
Univ
ers

ity
 of

  C
ap

e T
ow

n

 

 

 

 

 

 

 

 

 

The copyright of this thesis vests in the author. No 
quotation from it or information derived from it is to be 
published without full acknowledgement of the source. 
The thesis is to be used for private study or non-
commercial research purposes only. 

 

Published by the University of Cape Town (UCT) in terms 
of the non-exclusive license granted to UCT by the author. 
 



Univ
ers

ity
 of

  C
ap

e T
ow

n

l 

I. 

i 



Univ
ers

ity
 of

  C
ap

e T
ow

n

ii 



Univ
ers

ity
 of

  C
ap

e T
ow

n

was 

as it is more 

reason was De~CCJUse 

• 

• 
even 

.... r"Tn"'~ .. reason was Deco 

a 

were on 

• 
• 
• 

1'1"\'::',,0. were 



Univ
ers

ity
 of

  C
ap

e T
ow

n

It is 



Univ
ers

ity
 of

  C
ap

e T
ow

n

F 

1 

1.1 

2 

10 

3 

v 



Univ
ers

ity
 of

  C
ap

e T
ow

n

4 

on own 

5 

D 



Univ
ers

ity
 of

  C
ap

e T
ow

n

I 

1.1 

1 

is 

QII' .... n'QrI as a means 

Tp-JI~-;;r-~~--INNER WALL 

AIR SPACE:-----f=~a__, 

METAL TIE------b",-L-------,+____, 

WEEPHOLE 
(MORTAR OMITTED) 

1 : 

1 

/"'&--+----BRICK 

~=;::;rl---- MORTAR JOINT 

a 

or 



Univ
ers

ity
 of

  C
ap

e T
ow

n

use is no means a 

is 

was 

ora 

common as 

on 

were 

were nu,,..,.,,, 

or 

2 



Univ
ers

ity
 of

  C
ap

e T
ow

n

were 

are 

is 

cross-

3 



Univ
ers

ity
 of

  C
ap

e T
ow

n

were 

course 

LATERAL LOAD 

reasons 

4 

UT\4~-SUPPORT 

-+--TIES 

.... J4::...-- SUPPORT 

some 

a one­

as 

use. 

a 

is 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1 

a 

some 

were 

on 

5 



Univ
ers

ity
 of

  C
ap

e T
ow

n
or 

as is 

(l 

some 

6 



Univ
ers

ity
 of

  C
ap

e T
ow

n

on 

are 

1 

a use 

is reason 

answer was 

was 1 

<It 

it was 

<It 

use 

7 



Univ
ers

ity
 of

  C
ap

e T
ow

n

butterfly type tie wire and 6,7% said: "Don't know of any other 

approved tie available". 

• Additional comments to the fourth question made by 

contractors were; ';Crimp Ties are more economical; less 

possibility of ITKlrtar falling on the tie w r e: cheaper, was good 

enough for buildings built prior to 1997, (date when NHBRC 

implemented the use of Butterfly Ties]: far better than Butterfly 

Ties, because crimp ties ore fool proof". 

QUEST"'" " w~"" w .. .... do you "'. , _ "'"' , " 

RESPONSE: Buttorfly Tow 

Figure 5: Response to Question 1 ot Survey 

" 
'" 

'"'.,----,---~ -'--''' 55.7 
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L "' 0 0 

c~ __ 
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" .... , ,,," ~ , ~ , · OO ll . , ~ " ~~.,"" ~ 

~ '"","'"N_' .. ", ' ..... , ... " '"' ~ 0, ..... "'" '" 0c<Y<'''' 
• ... "..~ 

""'" 

Figure 6: Response to Question 2 of Survey 
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I , 
OUESTION 3 If you had a choice which type of tic .ore would you m"k~ U~~ 

of? 

~~ ,i.1 

III I I 
'" I 

Cl_ " 
C""'P T; ~ w;.~ liUll~ 'fly ,,~ Do,,'L '"OW,,, 

" ~ w;,~ a n, oLh e . 

a pp'''v'''' L ... 

a va 'at<e 

figure 7: Response to Question 3 of Survey 

Question 4: What is the reaSon for yaur chaice? 
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Figure 8: Response 10 Question 4 of Survey 
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In the light of the above, it is apparent that the Butterfly Tie wire is 

more commonly used, not because it is cost- effective, nor because 

it necessar'11y fulfils its principal func tion. There is therefore the need to 

Know v,hether other wire tie:; could not also fulfil this main function. 

1.4 TIE SELECTION A.ND TYPES OF WA.Ll TIES 

The strength and deformation characteristics of the tie system are 

not generally analysed nor investigated during the project design or 

9 
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';pecification pnase (iliA 1988i. Builoing code'; and standards hove 

typico:ly requ'reo minimum tie size (diameter cmd gal~ge,1 ana 

rIloximum tie ,pacing limiTs to contcol tie loading mlO cecorma"ion. 

Present 'ie size spacing cequicements have ceen derived from some 

testing ana fcom the past performance of traditionol tie sy,tems, 

Tilere are a number of different wali tie systems available on the 

market, -Ile "wo most common wail ties avaiiacle 'rom haroware 

';tore, are the butterfly "ype and the cr"mped type. 

SAFlS 28: 1986 provioe; only 0 de'oiled speciricet:on, but no 

perklrrnonce detoils cm the six wall ties (m mentioned below,', 

wherem SAES 0 164-1 :1980 gives oetaileo specifications and 

pe,"ormonce de toils, bJt ;or the vertical twist tie only, Athoug'l the 

fulowing wall ties are ail u';ed in cavity wo,] con,truction, the vertical 

'wist wal tie p'ovide'; bet"e' interection betweerl leovec; thcm do wire 

ties, except where lorge d';rerentiol move men:; ore I;kely to occu,' 

wnere tile wire is mOle suilable' 

1.4.1 Bu"tercly type 'ie (r,'gure 9} 

14.2 J\i1,odi'ied PWJ tie (Figurc 10) 

1.4.3 Doucle triangle type tie (Fig0're .i)! 

1,4.4 Single wire lie (C.'imp Type) (F.ig0're 12) 

,4.5 Vertical Twi,t (F.ig0TC 13) 

I ,4,6 Flat Twdeo (r.'gure J 4) 

'" 
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: MA1ERIAL 

Ml d Steel 

(GaIYaniled) 

Co_ 

Copper-zinc 

a loy 

,r- Stcinless 

_ Steel 

SUBSECTlciNT-WIRE DIA l I " R, min 

mm mm mm mm 
._- ~~ 

I 
2.3.2 

150+/-5 75 +/-5 
, a 

2.3.3 3.15+/-0.1 cr 

200 +/- 5 
2.3.4 100 +/- 5 

, 

2.3.5 

Figure 9: BuHerfly type tie (SABS 28 - 1986) 
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r~ ~ 
, I ~ " I _. / 

l-- ,1/ 

L ___ ' 

! 
MATERIAL SUBSECnON WIR~ 

C ! A • • C R. m'l , ! 
0" I 

mm ! mrn I mm mm mm mm , ~ 

I Mild SHIel I 
: IGotvonlled! . 1.3.2 , , , 

'W 75 ;.,- , 

f- Copper 
+/- S ; 

2.3.3 3.15 +,. U " 
0' ~ 

~ +/·5 
Copper.:jnc 2.3 .• , 

200 

"" 0'''' , , 
I +,- 5 +/- 5 

, 
I -

~'oinlfl.s.l 2.3.5 ,,,. 
, j I - -

fIgure 10. Modified PWD Type Wall TIe (SASS 28 1986) 
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1-' -I 
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I , ~-- L , 
, 

: MATE RIAL SUBSECTION I WIRE [liA I , 
i e , , , , 
, mic , 

mm mm mm mm mm mm mm 
, ~ild Steel 

, 

, 
i (Galvanized) 

, 
2.3.2 , , 

4.3 +/-0 .1 150 +/-5 , 

m 
Copper 2.3.3 65 

72+/-2 7+/-2 50+/-5 200 +/- 5 +/- 5 
Copper-linc 2.3.4 " 

, alkly 4.0 +/-0.1 , 

I 

Stainless 2.3.5 

Steel 
1 , , 

-
Figure 11 . Double Triangle Type Wall TIe (SASS 28 - 1986) 
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l 
, , 

J 
, , 

, 

j 

I 

, MATERIAL I SUBSECTION WIRE DIA , , R. min , Y min 

i i ~ mm mm mm mm mm , 
Mild Steel 

iGar.anized) 2.3.2 , 

! 4.5 +1-0.1 150+1-5 , , 
, 

cr I 
Copper 23.3 

'XXJ+I- , , 
_ .. --- 70+/-5 8 22+/-2 7+/-2 Copper-linc 2.3,4 i 

"""' 4.0 +/-0.1 

Sla" ie% 2.3.5 
, 

Steel I 
- . . . Figure 12. Single Wire Type Wall Tie (SA8S 28 1986) 
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. 
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mm 
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(Golva,ized) 
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• 
4.5 - / ~ 

"' 2():) +1- S 
Copper 2.3.3 

m '10<-/ - 1 Copper-me alloy 2.3,4 50 

255 .. /· S 

• 

4.0 "1- m 
Steinlell Stee l 2.3.5 

0 ' 385+/- S 

Figure 13: Vertical Twist Type Wall Tie (SASS 28 - / 986) 
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-- _. -
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Figure 14: Flat Twisted Type Wall Tie (SASS 28 - 1986) 
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Figure 17: Apparatus for testing Resistance to water 

3.2 METHOD FOR DETERMINATION OF CHARACTERISTIC STRENGTH 

3.2.1 Introduction 

A <;eries of tests were carried out with the intended use of masonry· 

masonry applications, with a de<;ign cavity width of 50mm. The aim 

was to type test the ties in accordance with AS 2699 - 1984 and 

assess their performance against the requirements of AS 2699 - 1984. 

3.2.2 Tie Description 

The Wall Ties both the Crimp and Butterfly Type are of galvanized 

mild steel wire and 3.15mm in diameter as shown in Figure 18 and 

figure 19 below. 

42 
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,r r 
Jl 

Ire Tie Figure 18: Crimped W· . 

i"= =====~==~= 
XI 

Figure 19 Butterfly Wire Tie 

[Dimensions are "ive~ 0 '" ",>gure9) 
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were 

FIRST LEAF OF BRICKWORK SECOND LEAF OF BRICKWORK OR 
WALL TIE IN MORTAR BED-JOI T TIMDER OR MET L STUD 

Q!RECTION OF FORCE 

A = VERTICAL DISPLACEMENT, 

B = MAXIMUM CAVITY WIDTH 
FOR TIE UNDER TEST 

NOTE: SIMULTANEOUS HORIZONTAL DISPLACEMENT ALSO APPLIES. 

- 1 

a 

12 
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Figure 21: Zwick Testing Machine 

3,2.7 hepo'otion and Son1pling of Specin1ens 

• T'"1e specimens were tested on t'"1e 7" day ofter the 

com Iruction or t'le couplets WOl com pie led. 

• T'"1e spec'rnens were randomly divided into two equcl groups, 

one 0' w'lich WCI uleo in Ihe compression lell ond I'le other'n 

the tensile test" 

• In I'le lensiie tell. eoc l1 poir 0' couple Is WCI r"rmiy held by Ihe 

nlachine in the relative pos:rons they wou'd OCCUPY if no 

d;,plocemenls occu'red, The couplets were then disp'oced 

relct:ve to each ot'ler by cn a'floun l depenoent on 'he type 

or tie being tested, 
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CHAPTER 4 

RESULTS OF TEST AND DISCUSSION 

4.1 RESULTS OF TESTS FOR RESISTANCE TO WATER TRANSFER 

Butterfly Tios 81',cl Ccimped Ties were les led fo' V-,'ater I rGI',sior IJSir1Q 

differ'ent scenarios as ir1dicatocJ ir1 Ihe lables bebw: 

Key' B - Buller!ly Tie 

'./',1 - 'NGler Transfer 

C - C'imped Tie 

4. I, I B,ltterfly Tie 

LABEL/NO 

8'1'1,1 - I Horizon!GI 

rOSITION 

8'1'1,1 - 2 \.'erticoily J)wered by 

BW 3 Crip upside down 

IOmm 

BW - 4 ,V,ortor droppings ,om drip 
-----

Figure 22: (BW-l) 

OBSERVATlON 

Blotting Paper Cry 

Bl8lling rope' Cry 

Blotting Papo' D'y 
-

B',,-)lling rope' D~y 

--

-
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Agure 23: IB'N-2) 

figure 24: (BY.'-3) 
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Figure 25: (BW-4) 

4_1.1.1 O'scussion on Buttertly Tie 

The Buttertly Tie fuifi Icd i:s rcqu!'emcnts tor water transfer. 

i: wos observed that when the Bltterfly Tie wos placed In the 

~'O'izonlal position, then ver:ically lowered by 108"1"1, wiH' the drip 

upside down and w-th "10'tor droppings on :he drip, no water 

transfer hod oecu"ed_ 

A: one ;:age woter did transfer fro"1 the oderleof towords H'e inner 

leaf. bu- io·tul'1a-ely the wa-er d'opped otf be'ore it reached :he 

drip. However when the Blt:e"ly Tie wos placed under tension, the 

drip port was pu led closer to -he inner leo' al'1d H'eref:Ye the 

possio-lity is :here that if :he Bu:terfly Tic is pi aced upside down, and 

this type at t'ansfer did toke ploce, then wooer cou d ~'ove 

transferred to the inne' wail. 

.'il 
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4.1.2 Crimped Tie 

LABEL/NO POSITION OBSERVATION 

CW - I Horizontal Blotting Paper Dry 

CW"2 Vertically Lowered by 10 mm Blotting Paper Dry 

CW-3 Drip Flat on side Horizontal Blotting Paper Dry 

CW-4 Drir Flat on side Lowered by 10 mm Blotting Paper Dry 
, 

-
CW -5 Water directly on tie Blotting Paper Dry 

Crimped Tie after t ensile test. Hardly 
I Blotting Paper Dry CW-6 any drips- horizontal ! 

Crimped Tie after tensile test. Hardly: , 

I 
CW -7 

any drips- Lowered by 10 mm __ J~lotting Paper Dry 

Figure 26: (CW- 1> 

52 
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4.1.2.1 Discussion on Crimped Tie 

The Crimped Tie also fulfilled all the requirements for water 

transfer. Even on a Crimped r e that W::JS previously· used in a 

55 
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tensile test and where there were hardly any drips left. the 

Crimped Tie sl ill fulfilled its required function. 

The Crimped lie was tested for water tramler in a horizontally 

correct position with the drips lacing down and then vertica lly 

lowered on the inner leaf side by lOmm. It was also tested with the 

drip horizontally flat on its side, then with the drip horizonta lly flat 

on ils side but declined by 10mm towards the inner leaf. 

Afterwards it was lested w th wa ter dripping directly onto the lie. 

Aller jf was used in a tensile test. a Crimped lie. with ha rd ly any 

drips, was tested lor wa ter transfer and the so me lie was also 

tested, declined by lOmm towards the inner leaf. 

In all cases the blottfng paper was found to be dry ofter the 

minimum test period require d and a lso after on eKtended test 

period. 

4 .2 RESUlTS OF COMPRESSION AND TENSILE TESTING OF TtES tN COUPLETS 

Tobie 5: Butterfly Tie CompressIon Test Results 

, ' 

TobIe 6: Crimped Tie Compfenion Tesl Results 
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t 

Figure 33: Butterfly Tie Cc mpression Test result in Couplet 

. -"" ,-' 

, 

Figure 34: Crimped Tie Compression Test result in Couplet 

4.2.1 Discussion on Compress on res-ing 

The results of the compcesskn tests on the specimens are shown in 

Tables 5 and 6 and fi;lures 3_3 c'1d 34. In each case the load of the 

"compressed" force was reccrded. 
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They show that the mean load for the Butterfly TIe was 674,3 Nand 

the mean load for the Crimped Tie was 1114,67 N. The only vi,ible 

sign of the Butterfly Tie having been tested was the brick couplet> 

falling apart due to the excessive force applied. 

The actual compressive failure strength of the specimen in a structure 

is actually even lower than the chaacteristic strength. For design 

purposes the Codes apply an additional material (safety) factor of 

1.5 to material strength, but that is not applicable when actual failure 

capacities are being evaluated. 

Therefore, according AS 2699-1984, (Tobie I), Table 7 the min 

characteristic strength of wall ties is shown: 

Table 7: 
:'>11"1IM(JM CHARACT.ERISTIC STRE,,'GTH A;\'O STIFF"ESS 

OF WALL TIES 

, , , , 
\1;,. ,"""',,',, .. " .. '~th. 

et.",;",,,i"n " ."in. "."'''"i>1;, 

T'''K>n eQ"'O .... in' 
",1!",,,. 1'."1,,,,,, 

L;, 'H d'",y O.2~ U r<o"ppli<.>ol< 
M«l;"m del, 0" " " HcO¥y du" u, " " E.,,"_,,,, .. ,. ""'Y ,,' '.0 '0 

Watermeyer (1999) write, in a report to SABS that based on some 

work done in the SA Transport Services Track laboratories in the mid-

1980's, the Joint Structural Division recommends that the 

characteristic strengths of ties should be slightly higher than that for a 

medium duty tie, viz, Characteristic strength of 0,6 kN (Tension) and 

0,7 kN (Compression). 
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In the opinion of the writer, the Butterfly Tie and the Crimped Tie are 

to be classified as medium duty_ Therefore according to AS 2699-

1984. Table 7, the minimum characteristic strength for compression is 

0,6 kN_ 

According to Table 4 reflecting the characteristic strength applicable 

in the test performed, the characteristic value was 0,474 kN for the 

Butterfly Tie. Consequently, with a salely factor of 1,5 this will give a 

minimum characteristic strength of 0,32 kN which is NOT within the 

limit of table 7. 

Table 6 shows the characteristic strength for the Crimped Tie as 0,909 

kN and with a safety factor of 1,5 will give 0,61 kN, which is within the 

limit of table 7. 
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figure 36: Crimped Tie Tensile Test result in Couplet 

4.2.2 Discussion on Tensile Testing 

The results of the tensile tests on the specimen> are shown in Tables 8 

and 9 and fig ures 35 and 36. 

In each case the load of the "pull-out'" force was recorded. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

They snow -hat tne '1'ean load fer ;he Butterily Tie was 2789 N emd 

tile mea'llcad for the Cri'l"'ped Tie was 1083 N. Tne ··pull-out"· ierce 

was ]rea;er in tne case ct the Butterfly Tie, because tne Bl'tterfiy Tie 

~Im 0 greoler ureo embedded 'n 1~le '1'81"101. 

In ncme of 1~le tesls was til ere allY illdicaticn cf tie failure. The cilly 

v'oible sign cf 1~le Cr'mped Tie having bee'l ;es;ed, was ;'slippage'" 

emd Ihe v's'ble s'gn ci Ine But;erilyTie havi'l] beell tested was tile 

oe'l1101 drip sec;io'l cf tne ;ies, extending. 

Tile '1'i'limum characteristic ,tre'lgtn for tenoicn io '0,5 kN aocc'ding to 

AS 2699-1984, ·:TuU" II Table 7. 

'ne teno'le tesl for the bullerflyTie accord'lg;c table 8 prodl'ced a 

chO'ac1er'slic slrwl9l~1 of 2,SJ3 kN and witn a safe;,.. facler of 1,5, wil 

g;ve 1,663 kN Wllich is within well witn'n tne lim't. 

Accardi'l] to table 9, tne tensile -e,- fer lhe Crimped lie shcws 0 

cnaracteristic strengtn of '0,832 IN. Wil~1 0 solely foc1ol cf 1,5. Ihis will 

prov'de a va:ue of '0,555 kN which is wil~I'n the 1;'1"1 01 -oble 7. 

4.3 RESULTS OF COMPRESSION AND TENSILE TESTS FOR THE TIE ON ITS OWN 

4.3.1 Inlroduct;cn 

Tc be more comprehenoive in Ihe lest"ng cf the lies, Ihe mrhol 

decided tha-, in addition to the woler tronsfer lesl emd Ihe -ie i'l 0 

couplel test (w~l:ch :ncluded mortmi, ccmpressio'l alld te'lsi:e tes-s 

cf 1~le butterfy ~ie and tile Crimped Tie, eacn O'l h own, be done 
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""e"'lyTle (on its own) CompressIon Test result 
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Figure 

4.3.1 Discussion on Compression Tests results 

The characteristic strength of the Butterfly Tie in the compression test 

accarding to table 10 (figures 37) is 0,335 kN and for the Crimped Tie 

in table 11 (figure 38) is 1,628 kN. This test result proves very clearly 

that the Crimped Tie has a greater resistance to buckling under 

compressive loads, than the Butterfly Tie. 
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Figure 39: BuHerfly Tie (on Its own) Tensile Test result 

4.3.2 Discussion on Tensile Tests results 

In the tensile tests the characteristic strength of the Butterfly Tie, as 

shown in table 12 (figure 391- was 0,584 kN and in table 13 (Figure 40) 

for the Crimped Tie is 3,913 I<N. 

It is very clear that the crimped Ties' characteristic strength in tension 

is more than six times greater than that of the Butterfly Tie. 
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APPENDIXB 

.um~"Y '" _ "NSION 

BUTTERFLY TIE TESTING FOR TENSION 

BUTTERFLY TIE TESTING FOR COMPRESSION 
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APPENDIXC 
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CRiMPED TIE _ TENSION 

~;'RiiM :j1D"'i"IETESTlNG FOR 

I I ~\ 
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CRIMPED TI~ - COM'HSSIOH 

TIE TESTING FOR COMPRESSION 
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APPENDIXD 
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BUTTERFLY TIE - WATER TRANSFER 

\ 
\ 

CRlMrW lIE - WAIE~ lRAH!>fUI. 

CRIMPED TIE - WATER TRANSFER 
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APPENDIX E 

QuesnoNAIRE ON WAll liES FOR CONTlACTORS 

NO QUESTION RESPONSE 

----- . . 

I. 
i Which wall ties (tie wires I do 

you mal:::e use of? 
.-

2. 
Whot i~ your reason for the 
use lheteof? 

II you had a choice. which . 
3. type of tle wire would yoo 

malee use of? 
.. 

4 
What is the reason for your 
choice? 

- i •. . 
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APPENDIXF 

CRIMPED TIE: TENSION TESTING TYPICAL GRAPH 

Parameter$: 
?<"'" nur,b« 

~" T."",""-1 

" .. "" Co,lome, 

Protoco! 

M.te"" 
Exien<cme1ec 1001'1) 
LoC>d col 
Spe,; . ....."., !Tip> 

P,._~ 2 N.'''''''' 
Pre·ioooj ,,.,..;: m """'_ 
, ,,",, ,,_ - 100 """rr;;" 

Series graphics: 

• 
L • 
! 

o , , 

Statistics: 
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