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’ , 3
+ . Surface bonded Spggfi] block wa]}s gpnjoy two special features.
“ )
%érst, these insulating light-weight blocks provide adequate insulation
and structural capabilities for many building applications. Second, the

3y

LY

simple and fast construction'method, in which the blocks are dry~§%acked

-

in a running bond pattern and surface bonded with fibre gTEss reinforced

¢ Y ®

mortar.

Comparable to sandwich constructiom, the thin faces of the wall,
about 3 mm (1/8") thick, provide overall structural integrity, while the
) . '

light-weight coffcrete core stabilizes the faces and gives the wall ample

overall rigidity. .
y o
Walls were investigated in three different--loading conditions, ———— — —
_bending, compression with ecﬁeniricity, and impact. “Bénding and 1mﬁact oL
e Iy g
strengths are controlled by the skin material's tensille strength. In =

H
i

compression, the wall capacity is governed by the compressive strength ;

of the blogks.

1

The performance of this wall system miéht be improved by increasing
the block strength, grinding block surfaces to give uniform dimensions,

and better field quality control of the surface bonding. -
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) - NOMENCLATURE

-Distance from neutral axis to extreme fibres in com- -.

pression

Net area of core.material
Transformed area of skin material
Width of section .

Length of failure line of a section in bending
inclined .to bed joints

Distance from neutral axis to extreme fibres in
tension s

Compression force in core
Compression force in skin

Total depth of section

Thickness of core blocks
Eccentricity of applies axial load P

Modulii of elasticity of skin in compression, skin in
tension and core material respectively

Compressive and tensile strengths of skin
Height of drop of load W for impact loading

Moment of inertia of wall section in bending about its
centroidal axis

Effective moment of inertia of wall section in
combined bending and compression about its centroidal
axis

Span
Applied static bending moment
ECS/EC = 10

Compression and tension skin thicknesses
Total impact energy

Core and skin strain energies

Ratio of net to gross area of core block

Experimentally obtained ratio of bending strain energy
to total impact energy on wall

Deflection of wall at mid-span
Modulus of rupture
Compressive stress in core

= Tensile and compressive stresses -and strains in skin

- viii -
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- . v CHAPTER 1

INTRODUCTION

»
A

This work investigated the behaviour of surface bonded Sparfil
rk . T

. block walls. The wall construction is simple, with only two elements:

the_insulating concrete core blocks and structural, fibre glass rein-

forced mortar facings.

Research covered the pro_pe;ties. ‘of the individual elements and the
performance of full scale walls under different loadinmg conditions up to-
- ‘faﬂure. , Proposed theoretical expectations were 'verified by the expe-
‘ rimental work.  Results were analysed —and——arr“&derstanding of wall
| behaviour obtained. From this, design criteria were derived and a
design procedure established. -
In its present.form, the wall system is suitable for 1imited load
bear.'ing a;);;ﬁcations. Its bending strength is high and controlled by

! ‘ the tension face thickness. The capacity to absorb impact energy is

more than adequate for normal use.

This wall system is a competitive candidate in construction of two
storey residential units, industrial bui]d'ir!gs, warehouses and as

N infill »laﬂs in mutli-storey buildings.
\ . ¥

- | Experiments were conducted on walls built with 200 mm (8") and 250
mm (10") blocks. These thicknesses "are the most commonly used due to

" their stability ‘and the level of insulation they provide.
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CHAPTER 2
SPARFIL CONCRETE

2.1 INTRODUCTION

- Sparfil is a lightweight concrete mgde from’ cement, sand, expanded
‘polyStyrene beads and water. The expanded beads are spherical in shape
and contain about 98% air. [ﬁqice they are regarded as water tight pre-

packaged air. 'Fjgu}e '(2;1) shows a section through a sample of this

material. The dincorporation of polystyrene into the. concrete mix has:

1

several advantages which include:

I) A considerable reduction 1n'ﬁeight; densitites as low as -
400, «g/m3 (25 pcf) arelpractiéab]e. - . B
2) A major increase in_the therhal‘resistange of the concrete

rendering it a good and constant thermal insulator.

3) A high resistance to severe weather conditions,‘such as
. . - IR . '
, freezing and thawing, due to the low water absorption, as

most of the air is contained within the closed cells of
. . - ) N
the polystyrene.

3
.

Further advantages are low drying shr%hkagé,,reduéedfcuring time,

fire resistance and good sound attenuation.

The size of the beads, about 2 mm in diameter, is chosen to give a

reasonable compressive .strength in addition to the above character-
. b f’

istics. The compressive strength of Sparfil is inversely proportional

. . )
to the bead diameter.and rangér from ‘1.5 MPa to_ 8.5 MPa .(200° to 1200

psi), corresponding to deﬁsitieé*of 400 kg/m3 (25 pcf) to 900 kg/m3 (60

/

pcf) respectively.

0
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2.2 PREPARATION OF MAIN AGGREGATES

——r -

o The fine beads of polystyrene contain an agent that, when heated in

1 ’J/) .
steam, expands them up to fifty times their original volume. Figure

12 kg/m3 (0.75 pcf).
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“Figure (2.1): Section th?buqh / * Figure’(Z.é): Unexpanded and
Sparfil Concrete. / . expanded polystyrene
’ ° ' , beads.
. % : i
’ . a ' . —_ {
. . ¢

(2.2) shows polystyrene beads before and after expansion to- a density of \
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Aften;expanéion, the beads are allowed to cool in large holders.

Any residual expanding agent is eventually réplaced by air.

| —_—

.
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2.3 PREPARATION OF BEADS SURFACE \

To make the palystyrene beads bond to the cement matrix, they are

coated with a bonding agent. Plastic dispersions or adhesive resins are .

.the most widely used as bonding agents. These materials do not attack.

the ‘bead surface nor ‘interfere with the hydration of the cement. -A 50%

aqueous dispersion of polyvinyl-propionate has been found suitable for

¢ >

this. purpose. ‘ ’

3

, £

Figure (2.3) shows samples of Sparfil concrete made with and with-
out bonding additives after a rupture test. In the absence of a bonding
additive, the beads separate from the matrii, consequently, this sample

has a low rupture strength.:

5
’
.

Figure (2.3): Break surfaces
of Sparfil Concrete
specimens with (right) and
without (left) bonding
additive '

e o staroit s
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2.4 MIXIN

i Mixirng of Styropor Concrete requires special attentioﬁ in order‘ to
;)roduce a homogeneous mix. Polystyrene beads are very light compared
with the other ingredie/r;ts of the mix.. this creates problems as the
beads tend to float on the mixing water, but any commercially available
mixer that provides positive displacement and folding action is suit-

able. Rotating drum mixers do not provide such a mixing action and, will

not produce a uniform, homcfgeneous concrete.

2.5 CASTING AND CURING

s

\ .
Sparfil concrete lends itself to conventional casting and curing
methods employed with normal Portland cement concretes. Precast pane]sl\

: ' |
and slabs are currently produced and marketed. Panels are. reinforced,

“with steel. Cast-in-place Sparfil Concrete is also gaining popularity.

Applications range from insulating roof fills to frost protecting and

load spreading beds for highways and railroads.

However, the most popular Sparfil Concrete elements on the market
today are the masonry blocks seen in Figure (2.4')'. Aside from the
inherent propertic;s of Styropor Concrete,“ these masom;y b]o%s offer
many advantages 'in the building industry such as simplicity, speed c;f
construction and laboﬁr efficiency  leading to a substantial overall

economy.

Sparfil Concrete b]oéks are produced by cphventiona]lmasonr_y_ block

machines. The elements are compacted with intense vibration and

N

S

S

o
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pressure and instantaneously released from their molds. Fresh Sparfil

Concrete blocks are quite fragile when they leave the machine. Curing
!

takes place at ambient temperature or with steam similar to methods

employed with reqular masonry blocks. ’

If cured in “air, frequent wetting is required initially in order to

completely hydrate all the cement.

\
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CHAPTER 3 3 .
. :
. SURFACE BONDING CEMENT (SBC) :
¢ . ’ ' |
. | |
- : . * Surface bonding cement, more precisely, a surface bonding mortar }

will be referred to as "SBC", It is a mikture of white Portland Cement,

sand and chopped glass fibres with additives to improve the workability
\ - .
and other properties required for a protective coating for exterior

N e o st d oA S

walls. For increased bonding strength to concrete blocks, latex

emulsion is added to the mixing water.

~

The presence of glass fibres improves impact resistance and arrests

the fhoation and propagation of cracks under normal service loading

[

. N .
conditions. The quantity of fibres must be carefully controlTed as -

excess fibres create workability problems in mixing and application of

\

the mortar. The fibres must also resist the a]kaiipity of the fresh
cement, which tends to embrittle the fibres and adversly affect their

. bond to mortar.

In designing a surface bonding mortar mix, the considerations are:

1) Type of glass fibre used in order to resist the medium

alkalinity of cement.

2) Fibre length, or in pgrticu]ar, the fibre aspect ratio,
diameter to-length ratio, in ordér to maximigze their pull
out force.

3) Fibfe quantity, to ensure there are eﬁou'h of them per %

unit area of the coated -surface.

B st PR
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Incorporation of an inert filling material, usually fines,

to eliminate stresses induced from drying shrinkage.
The addition of a water reducing agent to improve work-
ability of the mix at a reduced water/cement ratio. The

presence of "unwanted water" creages many problems. Asigé€

@

from reducing overall strength, excgss water bleeds out to’

the surface and deposits\ the finés it carries, causing
"dusting". Also, the passages® left behind tﬁe bleeding
water remain as "open pores®, which make the protec%ivé
cdating more permeable to mdisture'and dirt, thus redicing

2

significantly the durability and especially the resistance

o)
to cyclic freezing and thawing. v
Surface bonding mortar can be applied by either tro

shooting ff under pressure orto a clean, dust free surface.

<
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CHAPTER 4
L} . ;"‘

WALL CONSTRUCTION

-

\
The simplicity of #the wall system makes its 'construction easy and

rapid. Starting at foundation Tlevel, the first course of blocks is
levelled in a full bed of mortar. Then, the remafning courses are
stacked from the corners in a running bond pattern. Mortar is not

required in head and bed Jjoints. Dpenﬁnds are left for doors and

windows.

Since mortar is not used in joints, care must be taken to eliminate

Surrs from block surfaces.. This is acheived by sliding the blocks over
“ f

each other. The wall is checked for plumbness and level every fourth or
‘fifth course. Plastic shims or galvanized brick ties can be used for
levelling while stacking. Gaps larger ‘than 6 mm (") are filled prior,

to anting the wall.

.
)

SBC- is prepared by adding water to the ready-to-use dry mix, which

contains all the ingredients, additives and 'g1ass fibres, ‘ihf“ihé";“““* -

appropriate proportion. The final mixture has a creamy, easy-to-trowel
)
consis%gncy.

\

Dampening the clean surface of the wall aids in spreading the SBC
and improves the bqaying to the blocks. The mix is spread into open
joints and completely over the block. A minimum surface thickness of 3-
" mm (1/8"5 is useJﬂ Only one.coat ‘is Aeeded on each side of the wall.

(See Figure (4.1)).

~

\
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CHAPTER 5

MECHANICAL PROPERTIES OF MATERIALS

B

5.1 INTRODUCTION ‘ -’

e

In order to gain some insight into what to expect from the wall

system in terms of structural performance, a series of mechanical tests

were run on the individual components. Str'engths were assessed under
' ’

idealized loading conditions by -testing small samples in pure com-

'pression, tension. and bending. The results obtained were used to design

full scale testing on complete wall sections.
!

5.2 SPARFIL IN COMPRESSION

«

Several tests were made on sparfil to determine its compressive

strengths:

{a) Three cylinders 15 cm (6") in diameter and 30 cm (12")
high, having a density of 720 kg/m3 (45 pcf). These were '
' * tested without being capped. '

After failure, the cylinder continued to creep while carrying about

80K of the ultimate load.

Table (5.1) gives sample dimensions and the ultimate compréssive

strength. Fig. (5.1) shows a typical load-deformation curve of a

Sparfil cylinder.

-
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,Table 15:1): Compressive Strength of Sparfil Cylinders

YUltimate

Dimension Compressive
Sample [diaxheight area Toad Py strength
# . mm X mm 103m?2 KN fo MPa
1 153 x 301 18.4 65.0 3.54
2 150 & 302 ~ 18.4 64.0 3.47 - -
3 155 x 305] 18.5 |- "69.0 3.73

kg/m3. (45 pcf).

direction of loading of the actual block.

contains the results obtained from this test.

14

T—

/.

\

(b) Samples of rectangular cross section cut from ,a 250 mm
- (10") standarJ block of Sparfil’having a density of 720

These were tested in compression in the

fable (5.2)

Table (5.2): Compressive Strength of Sparfil prisms

Average | Average Ultimate|Ultimate

Sample width length Area Toad comp.
# mm mm 103mZ | Py, kN |strength
' ’ fe (MPa)

1 40 118 4.7 4.76 1.0

2 39 116 4.5 6.65 1.5

3 40 117 4.7 6.80 1.4

PP R SRR
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(c) Standard 4",8" and 10" blocks of Sparfil. These .were
" ‘tested individually in compression. Each block was capped
with a leaﬁ mix of cement and fine sand. Table (5.3)
gives the dimensions and ultimate compressive strengths of
' " the blocks. '
\ i
:;J_;«‘ " (d) Nominally 70 mm cubes cut from a standard 4" x 16" x 24" :
;‘ii;, solid Sparfil block, having density of 720 kg/m3 (45 :
’ pcf). Table (5.4) gives values of the compressive
strengths obtained.” Table (5.5) 1ists the average values
., of the strengths from the various compression tests.
|
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Table (5.3): Compressive Strength of Sparfil Blocks

Ultimate

Nominal Net “{Utimate Average
block area Test load compress . [compress.
size # strength [strength
(in) |- (in?) . (1bs) (psi) (psi)
mm 103mm? kN MPa | MPa
1 (4950) (109)
. 22.02 0.75
(4) (45.52) :
2 (5375) (118) (116)
' 23.91 0.81 0.80
100 29.4 2
3 (5525) |~ (121) |
24.58 0.84
4 (11400) (139).
50.71 0.96
(8) (82.14)
5 (12575) (153) (168)
55.94 1.05 1.16
200 53.0
' 6 (15000) (183)
66.72 1.26
s
7 (14750) | (180)
~ 65.51 1.24
8 (15025) | (183)
66. 83 1.26
(10) (107.25) ) (30275) | . (282)
o ] 134.67 1.94
250 %.2 - | 10 (27750) | (259)
. 123.44. 1.79
11 (23550) (220) (265)°
) 104.76 1.52 1.83
12 | (30500) (284)
© | 135.67 1.96
13 . | (30250) | (282)
134.56 1.94

L Y

i A —————
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_Table (5.5):

-

v

. Table (5.4) Compres’sive Streng'th of Sparfil concréte cubes

Cross- Ultimate Ultimate
Sample| section Load Compressive
# dimensions - Strength
mn X mm (kN) (MPa)
75.1 X 69.5 17.2 . -3.26
2. 173.5 X 70.2 15.6 3.03
71.7 X 74.3 15.7 2.95

E

~

‘1

Average Compressive Strengths of Spa;r'fﬂ
obtained from various tésts

, Least |Average net compres-|.

Test |Types of sample tested|thickness| sivé strength f(':

# ‘ ' mm MPa (Psi)

1 3 - Cylinders 25 cm 150 3.58 (519)

dia., 30 cm high ’ ,
2 3.- prisms 4 X 10 cm, 40 1.46 (213)
: 10 cm high
"3 . |3 - 4" blocks 33* 0:80 - (116)
¥

4 |5 - 8" blocks 25% 1.6 - (168)

5 |5 - 10" blacks a0* | 1.83 - (265)

6 3 - 7 cm cubes 70 3.1 (449)

* Thickness of an #nterior wythe of

o

block,. See Appendix (D)
4 * \ﬂ .

T




5.3 SPARFIL IN BENDING{

Coy .
S r -

Three prisms of Sparfil:with a density of 720 kg/m3 (45 pcf) were

i

cast and tested, after 28 days,'iln't;,endir)g. At the point of Toading a't
midsp;m, SBC was- used to prevent crushin‘g. Shear failure was prevented
at.' the supports by reinforcing the sides 01; thé prism with SBC. ' Table
(5.6) contains sample dimensions and the co'rresponding experimental
. - ;nodu1us of rupture. The low value obtained for san'1p1e #3 was due to

localized failure at 4 span due to some imperfections in moTding.
& i . - - " . % .

Tables(5.6): Calculation of Modulus of Ruptyre
of Sparfil o(z,)

<
. . Y
P Clear Width Depth {Ultimate| M = S = " Gy =
,»~ |prism| span b d load |- PL/4 bd2/6 M/S
< # L P i o
mm mm m N,- N.mm mm3 MPa

1 573.1 78.0 77.7 422.6 | 61,000 | 78,000 0.8
2 577.9° 77.9 78.2 367.0 | 53,000 { 79,000 0.7
3 584.2 78.1 78.2 255.8 | 37,000 | 80,000 [ 0.5

v

o
A By
.
’

5.4 SBC IN COMPRESSION ' ’ ‘

o

Test cubes were cut from a‘prism of .SBC 5cm x 5cm (24" x éi") in
cross>section. This ‘partivcu,]ar size was chosen to eliminate excessive
shrinkage cracking that may occur in a large saﬁ\ple. Tr{e results
obtained are listed in Table (5.7). Fig. (5.2) shows a typical load

adeforﬁmﬁ%n curve of SBC in compression.

- s
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The compressive strength of. SBC is about the same’ as that of normal
concrete. It depends on the water/cement ratio which is chosen to give

a workable mix that can be easily trowelled on to the surface of a

.wall. The calculated aver:age of the SBC compressive strengths:given in

Table (7) is fe = 25.3'MPa. (3670 psi).

- . i

Table (5.7): Compression Test Data on SBC Cubes

x-section Ntimate Compressive
Sample dimens ons load, Py [strength, (f¢)
o ox mm kN MPa
1 45.2 X 46.0 54.3 26.1
L 2 46.'7 X 51.0 61.2 25.7
3 46.4 X' 51.0 55.8 . 23.6
4 | 45.7 X 46.5 51.2 " 2.1
5 45.4 X 44.8 54.5 26.8
/ _— - .

5.5 SBC IN TENSION

The tensile stren\gth of SBC governs the wall bending strength when

resisting lateral loads. The' modulus of elasticity in tension is

required to predict the deflection due to lateral loads.

Direct tension tests were conducted on nine samples having rectang-

ular cross sections of 50 x 12 mm (2" x %) and nominally 200 mm (6")

r

- long. Extensiometers were attached to test samples to measure exterisions

over 'a 100 mm (4") gauge length during loading. Test results are given

- ( ' .

e T Wk P . 8 i 2 e o e

S e
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in Table 5.8, the modulus of elasticity in tension was calculated for

each sample ﬂsing the stress-strain curves plotted by the testing

machine. A typical stress-strain curve for SBC in tension is shown in

Figure (5.3).

(

SBC has an average direct tensile strength of 4.5 MPa (653 psi) and

a modulus of elasticity of 12,500 MPa (1813 ksi).

strain is about 3.6 x 104 mm/mm.

Table (5.8): Tension test results for SBC specimen

' Tensile {Ultimate] Modulus
Sample Area mn2 | Ultimate [Strength| Strain . of -
Load, N MPa x 10-4 |Elasticity]
) mm/mm + MPa
N

1 605 2500 4,1 3.5 11,000
2 612 2700 | 4.4 3.9 | 12,000
3 610 2900 |.47 | 3.4 | 13,00
4 623 2500 4.0 4.0 11,000
5 564 2800 4.9 3.3 15,000
6 621 3000 v 4,9 3.6 13',000
7,] > 619 3100 5.0 3.5 15,000
8 635 2700 . 4.3 3.2 12,000
9 627 2900 4.6 3.7 12,000

The average ultimate

;
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Stress-strain curve for SBC in tension.

_~Figure (5.3):
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5.6

SBC IN TENSION DUE TO BENDING

.22 -

(a) Prisms of SBC of SO x 50 x 450 mm were cast and tested in

bending under one concentrated load applied at midspan.

The modulus of rupture obtained for each sample is listed
. ,

+ in Table (5.9) along with the corresponding dimensions.

Table (5.9): Calculation of Modulus of Rupture of SBC

prism| Clear | Width | Depth [Ultimate[M = PL/4]c. = W/S

# span, L b . d load, P

mm mm mm N N.mm - MPa
1 440 50.1 50.9 1820 {201,000 9,3
2 432 48.0 | s52.3 1620 {175,000 8.0
3 432 . 48.5 | 5L5 1620 175, 000 8.2
4 | a40 49.0 | 0.1 | 1%0 [210,000 | 10.2°
5 | 439 48.7 50. 2 1990 [218,000 | 11.7

(b) Prisms were made from 70 mm cubes of vSparfi] surface bond-

(c)

ed with SBC on two opposite faces to form ad’sandwiched
beam 600 mm long. Three such beams were tested in bend-
ing. The computed tensile stress in the skin is?_given in

Table (5.10) for samples 1, 2 and 3.

<

Three heams 1200 mm (4') long were ‘cut from actual wall
sections and tested in bending with two-point loading at %
of span. In all tests, failure occured at ,t':he .]:oint'clos-
est to the line of loading. (See figure (5.4)). Tests

results are given in Table (5.10) for samples 4, 5 and 6.

-
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Table (5.10): Calcutation of tensile stresses in SBC skins

Skin
thickness Moment
Test|Clear |Total [Width Py arm, [UTtimate] T = | Gg =
# | span]depth bot-{top a = d-| moment | M/a |[.T/btyp
’ ' tom (tp +
L d b ty | t] t2). 103 ;
men mm mm | mm { mm N mm N.mm N MPa
1} 559 83.91 72.5]5.2318.761600.5] 76.9 ] B4 1100 | 2.88
2 | 559 [I'8l.1] 70.1[(4.98{9.45(578.3| 73.9 81 1100 | 3.14
3 | 562 | 82.21 71.3|5.56|8.75]585.5] 67.9 82 1200 | 3.05
4 1130‘ 20028{125.5(4.14 3.61{2444 1196.9 326.3 | 1700 | 3.66
T 5 1118 ?00.5 123.513.2813.23|1555 |197.2 286.1 | 1500 | 3.64
6 ’ 1125 200.11124.5{3.51{3.42{2375 ‘|193.2 334.0 | 1700 |.3.96
7 |1105 201 | 570 |3.75 3.50 9326 }193.7 2576 |13 300} 4.4
8 (1100 | 202 °| 565 |4.00{3.95/10131[193.7 2786 |14 400{ 4.5
9 (1110 | 201 | 585 |3.80{3.70(9434 [193.7 2618 |13 5004 4.3
9 .
-10 (1100 251 | 560 [3.20{3.61(10364(244.5 2850- 11 700} 4.6
11 [1112 251 | 550 [3.65|3.25(10486|244.5 |. 2915 |11 900| 4.2
12 11113 251‘ 555 |3.21{3.47(9520 241\1.5’ 2649 10 800( 4.3
]
3
s 2 - ~ .
b ~

N
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(d) Six beams 1200 mm (4') Tong and 600 mm (24") wide were cut
from actual wall sections. Three beams weré 200 m deep
cut from 8" - walls. The‘other three were 250 nmléeep cut
from 10" - walls. all beams were cut at an angle of 45°
to the joints. - They were tested in bending, one point
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Failure bf;tﬁ'e six- beams occured in the tension face along the

block jo‘jnts. No failure was seen in the core. Figure (5.5) shows the

bending firection relative to the bed joints and the line of failure.
!

Test results are given in Table (5.10). Samples 7,8 and 9 were 200 mm

deep; samples 10, 11 and 12 were 250 mm deep. ,

To ‘compute the stress in the SBC skin, the portion of the core

below the neutral axis is neglected since the core is not continuous.:

The elastic modulus of the core, E., is approximately one tenth of that

of the skin (Eg/E; = 10) and furthermore, it is-effectively reduced due
to the discontinuity of the core. For analysis the moment arm is

approximated as the distance between Cg and T. See figure {(5.6).

L 4
From simple equilibrium: Applied moment = Resisting moment, or

M = T.d' where T = tensile force carried by the skin, and d' = resisting

moment arm. The tensile stress developed in the skin Og¢g = M/S where*S

is the section modulus provided by the skins = b tp d'. The computed

skin tensile stress is given in Table (5.10). The average tensile

stress in the skins of samples 1, 2 and 3 is 3.0 MPa compared to 3.8 MPa

for those of samples 4, 5 and 6. This discrepancy may be attributed to
- :

the way the SBC was applied. The apph‘cation of SBC to a large surface,

as in test C, section 5.4 is acéomp]ished with less mam’pul.‘tion than

when it is applied to a small surface such as used in test B. Over

manipulating leads to bleeding of mortar water to the surface carrying

with it the v_p’ry fine particles of sand. , This eventually reduces the

7
overall st}yength. . .

Lo
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bed joints.
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‘Figure (5.5): Wall section in bending at 45° ¢o
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Figure (5.6);
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Stress distribution imn a sandmched beam
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5.7 ANALYSIS OF RESULTS

Various values were obtained for the ultimate compressive stength
of Sparfil Concrete.~ Thehse range from 0.8 MPa for a 100 mm (4") block
to 3.6 MPa for a standara 250 mm (6") diameter cylinder. B'y examining
table (5.5) it is seen that theﬂ strength obtained, for a given density,
debends on two factors. First, the test sample's least dimension plays
a significant role 'in the ultimate strength. The self-confining effect
of a large sample produces values three times greater than those
obtained \f\or the thinest = specimen. Seconélo, th? specimen's cross
sectional geometry 1is found to affect the over,éH ultimate stre‘ngth.
This is evident by ex‘aminin_g results obtained for tests 2 and 5 found in
table (5.5). Webs within %the block prov%de a positive-bracing actjon'
and some stability against any lateral dimensjqnal changes. Figure

(5.7) shows the dependence of compressive strength on the factors

mentioned. ™ "

. A) 4
" Test performed on SBC. produced more consistent resuls. For prisms,

the ma;ceria] is éssmed to behave in a non-liné€ar manner. "The ultimate
compressive strength and modulus of rupture are 25.3 MPa and 9.3 MPa
respectivély. " As an »approximate analysis, consider a section under
bending load having a plastic étress distribution as shown in figure

(5.8). From equilibrium: -

\o-c(d-c) =gt C

or: c = o d
. otwc . i

ot e
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-dt + J¢ s
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, then: - a

Taking moments about C:,

M =0t c (§), periunit width.

Substituting the value of c:

2 gLt
-2_ oc t O't

The modulus of rupture is given by: o) = M/S’ S = bd2/6

_3Uc03c K

or: =
- Or "g¢ *og

,by -manipulation, we get: } N

_gc or ,"—

v - C =
' t"3I5c-or

N~

This equation gives the tensile stress reached at full pl astic cohdition

for a mterial of given ultimate compressive and'flexural strengths. By

substituting values obtained for SBC, we get:

‘r~ .
. 2§.3 x9:3 . 3.5 upa

The average experimental tensile strength obtained for SBC of 4.5 MPa

indicates that the sectwn approaches the "fully plastic" condition at

failure.
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“SBC's deu]us of -elasticity in tension is found to be one half of
! ] 7

its value in compression. According to other research ‘work done by an

&+ .
independent firm('l) » an “average value for SBC.modulus_of "elasticity was

K

found to 'be 25,200 MPa (3.65’x 106 psi). “The modulus of elasticity of

Sparfil concrete in compression is 2520°MPa (365 ksi) (2). |
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6.1 ‘INTRODUCTION

- ' . " GHAPTER 6
THEORY AND ANALYSIS OF WALL BEHAVIOUR

L]

The dﬁ]]ﬂsystem combines the stiffness and lightness cﬂgractérised
by a sandwich construction. The thick Tow density core is sandwiched
betwe;n two thin, stiff faces. The faces harry'mqst of the bending
stresses, their'gctioq being similar to the flanges of an L-bé&n. The
core provides qhe'shéaﬁ strength of the wall, and stab]izes'the thick

compreésion face against buckling. The bond between face and core is

¢ t

ca]]ed-upon to resist shear stress)and also tension from the wrinkling

tendency of the comp}ession face. This behaviour has been verified by )

v o

" - the failure Qodes for the.different loading conditions.

<

6.2 WALL IN BENDING
¥

6.2.1 General. . \

-

L

In bending, theatwo faces of the- wall "are assumed to provide the
whole resisting couple, because the core is discontinubus at the bed
joints. Even when bending occurs at 45° to the joints, the ‘skins

Rrovide‘the total resistance.

N\
t

1\ Only two cases will be considered. in the analysis and experiments.

Finst;\\when bending is perpendicu]ar to .bed joint§, because of its

obvious Ederning influence. . Second, when bending is at 45° to the bed

~

Joints. )
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6.2.2. Bending Perpendicu1ar to Bed Joints , ‘

Referring to figure (5.6), section 5.6, and neglecting the small
contribution of core, the location of neutral axis can be found. by

geometry to be:

) c=d—l , (6.1)"
t1+t '
where ¢ = distance from the neutral axis to the extreme
’ fibres in tension mm,
t1 = thickness of compressive face,
. ty = thickness of tension face,

Neglecting moment of irnertia of the skins about their own axes, the

Ay

moment of inertia about its centroidal axis is given by:

o

I = bd2tytp/(ty+t2) . (6.2)
where ' ‘ b = the width df the section, and B
d = the depth of the section measured between centres

of skin thicknesses. .

The moment cérrying capacity of the section is given by:

M= fi.tod (6.3)

" where fi is the ultimate tensile strength of SBC.

-

These equations will be used to calculate the bending capacity of
test walls. Values obtained will be compared with experimental figures
in a following section.

!
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6.2.3 Bending Inclined to Bed Joints

o

Experiments conducted in section: 5.6 (d) indicate that failure

occurred in SBC skin and no failure was evident in the core. This

verifies our assumption made earlier that skin alone provides resistance

to lateral 1oads:

" For bending at 45° to the bed joints, see figure (5.6), one might

consider the "extended" failure path B along the block joints in

+ calculating the bending capacity of a section.

. ;
For example the lateral load capacity of sample #7, of table (10),
was 9326 N and: . ' '

L = 1105 mm ‘ d =198 mm
t] = 3.50 mm to = 3.75'mn
b = 570 mm
. m=PL 3826 X 1105 . 5 576 x 106 N.nm
o - 2.576 x 106 - 6.1 MPa

X X 3.

For forces normal to the joint line, the ultimate‘strength is 4.5 MPa.

The ratio of 6.1/4.5 = 1.35 is approximately 2. i.e. the ratio of
the relative length of the fa{iure path to the actual width of the

section.
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6.3 WALL IN COMPRESSION

6.3.1 General

The axial load carrying capacity of our wall is shared between the
stabilized SBC skin and the~ Sparfil concrete core blocks. Which
governs depends on the ratio of the strengths and elastic moduli. In
the present tests oc/og < Ec/Es, so the core governs. Once the ultimate
strength of the block is exceeded, its edges start to crumble accompan-
ied by noticeable 1Z¥eral expansion at the block edges. This inlturn
forces the SBC skin to buckle outwards under the imposed compressive

stress. Skin buckling begins at the bed joints.

~The cBmpressive Sstrength of sparfil concrete is found to be depen-
dent on the least dimension and general shape of the tested samples.
Different values obtained in section 5.1 make the task of determining
the "true" ultimate strength difficult. Furthermore, the presence of
SBC skin provides a certain "cohfinement" which may alter the ultimate
core stress. Loca]lfai10re at sample edges may nat affect the strength
in a testing machine, bﬂt it has the most influence on inducing skin

buckling in wall failures.

A general stress distribution within a wall section is shown in
figure (6.1). To compute the core compressive stress oc., the area of

skin is transformed into an equivalent area of core material.

Strain and stress distributions across a transformed section are
shown in figure (6.2). In locating the neutral axis, the following

1 ‘ '

assumptions are made:

’
L A gt e
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Figure (6.1) : Stress distribution across wall section under

axial force P with eccentricity e. //////)/
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1) The core behaves in an elastic manner until it starts
crumbling and the skin buckles.
2) - The ultimate compressive strength of the core, occ, 1S
.assumed to be 1.4 MPa. This value 'is'1e_ss than that for
" the complete block because of the edge effect. Hence the
ultimate compressive strain in the cefe G is 1.4/é5_00 =
5.6 x 1074 mn/m.
3) The moment of inertia of the thin face' about. its own~axes

is neglected.

Referring to figure (6.2), from geometry the tensile strain in the skin

is:

d-a -4 (d
Ets& Ecc (T) = 5.6 x 10 4 (—a- -1)

v
The tensile stress in the skin is:

L}

Ops =€t Ers = 7(3<1)_where Erg = 12,500 MPa

from which the tensile force in the skin, T \btg Otss becomes:

T =70ty (3 -1)

~The compressive force in the core is Cc = aa b Occ where o is the

ratio of the net to gross area of the core block. o = 0.69.and 0.71 for

the 8" and 10" blocks respectively.
Gc = 1.4 o ab

The compressive force in the skin is Cg = nb (1-0) tj "%¢

L4

. e e o

.
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From equilibrium: T=Cc+Cg-
or 7ty (1) = L4 a¥' Ut (1-9 /

solving for a, we find:

a =g (O @+ 204ty - - e (6.4)

10ty + 2] (1-0)] - == ===~~~ - - - (6.5)

where Q

The effective moment of inertia of the section is approxifnated bry

3 ‘ :
I=b6l-§—+nt1,a2+nt2c2)—-----—-7-— (6.6)

* ' \ /

6.3.2.2 Calcuiation of Stresses in Wall

For an axial load P applied with an eccentricity e, the general

stress formula is:

0=%$.‘E¥

where, A is the area of the transformed section and is given by:

™ v

A=b[ad+n (tj#tp)] == = = = = = = = = - - (6.7)

Compressive stress in'core: ¢ = P(% + 9% )} - - - - - | (6.8)
‘ L .ol L ea . o

Compressive stress dn skin: G = nP(g +~¢ ) - =------ (6.9)

Tensile stress in skin: Opg = nP(%— - 5{ ) - ------ (6.10)
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(d . . .
Equations (6.4) through (6.10) will be used in a later section to
calculate stresses in the experimenta1 walls. Combined with equations

(6.1) through (6:3), they will form the basis for wall design by finding

the required SBC thickness to support éxgiven.1oading condition,

6.4 WALL UNDER IMPACT

4

Apart from res1st1ng h1gher statically app11ed lateral 1oads, the

res1stance of sparfil walls to suddenly applied. 1oads is substantial]y C

I

‘hégher than that of mortared normal weight concrete ma sonry wal]s, and’

. \ i
the more flexible core imparts larger damping effects.

1
o

A load, W, fa111ng from a he1ght h, onto the centre of the wall
possesses a kinetic t/ergy, U = Wh, .0On lmpact, this energy will be

absorbed by strain energies due to bending, Ub,'and due to shear, Ug.

. ’
From the reltationship of strain enerd; for pure bending:
' L/2‘ #
. Une= 2 J M2 dx ~
. 9 F T .
5 ‘

where Mis the ‘bending moment at midspan of the wall, given by M = Px/2. 1. .

Subst1tut1ng ‘the value of M and eva]uating the integral gives: .

' 213 - M2 <
Uy PLI MeL - i (6.11)

-

-or Ub 2——. where A is the wa]l def]ection at mwdspan at fa11ure, g1ven

. 3 '
b’A’%"ET&
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Knownng that Up is a fractionY of the total kinetic energy U, the

"tensile Stress in .the skin co\?’d now be found from equatwn (6.41).
| ».

(01sS)2L _opg? IL )
6 EI 6 E c¢

YWh =

——

: : [ 6E v¥h : n ‘ ’
Hence - =C —_— . 6.12

“

The fraction Y will be qeterminéd in a later- section from the results

obtained experimental Ly ?

.
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CHAPTER 7

FULL SCALE TESTS ON WALL SECTIONS

7.1 INTRODUCTION

The purpose of these tests was to sfu}y the compatibility in

.behaviour of skin and core materials of full size wall panels. An

I

equation describing ‘the bending behaviour of walls is developed in the
fo]lc;wing sections. The overall compression strength of the wall is
assessed“_a]ong with an explanation of the mode of failure under "the

eccentric applied load. The behaviour of the walls subjected to impact

"~ loads is also investigated.

4

Bending, compression and, impact tests were performed on a total of
18 walls in accordance with ASTM E (72). A1l walls ‘were of the same
surface area of 122 cm (4') wide and 244 an (8') high: Nine of the
walls were 20 cm (8") thick and nine were 25 cm (10") thick. Walls were
constructed by dry-stacking and with surface layers of SBC, abétit 3 mm
(1/8") thick, trewelled onto both'faces. of the wall and left 28 days

-

before testing began.

]

7.2 BENDING TESTS

Bending tests were’performed on six Sparfil walls in a horizontal
position. Loads were applied from wunderneath the wall by means of a

hydraulic ram and a manual pump connected to a pressure gauge, as shown

in figure (7.1). The wall was ,(Toaded against two reaction steel beams

connected to a rigid frame. Temporéry supporté were® used .to position

.

P . . B B e i
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Figure (7.2): Wall section after failure in
. bending.
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the wall .above a rigid H beam. The H beam served to divide the ram load
into two Tine loads acting on the test wall. Once in position, the wall
was raised by the ram until it touched both reaction beams above. The

weight of wall and fixtures resting on the ram was subtracted from the

final reading to obtain the net Tload appiied on the wall. Two dial

K

guages to read’ deflections at the ‘centre of wall were installed at 1/4 °

width from the edge of the wall. Load was applied in several incre-

ments. Deflection readings were taken immediately after each loading.

Fach load increment was .maintained for about 5 minutes after which

another deflection reading was taken. Failure of the walls was always
along. one of the joints between the lines of. loading, (see figurg“7.2)).
Readings obtained on 20 cm and 25 cm walls are giveﬁ iBJAppendix A.
Reqdings obtained in British units were converted into SI units and are

n

summarized: in Table (7.1). Skin thic&nesses at the f?f]ure planes are

‘J‘) - .
into SI' units and. used in the analysis. In Figures (7.3) and (7.4),

deflections are p]ottgd versus the applied. lodds for both the 25 cm and

s

20 cm thick walls, respectively.

also listed in the same table. The average skin thickfiess is converted

PPAPRIUCIIBOL SV




"Tablg (7.1): Full Scale Bending Tests Results

£

g

. Average skin

. : thickness
Nominal |* Applied | Maximum ' Average Applied
Test wall net deflec- | Tension [Compres- | Cross- bending
# thickness ‘Toad tion face [sion face| sectional moment
' X2 t1 dimensions
(in) (1bs) (in) (in) (in) (ft. 1b.)
mm " kN m mm mm mm N.m.
P——
Bl (10) (4375) (0.205) | (0.156) | (0.159) ~ (4374)
250 19.46 5.21 3.89 4.05 253 x 1207 5931
B2 (10) (3560) (0.074) (0.155) (0.156) L (3561)
¢ 250 15.84 1.88 3.94 3.96. 253 x 1201 4828
B3 (10)* | (3550) | (0.113) | (0.158) | (0.177) (3561)
250 - 15.79 2.87 4,02 4.49 251 x 1206 4828
B4 8) | (2605) | (0.108) | {0.129) | (0.149) (2606)
200 11.59 2.74 3.27 3.78 225 x 1199 3533
BS (8) (2790) (0.097) | (0.120) | (0.148) - (2790)
200 12.41 3.46 3.05 3.75 220 x 1196 3783
B6 (8) (3290) (0.143) | (0.136 (0.142) . (3289) .
20 14.63 3.63 "} 3.44. 3.60 220 x 1199 4459
0 .Q >
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Load - deflection curves for 200 mm-

thick walls in bending.

Deflection, mm

Figure‘(7.4)
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7.3 COMPRESSION TESTS

4
Six walls were tested in compression under eccentric loading, in

accordance with ASTM E(72). The compressive load was applied in
increments and maintained for about five minutes for each. Axial and
lateral deflections were measured both at the beginning and at the end
01’1 each load increment duration. Figure (7.5) shows the compression
test set-up. Failure of the walls was characterized by skin buckling.
See Figure (7.6). Readings obtained from the compression tests are
included in Appendix (B) and summarized in Table (7.2). The instantan-
eous and permanent axial deflections are plotted versus the applied

loads for both the 25cm and 20cm walls, as shown in Figures (7.7 and

Table (7.2): Full-Scale Compression Tests Results

o

Nominal |Applied Average Skin

Test|Wall Net Thickness Average
# |Thickness(Load Tension[Compression{ Cross-
Face Face Sectional .
(in) (K) ts t1 Dimensions
mm kN ~mm mm mm

Cl (10) (50)

250 222 2.56 2.74 255 x 1205

c2 | (10) (45) ‘ . :
. 250 200 | 2.39.| 2.34 253 x 1198

3. (10) (50)

250 222 3.35 | 3.17 251 x 1201
ca | (8) (45)

200 200 | 2.82 3.94 220 x 1198
s { (8) (45)

200 200 2.77 3.40 225 x 1202
C6 | (8) | (40) B ‘

200 178 2.49 2.90 220 x 1206

»r

— A -
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Full scale compression test set-up’

Fig. (7.5)
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1
1
H

Test wall.after failure in compression

Fig. (7.6)

Note skin buckling on. left side of wall
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Figure (7.7) : Load - axial deflection curves for 250 mm
, thick walls in compression.
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7.4 IMPACT TESTS

Six walls were subjected to impact loads from a sandbag released

from different elevations. Except for the bag's weight and its release

mechanism, the test was conducted in ascordance with ASTM E(72)., The

wall span was 2.4 m (8').

The 60-pound sandbag prescribed in the ASTM standards did' not
impart enough energy to cause the dry stacked, surface bonded Sparfil
block wall ‘to fail, even at the 1arges't practical drop’ height, so a
100-pound bag was used in all the tests. The sand bag was raised to
the desired elevation by means of an overhead crane and released by
cutting the supporting string. Swinging freely, the bag hit the centre

of the wall when it reached the lowest point of its path, See figure

- (7.9). N

Deflection and set of the wall were measured instantly after each

hit by means of modified dial gauges.

Data obtained from all the impalct tests on three 250 mm and three
200 i walls are included in Appendix (C) and sumarized in Table (7.3).

The instantaneous deflection versus the impact energy is shown in

Figure (7.10). The measured set in the walls was negligible. Failure

pccurred generally at the central horizontal joint, but, in some walls,

was in the two adjacent horizontal jaints closest to the centre.
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Table (7.3): Full-Scale Impact Tests Results

Nominal |Applied|Maximum Average Skin Average

Test{Wall ~ |Impact |Deflec- Thickness mm Cross-

# |Thickness{Load tion : Sectional
Tension |Compress-|Dimensions
face tp |ion face

g (in) (ft.1b) face t;
mm N.m m mm mm mm
I1 | (10) (558) )
250 757 7.9 4.71 3.91 254 x 1205

I2 (10) ( 500)

250 678 6.8 " 4,85 3.21 251 x 1200

I3 (10) (517) .

250 701 7.0° 4.57 3.87 256 x 1195

I4 (8) |- (425) '

.| 200 576 5.9 3.47 4.01 220 x 1201

Is | (8) (450)

. 200 610 4.9 3.76 4.;2 225 x 1191

16 (8) ( 400) _

200 542 4.2 - 4,09 3.93 230 x 1201
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CHAPTER 8

ANALYSIS OF TEST RESULTS

]

8.1 _INTRODUCTION

,‘ In this chapter correlations are made between experimental results
and the theoretical analysis established in chapter 6. The results from
the impact experiments are used to derive the' enpirical constants needed

.to simplify the analysis.

8.2 WALL IN BENDING

The data in Table 7.1, obtained from the bending tests, is used to
find'the maximum tensile stress in the skin at failure, which is
compared with the ultimate value of 4.5 MPa obtained from direct tests

on the SBC. The results are summarized in Table (8.1), .~

-

Y

The fo]]oyn‘ng typical calculation is made for test specimen B1, for

which:
d =.253 m b = 1207 mm
X ' R
t;= 4.05mm ty = 3.8 mm -
M= 5931 N.m ..
, . Iy
Equation (6.1) gives: ¢ =d T:—1-]:6
_ 4.05
= e Im
" c=1dm
a = 253 - 129 = 124mn

Equation (6.2) gives: I = bd2 tyty / (t1+tp)

S ' - .
\ |
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s

- . 1-1207x2532%4.05x3.89 _ 1554, 106 pnd

505 % 3.89
103
Then o =Mc. 5931 x 103 x 129 _ 5.0 MPa

ts 1 153.3 x 100

vy
The tensile stressses in the skins are séen to be close to_the ultimate

tensile strength of SBC of 4.5 MPa.

<
’

Table:(8.1): Tensile stresses in skins .in bending tests

14
Sample Appiied‘ 1. ‘Tensﬂe
Moment c- x 106 mm4 [ Stress in
‘ # N.m . mm skin, MPa
.r | Bl |- 5.931 129 | 153.3 _| 5.0
e A w28 | 127 1518 8.0
g e | s | 1w L1 g 4.0
, B4 3533 120 106.4 | 4.0 |
B5 3783 121 | 97.4 4.7 i
B6 4459 112 ioz.{ ©4.9.

1 41
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8.3 WALL IN COMPRESSION

Substituting data obtained from Table (7.2) into the equations of

Section 6.2 gives all the stresses in the test walls. Results of these

AN

calcu lations are given in Table 8.2. P p

. Using wall Cl as an illustration:

-

255 mm

. d = b = 1205 - mm
L
t} =.2.74mm tp = 2.56 mm
P = 222 kN = 0.71
¢ v
e-= d/6 = 42 m
‘ Equatibn (6.4)’g%ves a= ?%; (Q+ J‘Q2+40 dt2)
where Q = 10 [tp + 2t] (1-o)] = 10[2.56 + 2x2.74 (1-0.71)] = 41.5 mm &
‘a=-2-—0-71-1\ (415+\/41'52+40x255x255)
, “x . L] - *

The effective moment of inertia %s found from equation (6.6):

.t

“a=147m ,c=255-147 = 108 mm . ° o \
, R
SR
.
o
|

3
I =b(A> +ty a2 + toc2
(3t 12 2c€)

RN

‘ ¢ | |
leps = 1205 [ 2TLX 1477, 10 4 2.56 x 1082 + 10 x 2.74 x 1472]

Ieff = 1.98 x 109 mm4 ‘
@

The area of the traﬁ%fdrmed section is' given by equation (6.7)

¢
! . T
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blad + n (tj+tp)]

A = 282000 mm? ,

Compressive stress in the core is given by equation (6.8) as:

i

@ = Plg + 50

. 1 42x147"
o 222 x 103 (——— +
cc - ( 282000 1.98 x 109)

vec = 1.48 MPa

Y
-

”~
Compressive stress in the skin is then:
Ocs = N Occ
Ocs = 14.8 MPa .

i

The stress in the far skin is found by evaluating equation (6.10)

' . Ots = "P('}\— B %) g
| a1 42108,
Otg 10x222x10 (282000 1.98X109)

Ots = 3.09 MPa (compression)

The calculated stresses in this particular wall indicate that the core
blocks just started to. crumble at occ = 1.4 MPa. Failure of this wall

is characterized by skin buckling due to core failure at bed joints.

4

/

W@

1 d
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Table (8.2): Stresses in walls under axial loading
with eccentricity of d/6

Applied Compressive stresses MPa
Sample | Load a I ;
kN Core | Skin 1 Skin 2

# mm 109ﬂm4 oce acs Ots ,
cl 222 - | 147 1.98 | 1.49 | 15.14 3.09
€2 200 139 1.69 { 1.44 14.65 1.46
C3 222 171 2.76 1.34 13.64 4.76
ca 200 158 2.38 1.24 12.58 6.78
C5 200 155 2.16 1.30 13.22 6.04
C6 178 143 1.71 1.27 12.86 4,84

8.4 WALL IN IMPACT

The strain energy due to bending is calculated for each wall at
failure using the equation Uy = ;é3 where P is the ultimate static load

applied at the centre of the wall, this is also given by :

Ub :.2_.M_é.=__L____2f IA ' A &
L Lc

-

for fr = 4.5 MPa

=-311 =318y 100

Wh Lc 5

Values of Y are calculated and listed in table (8.3) for all walls. The

average span length for each wall 1¥ 2440 mm. Other data are obtained

from table (7.3). . \ . *

|
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Table (8.3): Derivation of v for impact walls =~ *
I -
Sample U c A
# N.m 106 mm4 mm mm 3
, I 757 166.1 | 116 7.9 | 5.5
12 678 146.1 102 6.8 [ 5.3
13 701 164.1 | 118 7.0 5.1
14 576 108.1 117 5.9 3.5
I5 610 119.9 118 4.9 3.0
16 542 127.3 113 4.2 3.2 [

Using wall I1 as

d

n

t1
]

L]

an example :

254 mm
3.91 mm
757 N.m

L= 8'-0" = 2440 mm E

Equation (6.1) gives: ¢ = d.—?§%f§—

= 1205 mm
= 4,71 mm

= 7.9 m

= 12500 MPa

Equation (6.2) gives: I = bd2 tita/(t1+tp)
!
I = 1205 (254)2(3.91)(4.71)/(3.91+4.71)= 166.1x106mm4

Then

X

X

X

v = 9x166.1x106x7.9x100 _ ¢ ¢

Wl

gy - PN -
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Only 5.5% of the t%al kinetic energy is absorbed in the form of bending
strain energy.

The average values of 5% ‘and 3% for 250 mm and 200 mm

‘thick walls will be used respectively.

e
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CHAPTER 9

RECOMMENDED DESIGN PROCEDURE

In designing "SBC walls with thin faces, there are two consider-
ations: First, bending and compressive capacities of the wall are
governed by the strength of the skin in tension or compression and the
core in compression. Second, effective area and moment of inertia of
Tﬁsd;ross section depend on the loading condition of the wall. The

limiting extremes are:

1) Wall in pure bending: The skin alone provides the requir-

ed resistance and the core is not considered.

2) Wall in pure compression: The core provides part of the

compressive resistance. The transformed area and moment
of inertia of the core, along w%th those of the faces, are
considered. This is also the case in the general loading

condition of compression combined with bending.

Axial loading provides positive contact between the blocks at bed
) joints and the core is considered to be continuous in the compression
zone.

-

The design task is to find the required skin thickness for each
side of a wall. The éxperiments indicate that core stresses at failure
are\1.42 MPa and’1.27 MPa for 250 mm and 200 mm thick walls respect-
ively. Consequeﬁt]y, characteristic-stress of 1.2 MPa for 200 mm walls

instead of 1.4 MPa is recommended.
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Table (9.1) lists the ultimate capacities, under axial compressive
load, of a 200 mm (8") wall for all combinations of skins thicknesses
from 3 to 24 mm. The given values are for one meter wide section with-
out any bending. Similar values are given for a 250 mm (10") wall in
table (9.2). A diagonal Tine across the tables replaces values equal to
those found at its top end. For example, the axial load carfying capac-
ity of a (6,12) - 200 mm wall, where the thickness of compression skin
(t1) is 6 mm and that of the tension skin, (tp) is 12 mm, is 402 kN/m.
This is found by tracing the diagonal 1line passing through location

(6,12) read the value indicated at its upper end.

Table (9.1): Axial Load Carrying Capacity of 200 mm Thick Wall, kN/m

t2

t 3 12 (15 {18 {21 |24

(=]
O

crl. 3 237 | 278 | 320 | 361 | 402 | 444 526

485
I Y R B
6 Ve /,/// A //4// 556
o
/ -
v

589

622

X T '
. / Ve /'/ L
15 ’/'I / /f / 656

/
/J
yd
“ //, // . . ”‘/
' s “ ’ 7
18 / / yay | | 602
- P an | | 72s

24 e 7 4 ///" 1 | e

21
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Table (9.2): Axial Load Carrying Capacity of 250 mm Thick Wall. KN/m

t2 N [
t1 3 - 6 9 12 15 |18 21 24

3 | 333|382 | 430 | 480 | 529 | 578 | 627.| 676

/ // /
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_CHAPTER 10
CONCLUSION

Surface bonded Sparfil concrete masonry blocks offer certain
advantages to the construction industry, the 1ight weight and inherent
insulating properties, the strength and weather resistance of SBC skins,

and a rapid erection procedure.

The structural capacity is governed by the compressive stréngth of
core blocks, and at failure the edges of tﬁé Styropor concrete block
crumble causing the wall skin to buckle at bed joints. An increase in
the overall ggpacity of the wall cou]d‘ be achieved by \improving the

blocks strength and their dimensional uniformity.

]

Sparfil block walls with a nominal skin thickness of 3 mm provide
adequate strength for many applications .with limited load carrying
requirements and the walls performance in bending although controlled B&
the skin is superior to that of a conventional masonry block wall with

mortared joints.

The ability of SBC wall system to absorb impact energy is substant-

jal. Due to the damping property of Sparfil® concrete, much of the

impact energy is dissipated in the core.

Since SBC skins provide all the bending resistance and some axial

load carrying capacity, rigid qué]ity control. in preparing the mix and

good workmanship in the application are essential. In particular care

must be taken to avoid cold joints, due to work interruption, at any bed

joint level.
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. APPENDIX "A*®

Bending Tests Data on
200 mm (8") and 250 mm (10") Walls
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: APPENDIX "B* .

"

Compression Tests Data on 200 mm
(8") and 250 mm .(10") Walls.
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e " “ APPENDIX "C"
. Impact Tests Data on 200 nm
(8") and 250 mm (10") Walls
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Table (Cl):
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~

Impact Test Data on 10" Surface Bonded
Sparfil Block Walls

:

Test #

Height | Impact Deflections Average Skin
& Date | of Load : Thickness at

Drop | Midspan- Support Failure Plane

(in) (ft .1b) (in) (in) (mm)
I1 12.0 100 0.125 4.28

15.6 130 0.154 4,86

22.8 190 0.158 5.00

30.0 250 0.178 .

55.0 | 458 0.227 &

61.0 508 0.305 verage

67.0 558 0.365 0.054 4, 71
I2 12.0 100 0.092 4.72

18.0 150 0.107 4.84

24.0 200 0.120 5.00

30.0 250 0.135 -

36.0 300 0.142

42.0 350 0.150

48.0 400 | 0.180

54.0 450 0.205 ' Average

60.0 500 0.285 0.017 4.85
I3 8.0 67 0.035 4.28

14.0 117 0.058 ) 4.70

20.0 167 0.078 4.72

26.0 217 0.098

32.0 267 0.102

33.0 317 0.108

44.0 367 0.161

50.0 417 0.221

56.0 467 0.251 Aver age

62.0 517 0.326 0.050 4.57

Average Walls dimensions: 4'- 0"x8'- 0"x10"
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Table (C1): Impact Tests Data on 8" Surface Bonded
Sparfil Block Walls
Test # | Height | Impact Deflections Average Skin
& Date | of Load Thickness at
. Drop Midspan Support Failure Plane
(in) (ft .1b) (in) (in) (mm)
14 14.0 117 0.086 3.60
18.0 150 0.114 3.34
22.0 183 0.127 3.46
25.0 208 0.140
29.0 242 0.151
32.0 267 0.156
36.0 300 0.159
40.0 333 0.161
45.0 375 0.166 Average
51.0 425 0.235 0.003 3.47
16 1-18.0_] 150 | 0.090 _ 3.44
24.0 200 0.140 3.78
30.0 250 0.170 4.06
36.0 300 0.191 .
42.0 350 0.209
48.0 400 0.230 ‘ Aver age
54.0 450 0.251 0.058 3.76
16 18.0 150 0.075 4.00
24.0 200 0.102 4.08
30.0 250 0.155 4,18
36.0 300 0.195
42.0 350 0.210 Aver age
48.0 400 0.239 0.074 4.09

Average walls dimensions: 4'- 0"x8'~- 0"x8"
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4" SPARFIL Block

Gross Area: 56.64 in2
Net Area: 45,64 in2
Nominal Weight: .10 1bs,

Moment of Inertia of Horizontal cross sectiop! 61 in*
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Fig. (D2) :
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6" SPARFIL-Btock

Gross Area: 87.89 in?

Net Area: 66.89 in2

Nominal Weight: 15 1bs

Moment of Inertia of horizontal cross
212 in"

section:

1o
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Fig. (Dp3):

8" SPARFIL Block iy '

Gross Area: 119,14 in2

Net Area: 82.14 in2 . -
Nominal Weight: 20 1bs, , : ,

Moment of Inertia of horizontal cross section: .

478 in* - — ;
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Fig.(D4) :
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10" SPARFIL Block, /
Gross Area: 150,39 [in2
Net Area:" 107.25 in?
Nominal Weight: 25 1bs _
Moment of Inertia:horizontal cross section:
922 in* . ‘
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