"

in cr&sg-section and 10'-0" in height as shown in Figure 3.2.1..

Wall paﬁels ZSWSfaqq 85W5 (last number 5 denotes,overéli )

depth of 5") were tested in test series S7 and S8 respectively.‘

They both measured 10'-0" high, 3'-3" wide “and 5" thick i%

L
t

In the second part, test series §9,'S10, Sll and S12

were run on -four short wall panels: - They were named 9SW6,

9SW6 and 10SW6 each had a cross-section of 3'-3"'x 6" and a .
height of 2'-0", while panels 11SW5 and 12SW5 were ;’—3" wide,

5" thick and 2'-0" high.

Test series S5 -’(Compfession) - wall ‘panel 5SW6 - In order to '

- apply compression loads on wall panels, the arrangement as

shown in Figure 2.5.2 was used. Wall panel 5SW6 was loaded

o




" U

..30_
concentrichilj, buﬁ'becaﬁse its top surface was not perpendic-
ular to the top rigid steel beam during the test, failure

+ occurred early. Therefore, this test was ignored and its
results were not used for comparisons, Failure occurred when
the bottom bart of the wall twisted out from its original ~
position and broke. The failure load was 25 kips as indica~

ted in Table 3.2.1.

Test series S6 - (Compression) - wall panél 6SW6 - Wall panel

6SW6 was identical to 5SW6, except for having additional
_screws so that the spacing was 12 inches instead of 24 inches.
Care wés takén to make sure fhat the load was uniformly
applied on the whole su;face at the top‘of the wall. Under

a comp;essive load of 63 kips,  the wall failed when the
bottom part of one of the 's''sections qrashed: No buckl%ng_
of ‘the wall between screws was observed.

Test series §7 - wall panel 7SW5 - Compressive test was also

performed on wall panel 7SW5. The ultimate‘capa§ity was
reached when the p;nel fgiled at‘the top by rapid spliéting.
During the test, bﬁckling appeared the_two last screws

.at the bottom of the panel and disappeared after the failure
of the top pgrt. The failure load was 35.68 kips.

o

Test series S8 - wall panel 8SW5 - A similér test to test

series S8 was performed on wall panel 8SW5. .Failure occurred

when the bottom of the wider flange of one of 's'-sections

3

cracked but did not chip off. Prior to failure, the asbestos-
.cement sheet buckled between the two last screws at the

- bottom of the wall, while no overall buckling of the assembly

-
!

' B . \. '. , . .
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was observed.ﬁ The asbestos sheet cracked midway between the

[

»

bottom screws and progressed towards the centre. The failure

load was 37.5 kips and even thouéh the bottom of the panel

. . . failed, it was capable of car;ying'more load until the wider

flange of the front 's'-section cracked at the centre under

~+ a load lower than 37.5 kips. . °

Test series s9, SiO, S11 and S12 -"wall panels'9sws, 10SW6,

L1SW5 and 12SW5 ~ As mentioned”earlier, these tests were done

in order to evaluate the influence of buckling. Compression

tests were carried out on short walls 95W6; 10Sw6, 11SW5 and

12SW5 which were parts of wall assemblies 5SW6, 6SW6, 7SW5 -

and 8SW5 fespectively. More screws were added to 'panel 12SW5

«f \ - : .
- to make them 12 inches apart insteag of 24 inches, as were

¢

the cases for other_banei§. The height of each wall was

2'-0"., The test results.are shown-in Table 3.2.1. o

.
”~ L

at ‘ . [
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Figure 3,2.8. Bock view of Wall pan
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3.3 Third Stage - Beams Made of Single 'v' Elements and

Double 'v' Element's

*

In the third stagé, tests were performed on‘beaﬁé made

of (a) single 'v' elements, (b) single,:wv' elements with

P

steel reinforcément at the bottom, and (c) double .'v' -

‘" elements.

Single 'v' element beams were tested to establish their
load capacities as beams in floor systems and compared with
borrgsponding'réinforced elements. . These capacities were

also compared with double 'v' elements. ; ’

This stage included test series V1, V2, V3, V4 and V5.

o

In test series V1; beams i—FVBé and 1-FV3b, ‘made of single i?'

i}

‘ eleménts;xwere tested. The overall dimensions of each beam

L]

were 10'-0" long and 73" deep, as shown in Figure 3.3.1. Two

otber single 'v! beam§,<2—FV4a and 2-FV4b, were tested in test

series V2. They both were 12ﬁ40" long and 731" deep as 4illus-

trated in Figure 3.3.1. One single 'v' beam 3-FV3a was tested
in test series V3. The bottom of this beam was reinforced
with 2%#3 bérs embedded in early high strength pbrtiand cement

as 'shown in Figure 3.3.2.°  The beam measured 10'-0" in- length

and 73" deep, as indicated in Figure 3.3.2. Tests were con-
"ducted‘on beams '10-FV3a and 10-FV3b iﬁ test series V4, while
‘test seried V5 dealt with the testing of beams 11-FV4a and

_11-FV4b, . Beams 10-FV3a, 10-FV3b, 11-FV4a and 11-FV4b were ¢

all made of double- 'v' elements glued together as shown in

Figure 3.3.3. Both beams l0-FV3a and 10-FV3b were 10'-0" long

J -

-t . ’
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. shown in Figure 3.3.5.
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"and 734" deep, whereas beams 11-FV4a .and 11-FV4b were 12'-0Q0"

long and 73" deep.

' The arrangement of a test on a typical v-section beam

-

is shown in Figure 2.5.1.

PN
~A

J

o

Test series V1 - smngle 'v' element beams 1- FV3a and 1-FV3b -~

Both beams failed by a sudden ten510n crack dlrectly urider -

the applied load. Thé ultimate loads reached for beam 1-FV3a

'and;l—FV3b were 1.55 and 1.31 kips reepectively: Corr-
. » o

" esponding equivalent uniform distributed loads have been cal-

culated and are shown in Table 3.3.1.. Figure 3.3.4 shows the

load-deflection curve.
» N ' .
Test series V2 - single 'v' element - beams 2-FV4a and 2-FV4b -

As in the previous test series, beam 2-FV4a and s-FVdb failed
by a sudden tension cracking at midspan under the appliedl
ioad Both beams falled in tension 'under a load of 1.55 kips,
as xndlcated in Table 3.3.2. The load-deflection curves are

S

Test series V3 - beam 3~FV3a strengthened with steel bars -

The }eft side of tHe bottom flange of beem 3-?V3a cracked in
tension under a‘load'of 2.74'kips’and as a result, the pres-
sure applied by the jack'dropped suddeniy When the load was
brought back to 1.31 klps, the whole bottom flange cracked

The behavior of thlS beam under load can be clarlfled

'by the fact that. after the failure of asbestos- cemeqt, load

v
was transmitted to steel whlch was. subjected to a sudden in-
crease ‘of stress-and‘begah to yield. This explains the

O
' d

L v v
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sudden drop of pressure by the jack. This test also demon-

- strates that -"the tensile capacity of this beam is double

~ that of a coFresponding n$ﬁ-reinforéed beam 1-Fv3a. The load-

deflection curve is shown in Fiqure 3.3.6.

Test series V4 - doublg 'v' beams 10-FV3a and 10-FV3b - The
sequence of failure of both beams’was identical.~lTHe right
v-section of both beams cracked close to the location of the
apéiied load unger a 3.78 kip load. The crack stopped at the
joinp between the two vrsections leaving the left v—éection
intact. The left v-section of each beam was then moved to

{

the centre and loaded. They both failed under a load of
! »

1.43 kips. .

It' was .observed from this test that the tensile capacity

of a double 'v' beam is two-and-a-half times higher than that

of a comparable single 'v', non-reinforced beam, 1-FV3a, and-
one-and-a-half times higher than that of a singié 'v' rein-

- . " , ! ’ .
forced beam, 3-FV3a. = The 1o§g§deflection curves are illustra-

ted in Figure ‘3.3.7..

Test series V5 - doubié 'v' beams 11-FV4a and 11-FV4b - The S

entire right v-section of both beams 1ll1-FV4a and 11-FV4b

failed in tension under loads of 4.68 kips and 4.15 kips

 respectively. As in test series V4, the left section was

) shifted to the centre.and loaded to failure."

The results of this test series again revealed ébat
double 'v' beams are much stronger than single 'v' beams:

Comparing a double 'v' beam, 11-FV4a, to a single 'v' beam, "

.
.
Y S S
Sy R -
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2-Fv4h,‘sh6ws a_67§ difference in

load-deflection curves for both beams are.shown in Fiéure
’ e ' »

v

3.3.8. .
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fcit Sample ' e |-
Series | No. L ‘w b -H !

Vi

IFV3a. .

lol- oll

4Y2"

vi

IFV3b.

.4|/2.

vae

.2FV4a.

4'/2

va

2FV4b.

4'/2

v

~ Figure 3.3.I. Dimensions of single'v' beams.
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1Test |Sample ‘ ) '
Series [No. |- " | W | P | W k
vs  |3Fv3a|10.0" [1a Yarl a V2" [ 7 % |- 20| 3

Figure 3,3.2. Dimensions of single 'v' beorg with steel reinforcemen?.
(2+#3 bars - drea= 0,22 |
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va [10Fv3d | 100" 30' | 7% | aler | a'r | 3/
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Figure 3.3.3. Dimensions of double 'v' beams. —
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Figure 3.3.4 Load-f,).efiection curve
- (mm.) ‘ , -
Co 2.54 508 ' 762 . . Yiole 127
PN L[
| ——2Fv4a F:1.80 kips |
-~ 20 X ——2FV4b F: .80 kips - .
[- % - — —
. = 0 —— AVERAGE 8.89 -
- . F 3 .
v ~~
(-]
Q
o |
* Ioo 4-448/
\..//‘_\ :
' d. | : :
0 710 2.0 30 46 . S0

Deflection (x IO"") inches

" Figure 3.3.5.Load- Deflection curve.
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Figure 3.3.1l. View of '_Beom 3FV3a (At failure)
/ ’ ' .

] -



-53-

. T\ ' ,
Figure 3.3.12. View of testing se_t-u of Beam I10FV3a
: N / '
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Flgure 3.3. |3 View of Beom IOFV3a (At failure of Ieft
v Sechon)

»

Figure 3.3.14. View of Beam 10FV3a (After complete

failure).
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_Figure 3.3.16. View of Beam IOFV3b (At failure of left V-

Section)
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Figure 3.3.18. View of Beam |l FV4b (Atfailure of left _
V-Section) C ' ' Gy
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3.4 Fourth Stage - Single 'v' Beam and Double 'v' Beam

Assemblies with Attached Top Plates

y

‘The fourth stage consisted of testing beams made of (a)
single 'v' element with attached top plate, (b) single"vV
element with top plate aﬁd steel reinforcement at the botﬁqm,
and (c) douﬁlg 'v' elements with attached top plate. The'top

-

plates are made of densite, while the 'v' eléments of apac.

=3

The purpose of these tests was to establish the capac-

ity of each beam assembly and to compare with beams made of

.~ 'v! elements with no top plates.

t\

hIn this stage, test series V6, V7, V8, V9 and V10 were
carried out. Test series V6 represented the testing of beams
5-FV3 and 5aFv3. Each;#eam consisted of a single 'y element
attached with,a~§ inch thick top densit; plate as shown in
Figure 3.4;1. Spots of epoxy were added, 4".apart to beam
5aFV3,,in between the top plate and the top' flanges of the

. . &
v-section. . The overall dimehsions of .both beams were 12'-0"
i 3

- long and 8" deep. (Thefthickness of the asbestos-cement

sheet ‘of the v-section was '3/8 4f an inch. . Beams 6-FV4 and
6aFV4 of test series V7 we;; identical to beams 5-FV3 'and
§aF§3 sespectively with the exéeptidn that the thicknesses
of the asbestos sheets of the v-sections were % inch thick

instead of 3/8" as shown in Figure 3.4.1. 1In test'series'VB,

beams 7-FV4 and 7aFv4 as shown in Figuré 3.4.2, were also
. SO ‘ \

‘idenéibal‘to 5-FV3 and 5aFv3, bnt{their'bottom flanges were

each sfrengthened hith 2#3 bars embedded in eérly strength

2 s Bt tonan

PO N
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portland cement. Only beam 12aFV3 was ﬁestgd in test series
V9. The beam consisted.of two single 'v' elements glued to-
ge*@gr side. by side and coyered with a 4" thick densite

plate as shpwn in'Eigure'3.4.3. Epoxy spofs were algg‘laia

7" apart in between the top flanges of the double 'v' beam
and thg top plate. Beam 13aFv4 of test series V10 was iden-
tical to beam 12aFV4 except that the thickness of the asbestos
‘of the double 'v' section was }" thick’instead of 3/8" as

°Qa§ the case for the latter. Dimensions of beaﬁ i3aFV4 are
shown in Figﬁre 3.4.3. The testing. arrangement is shown in

.

Figure 2.5.1.

k)
13

Test series V6 - single 'v' beams 5-FV3 and 5aFV3 with slab

thicknésses 3/8" ané top plates attached - ‘Beams 5;FV3afailed‘
in tension under a load of 1.555 kips, whereas Seam 5aFvVv3
failed under a slightly higher load of 2..035 kips. Failure of
both beaﬁs was caused by the cracking in tension of the
bottom side of the v-section at midspan while the top plate
‘broké at épproximately one foot on each of the centfeqaé

shown in Figure 3.4.10. The addition of epoxy spots to beam
5aFv3 resulted in‘a élight incréase in'strength as compared‘
.to beam 5FV3. The load-deflection curves are shown in
/;igurei3.4.4.' | '

_ Test series V7 - single 'v' beams 6-FV3 and Gafﬁé‘With slab

_thicknesses 4/8" = 1/2” and top plates\attached-- As in the .
previous test series, failure of beams 6-FV4 and 6aFV4 was

“also caused by the cracking in tension of:the bottom side of

'the v-section at midspan followed by the breaking of the, top ,‘

. !
' - Co \
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plates on each side of the centerline. Beam 6-FV4 failéa
under a load of 2.27 kips as .indicated in Table 3.4.1. ﬁeaﬁ
6aFV4 failed under a higher load of 3.12 kips because of thé
contripution of the epoxy to its overall stréngthu Comparing
thigﬂggsé series to series V2 shows that with the addifion

of a Eép»plate, the beam was able. to sustain é larger load.
The load capacity increased from 1.555 kips to 2.27 kips, or
an increase in strength of 46%. Fiéure 3.4.5 shows the

A

load-deflection curves of both beams.
\

Test 'series V8 - single 'v' beams 7-FV4 and 7aFV4 with top

&
plates and steel bars at the bottom - The behaviour of both

beams 7-FV4 and 7aFV4 under tensile loading was similar to
beam 3-Fv3a. 1In both cases, ‘the beam failed due to the
cracking of the v-section at the bottom and yield of the
steel. The ultimate load for-beam‘7~FV4 was 4.15 kips and
that of beam 7aFV4‘was 3.805 kips. The epoxy sgéts wera,
again regbonsible for the difference in strength: The ldad-

deflectionhcurves of bbth-beams are showt in Figgre 3.4.6.

Test series V9 - double 'v' beam 12aFV3 with top plate

attached - The left v-section of beam 12aFV3 cracked in ten-
sion under a load of 3.5525 kipé, but was still capable of
carrying some load until complete failure occurred aH[; lower
load than initia@ly applied;‘ Total failure of the bkam was
caused by the tearing of 'e éwo v-sections at midspan and
subsequent crashiﬁg of the top p%ate at two locations as
shown in Figure 3.4.18. Beam 12aFV3 failed in a'similér

way to beams 5-FV3 and 5aFV3 of test series V6. It is also
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" noteworthy that beam 12aFV3 and tbe“compafable double 'v' B

beams without top plates of test series’ V5 failed under

almost similar loads.  This indicates,éhaf the top plates”
. ‘iv ” .

. does improve significantly the strength of doupTeé 'v' beams.

~
. The load-deflection curvé is shown in Figure 3,4.7. )

Test series V10 — @ouble 'v' beam 13aFV4 with top plate - o

attached - The sequence of faiiure of beam 13aFV4 was

-

identical to beam 12aFV3 in the previous test serief. The
right v-section was the first to crack under & load of 4.40 )

kips and'was still able to carry more load. Beam 13aFV4

) failed thereafter under a relat{vely small load, as shown
, in Figure 3.4.20.‘)The comparison between beam 13aFv4’
and double 'v' beams-without top plates of test series

V5 proved that the beam capacity is governed b§ tension. .
B .

The load-deflection curve is given. in Figure 3.4.8.
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~ (mm.)

5.08

7.62 10.16

12.7

\

P

. Z85FV3 F:1.55 kips
20 —r—5aFV3 F:{.80 kips "
* — AVERAGE

8.896

1.0

P

]

y Ll’r—”_

(kN)

Z

V/,/’
- /./

4.448

==

. Lo

20
Deflection

., 30 4.0
(x IO-“ inches

Figure 3.4.4 Load-Deflection curve
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Figure 3.4.l1. View of testing set-up of Beam 5aFV3
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' Figure 3.4.18.-View of

s

Beam 24FV3 (At fallure).
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3.5 Fifth Stage - Beams Made of Single 'v' Elements and - ‘*,
' /

Double 'v' Elements Loaded in Floor Plane

Inrthe fifth stage, singlé 'v' beams and double 'v'
beams Qere tested as beams in horizontal plane as shqyg;@n
Figures 3:5.3 and 3:5.4? The purpose of this test series ’
was to establish hor%zontal carryiné\capacity as it may be

"requi;ed to supporting wall between shear walls unde; ﬁoriz-‘ ;
on£a1 force; due to wind, earthquake or flood.

Test series V11, Vliﬁ V13 and V14 were performed in
thisbstage. Test series V1l represented the testiﬁg of ’
§in§1e 'v' beam 8~FV3(a). It measured 10'-0" long aﬂg 73"
deep as shown in Figure 3.5.1 Singie 'v' beams 9-FV3(a)
a;d 9-FV4 (b) were tested in series V121 Each beam was~12:~OP_:
long and 731" deep as indiéated-in Figure 3.5.1. A test va
also performed on double 'v' beam 14-FV3 in test ééries vi3 -
which had a length of 12'-0" and depth of 73"'a5'gig¢n
Figuré 3.5.2 Test series V14 w;; éarried out . b
beams 15-FV3(a) and 15-FY3(b). They both 4sured 12'-0" - . °, .

long and 73" deep as shown in Figure

— A oL B

Vs
All the beam gamples in this staye were tested as ‘ SN

[

simply supported. Each beam was held armly in beggeen tim--

ber formers as shown in Fxgures 3.5. 3

Jd '3.5.4.0 LDa.d/WaS

\ . .
applled on the top of the middle former. In,addltion, some R

samples were restralned at the centre against sxdesway and

torsion by means'of hoxizontal ties.

v

-~

RS B
‘o - . -
.
. | < . R P X ;
. . ’ R , .
‘ B - ‘ B B N
v . . - . .
) 1 ’
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: - ’ e§”t series V1l - s:.ngle 'v! beam 8-FV3a Wlth timber fo mers - )

B;am 8- Fv3a falled under a load of 0.84 klp\s Failure ‘

\ &

: |
i , ocpurred,\yhen the be.am'spllt at mldspan, flu%h with the. ma',ddle‘ .
' ‘ i . ’ ® . . ) .

timbe“l': former. Twisting .of the beam started under a 0.45 kip - ‘

]

load and 1ncreased with 1oad untll failure occurred . -
' The beam failed g’nder both ten51onvi/]torsn.on and as
_"a result, larger deflections were obtained“Gnder small loads

‘as indicated by the load-deflection curve of Fig‘ure\(B._S.S.

Test serieg V12-single 'v' beams °9’—FV4a and 9-FV4b with

A » '
. timber formers - As in the previous te'sjc‘\s;es, beam 9-FVia G

K failed under a combination of tension and -torsion under a -

- load of o.'94 kips. Beam 9;-FV4b and subsequent panels wvere

tested with horizontal ties to prevent twisting of the beams. '

- ) ' The failure of beam 9-FV4b was caused by the tearing of the
. © . (7
- asbestos at the bottom (midspan) under a load of 1.55 kips.

: -
The load-deflection curves of . both beams are shown in

\ \ ’ “ e
Test series V13-double 'v' beam 14-FV3 with timber formers -

Figure 3.5.6.

e

Beam 14-FV4 failed at midspan and..was caused by the cracking

e

—
A ]

in tension of the lower part of the two v=Sections.’ Prior ;to -

e

- failure, the joint between.the two sections o‘pened to approx- '

br

' A imately % of an inch. The fa:Llure load was 2.27 klps.

kY

F{{ure 3.5.7 shows the load‘ deéfflection curve of beam 14-FV3

Test series Vl1d-double beams 15-FV4 (a) and lS-FV4 (h,y\wlth

- timber formers - The sequence of failure was identical for v

both beams. Main cracks on the lower part of the top- < .

-

J
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) DR l., S ow
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v-section were first observed, and at the same time the joint

L}

. between thé two sections starpedgto open, Under increment of
load,. the joint continued to, open until the failure of the

lower part of -both sections.

After the separatioﬁ of the joint, each bane was ‘ .
working separately under the load, resulting in the fhilure
* . ) 1 - . !
“in’ tension of both sections. The failure load for beam -
15-FV4 (a) was 3.21 kips while, beam 15-EV4(b) failed under a
lqﬁer load of 2.975 kips. The load-deflection curves of
both beams are shown in Figure 3.5.8. '
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Fi‘guu 3.5.4. Horizontal loading arrangement
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- Figure 3.5.15. View of testiﬁg set-up of" Beam
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Figure 3.5.17. Views of testing set-up of Beam |5FV4a.
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3.6 Sixth Stage .- Columns Made of 'v' Elemené

s s
In the sixth stage, the capacity of assemblies'working

as columns or walls was established and the advantages of

11 v

epoxy connections ‘were checked. . ' o
] . This stage consisted of one test series V15. It'repre-
sented*the testing of two columns deroted by 4WV4 and 4Wv4a.

- _Each column was made of a single 'v' element and attached to -
. ] I3 . -

a 1" thick densite plate as .shown in Figure 3.6.1. To
. column 4WV4a spots of'epoxy were laid in between ‘the v-saction

and the plate. The dimeneions of botH columns are shown'in

Figure 3.6.1. 'The testing arrangement is shown in Figure |

2.5.2.

~ < ~

Test series VlS-single v' columns 4WV4 and 4WV4a in

N

. “compre551on - Columns 4WV4 and’4wVéa falled under cohpre551ve
N " 3 3 t

.1oads of 63 kips and 55.685 kips respectlvely. The fallure

of 4WV4 was caused by the spllttlng of asbestos at approx-
1mately 3' 3" up from the bottom. Column 4wv4a failed undeg

a lower -load because the top of the v-sectlon*was not flushy

I N *

f%’w1th the plate and as a result, the vertical load, was taken

‘* only by the v-section, 'The column failed at the top of the >

e

*section.

-
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Test Sample | . . .
Series | No. Ho|w | b nlh |t
vis  |awva |10m0" | is¥er| 4l | et | Y2 | V2"
VIS | awvag| 100" | 155" | 4" | & e | V2
% with,s;ots ot epoxy
Figure 3.6.1 Dimensions .of columns
.;ral;lc 3.6.1. Comparison of tntod"imd.colculq'd& results
"‘Sample | Failure . " Colculated
. It c Iyt
‘ . Nc.‘ L {gad” P {psi) load P
P . - ‘ '
‘ 4WV4 63.185 k.. 10,000 54.06
. v i .
. 4Wv4a. 1[55.685k | 8,858 54.06

N
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3. 7 Supplemental Tests - Progertles of Asbestos—Cement

The propertles of "asbestos-cement as specified by

\Atlas Turner Inc., were verified. Tests vere performed on
v P W .o . . . ‘
small samples on a Ttnus Olsen machine at room. temperature

k]

and under norma% laboratory eonditions. .

Tensile Test - The test specimeqp had a "dog bone". conflgura-
¢

tion which usually failsé at the central portlon whete the
stresses are not affected by the grlpplng device. Electric
straln gauges were placed on both sides of the narrow portion
of the sample. The load was applled in equal lncrements untll
failure of the specimen. The resulting stress-strain diagram
| is shown in Figure 3.7.1. The moddlus of elasticity and the
ten511e strength along the flbets were found tO be 1. 75 xlO6
psi and 1900 psi respectlvely, both values are - comparable tof
those\spec1f1ed by Atlas Turner Inc. .

-

.. i
" Rupture Strength Evaluation - In order to eliminate the

influence of strength variability, tests were carried out on.

cut-out sections from roof panels 1-SR5 and‘2—$k5. Three
samples fron each roof panel were used for testing,and each ?
Hsaﬁpleﬂhad‘dimensions'6",x 6“ x 3/8" thick-. The results are"
shown in Table 3.7.1 and the- average rupture stength was

found to be 4.69° klps/ln . "‘

Compressive Strength Evaluationl- Three small samples yere

dht-out ftom each"wall‘panel of test series S5, SG' s7 and¢y
S8 and compre531on tests were conducted on each of them.

Each sample was 6" long by 6" w1de by 3/8" thick. The test

results are tabulated in Tables 3.7.2a andi3.7.2b.4
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étrength of Angle Connector -~ Tests were performed on three

small samples of angle connectors as shown in Tablée 3.7.3,

in order to evaluate the #upture strength. The overall

dimensions of each’sample were 6" x 334" x 3/8" thiék. “Table

° .

.3.7.3 also shows the tests results and the averaée rupture
¢ ¥ . "

strength. :
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be calculated using the proposed new method of. des1gn1ng

p—

CONCLUSIONS

4.1, safe Loading Definition 7 )

Asbestos~cement Structgiii;/lfke‘any other structures;

must be designed to carry load with sufficient safety. Be-

- cause ‘asbestos-cement elements normally have thin walls, the

dead weight is insignificant as compared toVthe live load, .
. " ' .

and therefore, dne load factor S8 = 1.7 can be taken for the
totaf\ioading. However, a sudden collapse mode, should be
considered and an additional factor of safety of 1.35@15
recommended, thus making the safety of asbestos—cement
structures comparable to other structures. Therefore an v
overall factor of safety of (1.7 x 1.35) 2.25 is regommended

for a controlled condition of erection (factory) and a
higher factor of safety or‘2.5 should be considered for

)

structures erected on site. Additional load factor should

i

"~ be con51dened for screws and structures which are exposed

to humidity and 1A?reased water content. Calculated values
of safe load capacity for structures tested in this Jproject

are shown in Tables 4.1 and 4.2. ) W .
[}

4.2 Proposed Design Procedure 2 PR SECEE 4

'4.2.1 Flexural Members o o

Test results demonstrate that the flexural strength may

-

!
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o
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P ' , -

2 f .

o

-

' . /’\\ -asbestos-cement structures, Comparison of tested and calcu-
4 '

LN

: lated results are shown in Table 4,1. As it can be seen, the

. *®
5 J panels tested have élmos; the same strength as calculated,

Y L

. -+ except for some exceptions. Results of beams tested in a

3 L
‘ A
}\~r horizontal plane are not included in the comparisons.
' 4.2,2 Compression Members ¢
,\:, Lo Panels tested in compression revealed strengths close
\ - - .
tovtge cajculated value§‘accordipg to present ACI practice
, , -t ', for wall design (ACI 381-83). The results are compared in
L ' 2
r Tablg 4.2 and safe loading values for tested compression
. - pembéfs are also included.
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Table 4.|. Comparison of tested and calculated results and allowable loads

9

Tt | s [ et arara
series No. | (kips) | (kips) Peal. "/ﬁ '%12
53| 32 |Zsme| zoms| 338 | or | O | 0080
HE IR RIS
AR 4T
V2| arvan| vass | i17e | o.ar| Ol
v3 | 3Fvaa| 2740 2414 | 114 | o227
o [ ~
f v [ e e o
R
§ | vo | smva| tago| L7r | vor | O
Y7 | wva 5120l 227 | ieo | O
V8| 7efva | 3008|2934 133 027
ve | 12aFv3| 37825 3585| 1.07 | 0260
” VIO | I3aFV4| 4.400| 4.50 | &:98 | 0.300.
T~
. -

Toble42. Componson of tes!ed and colculated results and ollowable 100ads .

COMPRESSION

Test | s | Failure ‘[Calculated Ptested Allo wable -
Type | o “""p‘ load ‘P’ | load ‘P’ / load ;
- Jenes No. | .(kips) | (kips) Poall . Uxips)
wall 'S6 | 6SW6. | 63.00/ 5448 . 1.16. 25,
s8.| asws | 3750| 3L00 | I. 2l .
' " aWva | . 63185 84.06 | 11T | . L4
| Columns | VIS | Zwvae| ~ssees| 54.06-| I1.03 24
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' 'CHAPTER 5 '
' PROPOSED DESIGN PROCEDURE FOR
ASBESTOS~CEMENT STRUCTURES
. - . * ’ L] 4.)'
5.1 Flexural Strength . e
‘3 ) Present practlce of calculating flekural strength of
N
asbestos-cement beams is based on an assumption of'stress
o7 .
. distribution“as shown.in Figure 5.1. It is assumed that the
ccncentrated compressive, force acts at the top of the beam

.-
0

r

some ‘sections,

~ .with tests,

'and that the ten31le stesses are as3umed to follow a, trl-

angular dlstrlbutlon. The section fails when the maxlmum

x

tensile stress f_'is reached at the bottom,

also called the
rupture strength (1) (5). e "

, R . . N
.
o

| ] Tt .
¢ + l ! A‘, - [ T "J ,‘
| ‘ SRR " S S
(a) section T (b) sfresses \:3 .
- . 1’. ‘~ .. ') N i ’ )
 Figure 5.1. Stresses; at failure. . . ‘ .
’ .“’ . . . . ‘ , . B . -

+In spite of the fact thag/sqch.calculatiOn4giVes for
as ‘indicated in Appendix A, results comparable’

>

it does not confirm the trGie behaviour of .

X

. deformations as can be seen from the stress-strain .curve in
. A L "' .

.
¢ " .
: Flgure 3'0 7 . l- . P s :
- » v
\ o
. N '/ ~
1 ‘ .
° ' 1 " -
:
LY ; “ " ! @ 2
. - .
. ! N A 0
. Wt R

asbestos-cement which under higher strééé»demonstrates‘plastic
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" A'new method has been adopted here, similar to that
used for reinforced concrete (2). This method is based on:
éésumption of a simplified rectangulaf stress block in the

- - " tension zone as ‘shown in'Figure 5.2. This assumption is

]

“ae

baseéﬂon'obsérvation that prior to failure the bottom ex~

tréme fibers of the section areé under elastoplastic stress-:

v

ﬁ&q'}_' . strain behavior. The stress diagray in the tension zone

?: can be approximated by a rectangular distribution at the
“final stage as it is done in the analysis of concrete’ o
structures. . - . ... ' ' 4

2

Generalized I~ shaped section is shown in Figure 5. ZXa)i

The strain dlstrlbutlon is shown in Flgure 5.2( b)}gnd the

»

stress block at cracklng fallure can be conSLdered as shown

!
] -

e ‘ in Flgure 5.2(c);l - . . o )
- 10 v A ' ) B ’
Y . X " < »,k . ;“‘
—~ R
! \ - "" !
T . NAsTs
! : f, .
i . A c o s ¢ : cc ~ T
~ . 4 ] -d. N ...._c_c. i ' , . ‘ ) . * BT
- t I - et L
@n;;{éulmdﬁ - ’ = AN
b x
h 2% . .
he G/ :
. 4. : 0.00018 |/, '
- ) -t - .o A' 4 E“ I I 'E
; " fy+ 4350psi §
i . * ‘ » : . , ;'
¢ . (o) Section " {b)Strains (¢) Strisses

\

Figure 5.2. Strains and Stresses at failure.:’




equil
=

where

-los- ‘
, P > L .
" where ) . ¥
fcc’: compressive stress of top fibers ‘ - P i B
f's:: strength- in steel in the compression zone .
E ;_moauius of elasticity of asbestos—qeqeqt;' |
' in compression . _ - :
] Eoe : modulus of elasticity of asbestaé-éement
T - rin tension v, o : . o ‘
fr : approxiﬁaté rupture strgngth ) .

¢
n : modular ratio (Es/Ec)"

. - . . .
» g , .
.

Location of neutral axis can be established from the -

v

ibrium of tension a#d compression forces ! x

C-T-To‘ ] . : ’ . ' ) . r‘“cb

-+, bx! ; : ; o
J ! —— - - - - =

nA‘sfs'réA’cfcifh‘z ch’ b (h=x)fy - bAEo = Agfg=0 (1)

) .

Yoo

<

..

x o~ hgigh€’of compression zone . -

h- . : total heﬁght of section’ 2 '
to ° ulti@ate tensile uniaxial.s#fength of I %i
.~ asbestos-cement ?'

£ : 4350 psi, assuming that strain in tension ;

. ' RN

is 0.00015 L - : y | o ;
MA' : ‘area of concrete in compression in excess o -3
of:bésic.rectangular bh- '
S0A arga,of concrete in temsion in.exéeéé‘pf :

: - ]
.basic rectangular bh - -

area.of steel in compression zone

o

A area of steel in tension zone.




\

where

P , -106-._

(2)

(3)

Ve
Stressés_i& the compression zone can be caléﬁxated-as:
1 _ . . \'\
= (X i
foe =-2%0 (h-x} .
. - x_dll) .
£ s 2nfto (h-x .=

Substituting equations (2) and (3) in equation. (1) gives

thg value of x.

The flexural cracking moment can be expressed as:

2 af 2 | =
Mor = $fgobh” (B + By = Iy, ;6;)

p; 1 Y‘,‘”c i 1-2¢, 1 1+ 29,
2 1+2\pc '6(l+2wc) 6 24-2wc /
Y.wc 1 : AR
B=1- T2y - 3(TF29)) T

¢ @ capacity reduction factor - should be taken

as 0.?, as for -flexural concrete eiementé.
g t

. 1 '
AR c 4"1'1”1-&‘s
" bh.

7

==c;éfficient'6f'strenéthening of section in

N . . 4. - :
compression in excess of basic rectangular bh. .

] _ AL, tA L,
’t bhf,

-

W

"= coefficient of strengthening of ‘section in R

tension. in excess of basic rectangular bh.

~
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values of coefficients A and'B can ‘also be taken from

Table 5.15‘“For beam with no steel reinforcement,

»

This method‘may be uSed‘té calculate the‘flexural:\\g
'cracking strength of any sgctioﬁ. The flexural crédcking '
stfengths of panels made of S-shape and Vhshapeg sections

tested were calculated using eqﬁation'(4). The égnels cross- -
'sections were’feplaced by equivalént cross-section of I-beams;ﬁ

with samé‘peights.' The wiéths and thickﬁesse; of,f1anges of'\‘ .
I-beams were taken as équél to panels' widths and‘thiéknesses \\
:eséectively. |

\7

The widths of webs were taken as the sum of =~
all panels webs as shown in Figure .5.3.

o

{a) Tﬁu section ' ’ (b)'Equivolm section - '
ot ‘

Figure 5.3. Equivalent section.. .

e e S el st
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1

eloge o
/ . . 4
Equatlon (4) was used to calculate the flexural
strengths of asbestos-cement samples with acd w1thout rein-
fcrcement. The computed values as can be seen in Tables of
Results are very close to test results. Tcerefore, the
method deécribed‘may be safely'recoﬁmended ;6 éesign practice.

for asbestos-cement section df'any shape‘ Detailed calcula-

tions are shown in Appendix al

<

- . \ 3
5.2 Compressive Strength * ' _ ¥

«

Test results demonstrdte that stréngth of asbestos- |
cement structures such as walls or columns'sﬁbjected to com-
pression can be calcuated using American Concrete Inetituﬁe

(ACI) practice for walls and the Empirical Equation (14-1)

of Section 14.2.3.0of ACI-1983 Code of Praceice:(3)=’

= . ' - ; 2 ‘ . (5

By = 0-55 08" A L [L < (k1 /320) ] s
P, : factored vertical Load on wall R )
s ! ‘?'.. ' N ' . ’
f'c : specified compressive Strength of - = R

asbéstos-cement I o
. 3 ‘ -
\~' -‘Ag :'cross sectlonal area

l\ % A ' ¢
i 1y/h : height to thlckness ratio of the wall,u

B

lé/32h should be considered for overall columh strength

Ltakingnlc as described and local strength between screws.'

e

Equatlon (5) was used to calculate the capacxty of

asbestos-cement walls tested. Detalled calculatlons are also-

-

shown in Appendlx A. e

A e sk R
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. under compression are known as columns or walls.

l factor labelled S

~110~-

4

5.3 Determination of Safe Service Load

The previous sections elaborated on a desrgn procedure
whlch estlmated ultimate or failure capacities of structural
elements made of.asbestos-cement. The elements when work-
ing,in flexure are known as beams apd floors, whereas those

-

The determ}nation of the factor of safety, also known
as 'the load factor,*comes prior tg.the establishment of safe
service load levels.. ‘Buildiné codes normally prescribe
differentlloed factors for dead ané live loads, together with

N

'various_load combinations. For example, concrete structures
usually‘heve\a 1.4 factor attributed to the dead load where-—
as for live loads, a 1.7 factor 'is used. 1In ¢onsequence,

when we consider that in the'case of asbestos-cement eléments

Wthh normally have thln walls, the structural eIément dead

weight is 1nSLgn1f1cant compared w1th§the 1mposed llve 1oad

and therefore it is proposed to assume one- constant leoad

l-with a value of 1.7 for all loads (dead
and live). . |

However, asbestos-cement. structures are subject to

‘sudden cracking and simultaneous collapse. Unlike asbestos-'

‘cement, cracklng of normal relnforced concrete. structure is

¢

a consequence of the steel having ylelded and even though
full collapse has not yet occurred and the steel not yet
ruptured the structure may be considered as non—serv1ceable.

v
el

o




©  strating’ large plastic deformations before failure, it is -

_proposed:

increased water content. Information in this respect should

factor of safety should be consiaered for connections as _ 7

. recommended by PCI (Prestressea Concrete Institgﬁei(4l.

-111-

In order to put safety-wise asbestos-cement structures - -

into parity with other structures made of matgriais demon-

* proposed to consider additional factor of safety's2 = 1.35.

Thus it is‘proposed to considgr overall factor of safety ' <y

for asbestos—cement. . o

S = (Sl X SZ) = (1.7 x 1.35) = 2.25

or more conservatively S = 2.5 for structure erectéd on site

»

.in condition where adequate technical supervision is not ' o

available.
Consequently, the following desigﬂ procedﬁie ié
! 1. Establish design léads; N
Z.D Multiply design load by facto; S = 2.25 fdr
'structufeé produced in'conyrol tondition or ;
S = 2.5 for structures erected.on site in o&pér
to establish ultimate loads. . -
3.. Désign'sfructuré using formulae for ﬁ;fimate
capaciéy. ’ .
The above procedure is valid for structures working. in

dry conditions and additional load factor should be consid-

ered for structures which are exposed to Humidity and

»

be obtained from asbestos-cement producer. An additional

at’
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' APPENDIX A o e
’ ‘ A-1 ROOF PANEL STRENGTH , =
Roof Panels.l-SR6.& 2-SR6 \ .
. ' ‘ - . .
-1 59- . . Lo 3y 59: 9 _l e )
/8“‘_ / » | s -
| ~ NN i I 1 . : \f
. ' Gu 3/8" [ 6Ii o " ‘
L 46" : 46" _' .
I « f] .“ 3
Moy = £, gbh? [A+B Ve - L wﬁqi] o e ’
3 t‘ ".\ ’ / . i ( -
AA' 2 x 28.94 x 3/8 T
- = - . ' - .
Yo = m Vg x 6. '.:.3.2‘1‘5 } t'/n = 3/g = 0.0625
[o.0625 x 3.215] [1-.@x3.2157 ] 1 [1+@%x3.2159] %
Ao=d-gy, 2 x3.215" |6(L+2x3.215) | © |2% (2x3.219) o
= 0.463 ' ' © ' ‘N
» ' ‘ + . \} N
0.0625 x 3.215- L ) ”
B =l-li+ @x3.a9 [ [0+zxzm | =098 -
2 x 22.4375 x 3/g ' T
‘ = = 2.493. , ¢ ..
wts - g%ﬂ - [9/8 X b J 93 ‘ R . .
_aad, 2 x 22.4375 x 3/g X 3/16 ‘ ) ' -
ngtisi— mz = 9/8 x (6)2 v = 0.0779 . . .
s, =9 (6)2 [0.4653 +0.9281 (2:493) - 9.0779]: 109. 3967

ol

L

¢

- @.29 bfmz_]: Eo.zg)@(s/s) (26) 42+ (0.29) (3/g) (40)2]= 321.03

"

&
if
[ s TEE S s

—— . - —t—
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o
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-
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P
'
2
.
o
-
b
[ 9
] -
a

.y . T2 s o oL

Cow

- e
g
I

CeiSi T 2

SN
- ’ -114-
| f 1650 O
= t0 _deso |
- 1 . Sine0Y  0.0118387 139,373.41
109.3967 - 321.03 L
p - Ax My _ AXILEL | g ygpg -
T L T 11,67 :
* Roof Panel .1-SRS ) ‘
' b ,~
~45Il v

-F1cu‘J>‘
@ |
]

, T
A VR X SRR o

* Mer -ftobh A+B¢t-—wtl6:l

9/8 X3
2 3 22.4375 x 3/g]| .
= 9/ % 5 = 2.991'?

t' . Lo, . F

BEENN 2 x 22.4375 x 3/q s
. o=c, ) .
Yo = b LS I; o ]: 2‘.9917 .
sA
bh

<
1]
]
o
»
o
~J
(€]

ARy

) x 22.4375 x 3/3 % 3/16 '
(9/8) (5) = 0.1122

'L/z//—\
AvLﬁ

»
|

-0.4593

 Towomsx2.9017 |° . 1 L :
B o=1- |14+ x2997 |  |30+2x2907| - 0901
m& ‘ Q
3 ' 1

0.075 x 209917 | [1 - 2(2.9917) 1 [+ x2.90171] 2
“i- s @x2.90n| T |6+ 2 %2907 & |20 x 2.9917)

-



L 11.67

N , .
-115-
s, = (9/p)(5)2 [0.4593 +~0.9201(2.9gi7) - o.ilzz:|= §7.18
3 | |
Sy ~ ZE 29bh2] [0 29) (3/8) (262) + (0.29) (3/g) (262) + (0.29) (3/g) (40)]
= 321.03 o
o fy 1650 e
Yor = ST 60°  0.014168 .~ 116+459.2 He-in= 9.70 fe-keips
87.18 + 321.03
' Moy 4x 9.7 l ‘ S
P.=" = = 3.32 kips

Roof Panel 2-SR5

l—_‘. 59‘ ! ‘ . L . ) 5&.
. | 3
l ) - © _1‘ ] . r 8 )
A N W W r L w*hl— T
s . " 3 " 9 o [
| : I" j_l
- My T fto ?hZ I:A + Bp;: "-Z‘PtiGiJ
A_Ala x 28.94 x 3/p
Ve T [ 9/ % 5 = 3.8587
o= = 0.075

h 5

o 2 x 22.4375 x 3/ S
b= i [ :| = 2.9917 |

t 7 b 9/g X 5
. O omd,  |2x%22.4375 % 3/g % 3/4¢
Wl = 2 T | 95 x (5)2 = oz




\ S 116~ L ‘ ” ' g
- | 0.075 x,3.8587 1- 2x3.8587) | 1 | 1+(>x3.8587) | * |
FE- 14 2x3.8587) |7 | 6(L+2x 3.8587)| ® | 2+(2x3.8587) |-

0.4611

B
]

-~ . - - -~

0.075 x 3.8587 o~ 7
=17 14+ (2x3.8587)| T | 3(1+2x3.8587) | " ©-9286

9/g(5)2 ‘[0.;1611 + 0.9286(2.9917) -.0.1122] = 87.9467

Lvy)
[}

n
n

&

EE 29bh2] [0 29) (3/8) (2-’(5)2 + (0 29), (3/3) (26)2 + (0. 29) (3/8) (40)2]
321 03

fe0 1650

Mer = , sin60°] = 0.014068
. 87, 46 .

= '117,287.46 1b~in'= 9.77 k-ft

~

* 31003
® s '
Mor 4 (9.77 x4 s . . ,u’
L = 11.67 | = 3,35 kips . .

¢
"

s -
A-2 EEAM STRENGTH - . .

o

Beam Panels 1FV3 (a & b)

. I/p ..

— /-

8.15"

ho= T T/ = BT o o

:  AA' 2 x 1.875 x 3 ' CY
LA, —7-7-——Zﬂ - 0,2301 !
Yo = [.34815) ] ,
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3 =t/ - [3/8/8.15:] = 0.046

0.046 x 0.2301] 11-(2 x 0.2301) 1 | 1+(2x0.2301) 2
=%~ 1+(2 x 0.2301) |~ |6(1 4+ 2 x 0.2301) | ~ & |2+(2x0.2301)
3 " . . ~

oY
i

0.3724 .

 .[o.046 x a,2301] - 10
B =l= l@2xo0.2300) | [3+2 x0.320n] = 07643

¢

p¢ = 0.2301

Yridi =

AAAN "2 x1.875 x 3/8 % 3/16 '
w2 C 3(8.15)2 ~ = 0.00529

-

Mg T 1800x 0.75 x (8.15)2 [0.3724 + 0.7645(0.2301) - 0.00529_.—_]

)

]

48.69 in kips

. '&‘. .
Moy ® 4, P T 1.68 kips

Failure load = 1.68 kips T

Beams 2~FV4 (a & b)

|4:I/2‘.. . o .4|/2..

N j—]L-——w-;
I/2" 4'

/1 " - VZ" '
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i, 2 1
Moy = fiq bh [A+B “’t‘”’ti‘si]
~ .
AA' ~ 2x1.75x %
Vo = Lh = 1 x 8.15 = 0.2147

= t'/h - 5/8.15 " = 0.0613‘5

Y
0.06135 x 0.2147 1-(2 x 0.2147) . 1 1+(2x0.2147) |-~
A =d-0,, (2 x0.2147) | ~ 6(1 +2x0.2147) | ° 8§ 2+(z_xo.2147) .
= 0.3666
0.06135 x 0.2147 1 o
B Sl- 114 (2x0.2140| ~ |31+ 2x 0.2147) | =0-7576

]

wt = = 0.2147

- 2x1.75xyx3| _ , ’
| wtlsl L% (8. 15)2 = 0.00659 "

Mcr = 1800 x x (8. 15)2 I:O 3666 + 0.7576(0.2147) - 0. 00659]
‘ | = 62.49 in kips

(\L / [62.49 x4
Failure \load P = . 140

Beam 3-FV3a

1.79 kips

144" ;

815"

' .o
B 4
O U
. ! Y e e e Y
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1

Mcr=

Ve

= '/ = [3/8 /8.15] = 0.046

2 . - : '
ftobh [A"I’ Byg =L wti‘si:l

o _ [2x1875xyp
b~ | 3x8.15 ' 0.230

0.046 x 0.2301 1 - (2 x0.2301) ‘ 1 1+4(2x0.2301) 2 )
T 1+ (2%0.2301) |~ |6(L 4 2 x 0.2301){ 6 | 24(2x0.2301) oo

A=
=0.3724 , | \\
: 0.046 x 0.2301] 1 - ”
Bel-l1y (2%0.2301) | ~ | 3(1+2x0.2301) = 0.7645
AB: énﬂc AE 2 x 1.875 x 3/3] [10 x 300
Ye= | tn tobhe, 1 bhfeo = |tx8.15 12 x 8.15 x 1800
+ [Q:22 x 4350 = 0.5897
3 x 8.15 x 1800 »
- .

4

% h4350)di Ac(300)ch | . Lo

Dheibi = |py? Bl f tbn? £rp

Mer T

i

2 x 1.875 x 3/g % 3/10 4[0:22 x 4af5) x 1 4|10 % 300 x 1 Jo
1 ix(sw) . 13 x (8.13)2 x 1800 ix(amﬂxlwo'

0.04942

1800 x 3 x (8.15)? {jo.3724 +.0.7645(0.5897) - 0:0494g] =70 in kips

.
Te

70 x 4

Failure load P =‘ 116 = 2.414 kips




. 120~
*Beams SFV3 & 5aFV3

3.
|54 ,_,

”\rf

h = 8/sm72 = 8.412"

»

Moy = ftobhz’[A +Byg - Zwt‘isi]

|84

Ve *® h (3 x 8.412)

P

g [(2}: 7.375 x ) + (2 x 2.25 x

v == [*/8.412] 0.0594

0.0594 x 1.436 1-(2 x 1.436)

AR3- 1 40 x1.436) |7 [6(142 x 1.436)
0.4533

.0.0594 x 1.436 1 '

L= i x1.436) |~ | 3(1+2 x 1.436)

-..u A, Ijz x 1.875 x 3/8:] ": 0.2229

1

w
1

Yt = pn 3 x 8.412
, MAdy . [2%1.878 x 3/g x 316
Teidi = 2 | 7 x (8.412)2 400"

Mo = 1800°x § x (8.412)2 E).sm + 0.8919(0.

61.82x 4 .
140

Failure load P = 1.77 kips

3/g) L '
1.436 - S .

1] 142 x 1.436) 2 gy
E 24(2 x 1.436) | o
4
= 0.8919
= 0.00497

2229) - o.oo497]-= 61.82 ip kips:

’
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. Beams 6FV4 & 6aFvd

——t
2/a".
e
@
‘ AA" (2x7375x})+(2x225x§) ‘
e -
Ve ¥ '[ (1 % 8.413) ] 1.144

; = ' = [}/8.412] - “0.0594

- '

: 0.0504 x 1144 ] 1= @@x1.140) | ; [L+ (2114972
T 1+ @xL 144) | 716 x (142 x 1.44) |7 8 |2 + (2x1.140)

0.594 x 1.144 |- 1. o
‘B = l- i 2x114e) 7|30+ 2x11a9 | " 08P

(Y

b 1 x 8.412
. g [2xl75%xixi| '
z l’.!tisi - mz = 1 x (8.412)2' - 0-00619

Mcr = 1800 x 1 x (8.412)2 [0.4466 # 0.8779(0.2080) - oi'oo‘619] =79

. AR 2x 1.75 xli
Ve T '[ ]=02080

.35 in kips

Failure load = 2:35%x4

= 2.27 kips
140

Yo
o

.
e

e



-

_ Beams 7FV4 & 7aFV4

- sYer |

= f,.bh? [A+B ¢y - L ¢p;64
r to & A t tifi

bh . (1 x 8.412)

v= Y/h= Y5412 = 0,05

YA [(2 x 7.375'x )+ (2 x 2.25 x 55}.-
Vo= L=

o 0.059 x 1.144 |- |L.- (2 x 1.144)
A= 3711+ 2x1.244)] " |6(L+2x 1.144)

= 0.4466
0.059 x 1.144 |° |__~ 1

B= 111+ ex1.140|7 |30 +2x1.149

vy = + +

£t~ | oh ¥ pnf, *opnr

[2 x 1.75 x ij . [o.'zz x 4350

1 x 8.412 1 x 8.412 k 1800

Ag(4350)dg  Ag (300@] ,,
e

4
|
]

842"t

1 14(2x 1
T B +4@2x1

n

N

v

= 0.8779

8.75.x 300

.144) | -2
.144)

il

X 8.412 x 1800

. [2:&.75@:{3} 4 |0-22x4350%0.875

1x(8,412)2 | | 1x(8.412)%x180
) X
- \

/.
T

J_= 0.4446.

.75(300) 0. 875 }'L_- 0..0308

N

. |8
o} l;xte.m)leaop‘




" Failure load P =

,
oL
et '

-123- :

102.68 X 4. = 5 934 kipe

140 -
Seam TVia b )
Al -
'—2/4 o o ' . — 3I/2 “
v
RIS N B ,
-l
1 ’ . —3'/2" '
length = 116", E’[faiiure]: 0.89 kips [
= I _[(o .89) . 67)} - 2151 fekips o . ’
AAG' T Afg =E(3/é x 8.25) = (V8 x 3@ = 1,875 in2
WC: o =%378'£75W =0-32258 ‘A‘ " ' .. ! |
ERTE %.3 = 0.32258 ;
(1.875) (3.5) | - . | - A ,
' Z llltlts [Wyg;‘] = 0.‘07284 | . -
y ﬁ—' = %-?—f 0.02419 o o,
. . g

G ’ 75 ’ ‘ ) -
M= 180((:&\(85412)2 [o 4466 + 0. 8779(0 4466) - 0. 0308_] = 102.68 in kips-
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-1

‘ [(0.02419)"(0;322587| -‘[1-2 (0.32258) 1 . l[l+(0.32258)2} 2 . EK'“
Az - -
) S

1+2(0.32258) | | " [6(1#00.32258)2)| T &| 2+(0.32258)2
' >, ‘N S
= 0.39484
| (0.02419) (0.32258) | . 1 B ‘
"BEL =014 200.32058) | 7|3 +6(0.32258) | 0 0-79264.

Ll

2.151'x' 12 = £ (3/p) (155)2|}o.394a4 + 032258(0.79264) - 0.07284ﬂ |
. \ @ Y . !

' 2-151 X‘lz P . Lt ) ) " ‘.
o 52.046 496 ksi = 496 psi .

For* fto = 1650 1?51. ’

- . - 4 x 7.156 | .
Mr = 1650(52.046) = 85,875.9,lbin = 7.156 ft-kips = P = [‘—7“"‘9 p J= 2.96 kK
© N . . Jﬁ .
Beanis 9FV4 (a & b) . : : SR
’ . - ‘ ) 1m0
- ‘ . s —3/2"
- 7 - : .
-‘ .
“ 71
? Wfmtt - . .
1572
|5|/2'. *--'/2"
N , & .
—1 , . i

7a" | o« L3

Length = 140" = 11.67'; P[failure]= 0.94 K * .
PL (0.94) (11.67) ¢ L
Mcr = 4 = 4 = 2.742 ft-kips . - . . }.". ’ \/<\

4 \
. . o
By \ b

- “n
.
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.
. lh'.

il i
) L - o ‘
LY
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2o 2
8R!’ AAc = 1.875 in . .
. ;E [ ] " . ‘ '
Ve 5 g - 0.32258
T = 0.32258 4 g ~
’ Y ’ n . "
AT 0.07284 o o Tt )
t" \ ™
.y == =0.02419 .
X | h \ R
A =0.39484;, B'= 0:79264 °

hY

o7

2.742°x 12 = £, (3/g) (155)2E0.39484 + 0.32258(0.79264) -

d 0

2.742 % 12 ) ~
£, = |Too e | = 0.632 Ksi = 632 psi -

to ~ | 52.046 '
And for £ = 1650 £>si.,' ) )

; :Mcr = 616%0) (52.046) = 85,875.9 Lo-in = 7.1563 ft-kipe
S EEC LIRS

' Beams 10FV3 (a & b)’ ‘ |

0.07284):]

.
]
- ° FA
a -
)
4
O
M
2
13
.
!
'
- . :
}
- H
1
1Y . 3
]
E
A)
i
&
;
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Mer = g bh| & %-B b - L wtiéi

M, 12x4x3/g] i
Y%¢® ph * 3 x8.15 |~ 0.2454

]
.
¢ -

SV S ‘
y=g = V84,5 =0.046 o _ . )

0.046.x 0.2454 - | [1- (2x70:2459) ] ‘[L+ @2 x0.245) % . * "
Amd=ll s @x0.2450) | 7 |6(1+2x0.2450) | |2 + (2 x 0.2454)

t . o
= 0.3758. B _ .
n . Y N
0.046 x 0.2454 1 o . , .
B ;‘1 Tl1+ 2x0.2480) | T |31+ 2 x 0,2454) | = 0-7688 ‘ |
) ~ « . . i
_ ag [m@xs/s] ‘ L
e T = = 0.2301 : ; _
‘t bh 13 x 8.15 . -
: " o
2x3.75 x3/gx 3¢ - ° £
VL6 S 2 T | 1 x (8.15)2 = 0.0g529 .

4+

. A Y

~= 2’ - ‘ - = : i n=k1i
Mcr lm’x 13-x (8.15) [-0.3758 + 0.7688(0.2391). 0.00529{’ = 98.2 in-kips

" Failure load—= |28:2x4 | 3.4 kips . - : |
g s | 116 \ ‘

A

Beams 11FV4 (a & b) ° , ~ )
- . . . R ' (' ' . / “ ]

. vy
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\

’ M_ = f_ bh® A-rBwt-iupéiai:'_

/ S : Y

g
oo . -127-

-

n
22

2 x 7.886

¢ _ ¥7.886 = 0.063

BA'.  [2x 3.75 x &" R ?
= | = 0.2378 S

\

. 7

0.0634 x 0.2378 1 - (2 x 0.2378) . 12 x 0.2378 2
AZ 3= |1+ 2x0.2378) | T|6(1+2x0.2378) | B |2#(2x0.2378)

0.3713

J

o

/ . )

. 10.0634 x 0.2378 | 1 - L - ~ (
B=l- 11+ @x0.237m) ~|30+2x0.2378) | 0.7634 -

| |
83, [2x3.5x{
H'l =

2 x 7.886

<

b T

0.2219

s

o
» . o . . ~

5 = bh

' Ay | 2x3.5x% x1}
T ¥ 2. = p

ti 2 x (7.686)
M_ = 1800 x 2 x (7.886)% [ 0.3713 4
" 696" [ 0,372

Failure load = l:-—-———————llg'“s x4
140

EAY

LY

Beam 12aFV3

4
t

] = 3.414 kips.

} = 0.00704 %§§;
. \

4
0,7634(0.2219) - 6.00704)]

Y = 119.475 in-kips..

-~
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Mcr=f . [A-rawt “‘ui_-I - .

3 [(2;:1450::3)+(2x225x3/g)+(2x175x3/3)]
’bc- bh

(13 x 8.412)
' ! : = e '
= T0.0594 x 1.387 1- (2 x 1.387) 2% 1.387 2
A= 1= 2 x138n | Fleus2x 1.387) | ~ §|2+(2 x 1.38%
v ' f 3
= 0.4524 T
[0.0594 x 1.387] 1 6/
B 1o | 142x1.387 | 7|30 +2x1.380 | T -8898
AA 2 x 3.75 x 3/a o -
- - _ .
\wt.'bh -'[ 1§ x 8.412 ] =. 0.2229 .0 .
-, o ' N B M 4
AAdy 2 x 3.75 x 3/g X 3/1¢g ' ‘
T = 2 = | 11 x (8.412)° = 0.00437

Mor = 1800 x 13 3 (8.412)2[ 0.4524 + 0,8898(0.2229) - 0.00497)]

= 123.38 i ;
' > 1 I
: 8 \ ’ N K
Failure load = 22338 X4 & 355 kipg, -
w0 ,

" Beam 13aFVY{ .

) 32“ ) !
2, z.'@:
I iy I l
V2 | bz 420
a¥e| | 42"
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N . N / M -
- 5 )
Mo ftom.l:.A+§wt - ”’ti‘si:l

oy [@xMxd)+(@xZ.25x3) 4 @x1.5x3)
Vo= =L 0 (2 % 8.412) : ‘

¢ "

=1

]

= 38,4120 = 0.0594

o

<
[ ]
al

.055

‘ . 08594 x 1.055 | [1= (2 x 1.055)] -, [1#(2 x 1.055
AT - 251,059 T |62 x 1.055)J T ®| 24(2 x 1.055

4

0.4439

. .[0.059 x 1.055 | i -
» o+ BE 1- i+(2 x 1,055) | 7 3(142 x 1.059) = 0.8727

"’ [2x3.5x3
V¢ pn T | 2x-g.412 | 5 0-2080
. e _

- Mody  [2x35xix} -
Ty = w2 T 2x a2 | = 0-00618

My = 1800 % 2 x (8.4’12)2.[0.4439 + 0.8727(0.2080) - o.noslsil'
= 157.75 in-kips : . o
, . Failure load = 21P X4 = 45 pips,
: 140
N
b \
¥
LY ‘
A

) 2
) s .
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. (a) Overall -stability -

A 4
\‘ A ' -130-

A-3 WALL AND COLUMN STRENCTHS

Wall 5SWs

. 2
A =27 in
q l

»

-

v

Py = 0.55:¢ A5 f'c [ (kl°/32h):|

®

= 0.55 x 0.7 x 27 x 8600 [1,- (
© =54.48 kips '

(b) Local buckling

e Dlstance between screws = 24"

0.55x§).7x27x8600[1—(

]

. =32.18 kips (governs)
Wall 65W6

(a)’ Overall st"ab&TiQ | |

Ag =27 in?

Py = 0.55 ¢ Ag £'c [1'- (gch)' 2]
= 0.55 x 0.7 x 27 X aedo[ 1~ (

= 54.48 kips (governs)/

) Local buckling

| Distance between ‘screws = 12
© Py =0.55x 0.7 x 27 x 8600 [1 - (

"t =75.00 kips eh

" By =0.55 @ Ay E'c [ 3%/ 32m) ] |
: | 0.8 x 12, 2],

120 )
32x6

32 x 3y

120 )2] )

32x6

© 0.8x%6 {)2
32 x3/g




Walls 7SW5.and 8SWS

(a) Overall stability

\ A =26 in?

g .

: k1
Py=0.5 A flc [1 - G

-131-

2
120 )z}-' -

=0.55x%x 0.7 x 26 x 8600 [’1 - GyE

e = 37.66 kips

.,(b) Localbucklmg *

-

P, = 0.55 x,0.7 X 26 x.

=31 kip% (governs)

© " Columns 4WV4 and 4wvda

Ag=l9in2

Py = o..;ss 9 Ay ‘f'-c~ l:

= 0.55 x 0.7 x'19 x
7x

- = 54,06 kips.
o
O

Distance between screws = 24"

« 0.8x 12 2

By

1- &e 2]
32h 2

120-x_0.8 .
8600 [1 (—%—B-)} ‘
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¥ |
‘ %
Failure .Present Prdposed s
Sample | [odd practice | method N 4 ‘
(kips) fr (psi) | Yo (psi) , 4
IFV3a 1.555 1500 1670
IFV3b | 1.555 1500 1670 a
. ) \ S
. o
-l o
"3FV3a. | 2.74 1597 .1968 N =
| <! g
O o
o 4 S
5FV3 1.555 1697 . | 1588 = o
" "
‘ : : X e
5¢FV3 - | 1.80 ' | 1966 1830 © o
. E Q
7 w
: = =
IOFV3a 3.7825% 1826 1975 0 (7
. 5 g
. 0 >
IOFV3b 3.75 1810 1958 4 -
. E a /
\ . . (1 4 /
|1128FV3 | 37825 | 2577 193} Q. a (
- i c |
T} o .
13aFv4 4.40 2229 1757 o W
k 7] 7]
p—y & -
[Zsu 0.487 238! 2720 \
Note. Proposed method gives results close to tested values.
Comment: Results calculated according to present practice deviate
significun‘tly in the case of unsymmetrical sections such
08 12aEV3 and I3aFV4. .

e E .

@;wy e A
- o s



| ‘-133-

- PRESENT PRACTICE

”

Sample.Problem;

Panel 1FV3a

Failure load = 1.555 kips

M = PL/4 = (L.555 x 116)/4"

f

r

'45.095 = (% x (2 x 8.15)/3

+ (3/8 x'fr x 4:5

= 1500 psi. .

8.15" .

45,095 ip—kips -

£ x 3 x.8.15)
(8.15 - 3/16))




