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Preface

As the number and importance of fixings and fasteners have
increased in recent years, so has the need to ensure their correct
use on site. Faced with a bewildenng multitude of devices and
adhesives, the first problem 1s, which fixing to use; the second,
how to use it so that it achieves its maximum effect.

This book is intended to help the practical man with both of
these problems. It will not attempt to advise on the design of
heavy duty structural connections — this work is the domain of the
engincer. It will, however, give advice on the nstallation of the
device specified by the engineer and, where a choice exists,
explain the different types of fixings and fasteners available, and
which should be used where.

Fixings will be considered within five major categories — the
first four consisting of mechanical fixings (all fixings except
adhesives), the fifth consisting of adhesives (chemical fixings).

Mechanical fixings are divided into four categories depending
on the type of base material into which they are making a fixing
(mass walling, timber, metal or cellular matenals). A more detailed
explanation of these divisions will appear 1o the next chapter when
we discuss types of fixings. It is sufficient here to say that the
reason for this choice of categories is because the character of the
base material exerts considerable influence over the type of fixing
which can be used. and therefore a classification by basc material
makes good sense.

Each category of fixings will be deale with in 2 sumilar way. The
chapter will start with a brief description of the problem of mak-
ing fixings to the particular base material: then cach fixing device
or fastener will be deale with individually. It will be described, its
uses or applications discussed, and the method of its setung or
installation given. These serring instructions represent the mummum
amount of information necessary in order to use the fixing cor-
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rectlyv. ot quick, pr.u'm“.ﬂ assistance, this 1s the only part of the

chapter that need be read, along with the general advice contamed

at the begimnming of cach chapter and 3 glance at the appropriate
Nustrations. For those who are interested n finding out more,
there 18 a secnon at the end of cach chapter giving additional back-
ground mformation concerning cach category of tfixing. This wll
i‘lt”‘P (o give a more hroad understanding of the fixing bemg con-
adered and may cast extra light on some of the advice given in the
Provious parts ot the chapter

In Appendix I appears a schedule of proprictary devices divided
mto the same Categorics, along with manufacturers’ names and
wddresses. Manutacturers will always be pleased to give advice on
the use of their products.

One word of warmng: as the complexity of fixing deviees
grows day by dav. more sophisticated devices are bemng added to
the product ranges. The advice given in this book is applicable to
the tvpe of device concernced, but may not be whnl\y correct for
newer or more speciahized devices. It is always advisable to Tedt
and follow the manufacturer’s mstructons when using a new
mr:ch.mlcal tixmg device or adhesive ut' whu'h VOl have no }“"-"

VIOUS CXperence.
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The importance of fixings

The importance of Hixings in the building industry has grown
immeasurably over the last fifty years. As construction materials
have generally increased in efficiency and strength, so structurcs
have tended to become lighter, made up of materials with a higher
strength/weight ratio. However, as 3 direct result of their light-
ness. structures have become more vulnerable to the effects of
wind pressure, sccidental impact damage and similar pusfortunes.
No longer can the sheer weight of a building, combined with the
low-grade adhesion that mortar provided, be considered suthcient
to hold the parts ot the structure together. High-strength mechan-
cal and adhesive fixings have had to come €0 the rescue, making
good the structural <hortfall that reduced weight brought n 1ts
wake.

What is more, as structural componenis have become lighter,
they have also tended to become smaller, presenting less area of
contact between the parts of the joint for whatever fixings may be
necessary to hold them together. S0 tW clve nails in a joint for
safety's sake where practically four would do, is no longer physi-
cally possible — even if 1t were cconomically permussible today to
2llv necessary. For chis reason alone

use more fixings than are re
number, and therctore cach has to

fixings have often to be fewer 1IN
be of greater strength and of thoroughly predictable performance.

All this has resulted in the growth of a new breed of high-
assured engroeenng achievement. Also,
hecome thinner, the character of
leading to ever MOre sophisticated

performance fixings with
s structural elements have
fixings has had to change,
fasteners and adhesives which can make fixings to chin or cellular
materials, like honeycomb core
which would not have been possible 4 few years ago.

esign of fasteners and adhesives where
The strength of the device or glue

partitions and doors — hxings

But it is not only m the d
the development pressure IS On.
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Types ot fixings
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s b the boadding ndustey wnd to be made brtween o bage
(untlly thie st sihstantinl of two elements jainted together and
Huﬁl i bhe fiesl dine te fies .mlliﬂ.-r-il;*ted; imd i mlllfdmr-)_’ m.mpufwm l:ﬁhli
oo sttbtantial of the twa elements), :-'_l.'y]ﬂt_.ﬂ-l cRITpley afe

'Y " mirsvnl 'y »

() n g between the strueearesl frame of 4 biatlding (the
L) and dis claddings (the subsidiary component),

(hy on bevween o landbearing wall (the base) and loadbearing
COHTanents, s b as ey Jeilnts, wiill plﬂw;. ponsf Vrussen,
bearers, ete. of special Gaetng matenial (the component);

() or between a nonsloadbearing collul partinion (the bise)
aned o sheld bracker (he connponenit) |

() or between g wall (the base) and a skirting bl ;(I?W

COMie ) _ . |
() o between o screeded subfloor (e base) and the flesie l;
(aish (the camponent), -

Clontly (e strenpgth required of the figings e the above
cxatnples viries considerabily; fram the heavy=duty fixing 4‘{! B
celiable steaerunl pedormance, thiough v the Hghtaduty fixing
for  inor component, sieh an o skirting bowrd ara o Ay
which carvies litde or o load, exeept pussibly the w dght of the
component, The steength of the Dstng will always be afleeted by
e strenggth of the buse and of the camponent. o

I sommethmes diffiedlt g decide whiteh of the Ewa paris con
pected Ly o fastener 18 the base and which i
Clsinally the heavier’ of the tweo o ”n I8 the base (th
tpal (e, eather than the chidibingdi But this s ook diws
e Sormetiimes thie twa miterialy sre identieal i Welght (€
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i of which of the tWoO elements is the base 1s unimpor.
the ng.snDF'l* < otion 1S relatively uncomimon and so throughoyy
- o ;luiszl;:ﬂ cefer to the base and the subsidiary component.
thl;;r::;b E‘l;-l ;n{g tWo l','l‘['t-_‘lild C:ltt‘.‘g("‘ll‘iCS —* Hll‘-‘d‘h}f:ﬁ:;if _ﬁ.‘t.'l'!llqs Which
inmivcha metal (or SOmMENMES plastic) nail, bolt, screw, 1doutrc1 or
socket to connect the component to the !hasc. and dwu:ﬁrm! _h;.;f.".gs
which consist primarily of adhesives. Tv_m types of chemical
fixing — the chemical anchor a_nd the injection ﬂl'lt‘ht)l" — although
thcw,-LEGIh rely on the setting of an adljcswu, are more like mechan-
ical fixings and therefore will be included 1n the appropriate
mechanif::l fixing section of this book. All other adhesives will be
examined together in Chapter 7.

Mechanical fixings, because the base usually dictates the design
of the fixing, will be grouped according to the type of base
material in which they are used:

(a) mass walling (brick, stone, concrete blocks and concrete
structure);

amber and timber-based products;

metal — heavy or lightweight;

cellular materials (hollow core doors, panels and par-

dtions) and thin wall materials (plasterboard, plastic sheets,
etc. ).
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The purpose of fixings

Fixings are necessary to hold the parts of a joint together. They

usually have to be strong enough to carry the weight of the sub-

s1d13r3-'+cor¥1ponent, together with any load that it might have to

carry (1.e. its self-weight and its imposed loadings). These are said

to be loadbearing fixings.

cgi?;;i[;::““?h:?:]?g 1?qmerjely inten'dec_fl to locate the subsidiary

e Dtl':cr fminl SS selt-weight and its imposed loadings are car-

Thees fivings a;e cgaliegr Dn. g ledg:l: formed in the base material.

Usually 2 fixing is mbf““"’é’” s

apart. These can Gperatéeicrrcrer:;niorizs Wl_'li(?h e thﬂj({im

» resulting from a force acting

parallel to the ax .

1s of a mech [ :

fr | : anmcal fixing an ot

omt the base material, This BN directiop: AwWeY

(whether it be the type of force tries to break the fixi
sh: k ¢ Nnxmg
pull the fixing ank of a screw or the film of adhesive), or to

ough, the base or the component. In

or pull-through failure (Fig. ;:)?VE therefore refer to pull-out failure

| /L =1
component l

AV,
Tension load \ \
Pull-out Pull-through
fallure fallure

Fig. 2.1 Failures due to tension loading

Joints are often subjected to shear forces. These forces act at
right-angles to the axis of the fixing. This type of force tries to
distort or break the shank of the mechanical fixing, or tear the
fixing across the component. This failure is referred to as shear

failure (Fig. 2.2).

Shear |oad Shear failure

Fig. 2.2 Failure due to shear loading

Joints can be subjected to compression forces — forces acting par-
allel to the axis of a mechanical fixing and towards the base mate-
rial. These tend to push the component into position against the
base and hold it there. Compression 1s rarely the cause of fixing
failure. It usually assists the fixing to carry out its task (Fig. 2.3)-

Fig. 2.3 Compressionona joint




- v e d oo y
SguecTng the TS
rc‘fﬁ r ‘IJ‘-.-‘-"
F
T 4 = " i B
e -
L] 3 lh—.' l' - J
Thix & cailed 3 ¢ : _ :
3 ) -J ‘n: I :-F : . i
. T 4 . —
= ‘-: r' —— '. . '
" - ¥ = -
qd » iy 4 3 -
o = e
e A F;L"
 I——r— -
-
';3:‘9
A ——
|
-
#.——h-—-'\—-.‘
—.’—ﬂ
% 2
—
——
ThE -
EvI : ‘ : ¥ L A | T-l
j | - " If - 3 'L'" *-F-FLr - "r" B & Fe=r - .
A through-Tixing & Krength gepenads I : P45 19 S
] ] . . i A i~ h =
socured together bomng stromg enough not to allow the head of U
B | = enink s | WESUS UM Wagpmy ey (S
A SRNE (O 388 WASDETS Or ni; o gl througn o natcrial ana
.--r.i-_d'-— - el Lk .- f.i" > - .I'._, - - i Il.-. § ' v ! ] l" 'rt..-
s LR REl v e LIS L atde LN} ra | x IFs- | ¥ ) ' Sy W § =
R T = ' . p— L —— - S— - ] g R .
SIE OF A OITION QUE 10 sHcar oading. EXampics Of s type an
R "i- L] r [ | = i ' s ® M i L ‘ g
J‘:‘i"' tﬁf:..':- -:""l.'l‘ _"_.‘_'._-. :;':"_':"': A ';I_"L'.f F:J:::I :j-r ‘:.._'_l' .:rl.. r_l-,p

y Ty g ] . | : _ kY. -
9ET conunectors spi-ting or toothed connectors). Generally this

this

- | i s 5 - . : |
FE A HXIRE prncrates considerable fricr i

» e~ il = " =
- AT DR LOTT

) CONLACE

._1' "“r ] n - o . ! 1 -
L‘,CE L | '?,’t{_ E,,.,'_L;_ 5‘_"':_1 O _r‘_‘]"‘lr:'ﬂr : r:’j ¥ 1< T™Hart - \ -','_'Tr.k.

. Hr- lj-_l-.l-}. L 11"-— -’lir—l ¥ hl
shear iz

lype 2. Making an anchorage in the base

The base material 1 pence
nough 1o allow
the load of the
michorage

rated b}' fhf_' ancnoragre ﬂ:{iﬁﬂ Bt =‘_=ﬂl'3'
10 hold fast and make 2 secure fixing to support
fi wubsidiary component. There are three kinds of
wmg. Those which depend on

{3) mak o1 ' : ]
ﬁnﬂ:;g N anchorige in 3 pre-drlled hole (a drilled-for

®) ddh“"mﬂ\’htbawm

nte the material, for

?f-ﬁ'ﬂil] bq‘ dﬂ\i’iﬂ?) Or ﬁf[ng fhf.'.' ﬁx[l"ig
CIng it to he compressed mto ieself (3

L
*

o sl L4 - -
- '1 :l“*

g -2 [AIng-in 2 hong nto the Dise matenad

WCTIRCSE theyr Dull-ant «res

. - -1'-. - 1
. FERgIa DY 1IN T of

- & ey & R F - - b ._._, - -
CESECTICY T Enst the Dase materiad (Fwg. 2.0
CTTROren
-
4
i WEE
" . 1.
gol = ey
e .
a s _."
ey
- " . B
W
oo
L]
- - - - --.
. e -‘- iTE s L 1 '.".:__
— g 4 _:i & H '
# - - LA ¥, el - - ] - - -l iy - e - -
A YR 24 EVICSS OGS CXPANGHIE anchnors. piuss,. Owiinecas
- - pa— -
nchors and spit-ning connectors
s [} o £ ¥ 1 i -J b--. N
= - | . e 2 Ts +11g vt ) O S TEWR r 1 T
_.I.r -.. - _‘ — 'L.- .lil-. » i;'."_-'.'-' l'-::-l'-'flu ;-:-.-1 -'.I.'L-. m:. E:ith.-. - “l*l& liau lﬂ-r‘h'-l
®

fixings actuated aicher by an explosive charge or compressed air

Type 2(c) devices include joist hangers, sockets, corbels, wall nes

Anchoragze devices are effecuve when pull-out or shear strength 1S

rr_q..nr'.-d

Tvpe 1. Adhesion
The component is stuck to the face of the bas¢ marenal with no
prior trearment (o either material, other than imm;hms their sur-
{aces and spreading the adhesive. Glues tend to perform most
cifecuvely in shear rather than in tension (Fig. 2.6).

sStrong
!

’Fx less strong
base | ﬁ Py

B

component

Fg. 2.6 Adhesive jount




In addition O che categories above there 1s a range of accessorjes

atended to be ased with mainly type (2) anchorage devices o
1 . . . - A -3 . o
rovide loadbearing Of restraint  fixings ftor subsidiary com

A % e " o . . + -
E‘Oﬂfllti These will be di‘alt with as accessories 1 the JPPTDPTiatg
<ections of this book.

How fixings are chosen

The choice of fixing type will depend firstly on the character and
size of the base material, secondly on the character and size of the
subsidiary component and lastly on the type, size and direction of
he load which 1t is going to have to withstand.

The size and character of the base material dictates the type of
fixing to be chosen, hence the division of mechanical fixings into
base material groups in this book. The base’s character alone waill
decide whether an expanding anchor can be used or if a particular
type of nail or screw fixing is feasible.

The strength of the subsidiary component, too, needs to be
considered if pull-through failure i1s to be avoided with certain
types of fixing. It should be remembered that a fixing’s strength 1s
directly related to the strength of the base and of the component;
and 2 jo'int can E:nnh: be as strong as the materials joined.

_The aim of a fixing 1s to achieve a secure joint which, in the case
B e o e
tables for their heavy-duty ﬁ; -y “";nu@cmfem Pmduc_ﬂ load‘
pecified known strﬂ;gth_) ngs used with base materals of

There 15 2 number of secondary factors that need to be con-

sidered w - ,

e ;‘:_:Stﬂzﬂsmgha fastener. Will the joint be subjected to
- ® c Or other structural move ' .

n the building — and if sg ement which may occur

ment? Is the fixin e hixing accommodate the move-
& made of a material that is compatible wi

: patible with the
es com;ﬁiil;ﬂ?[‘}?‘m .the bi,lsc and component
bility of matcrill - lsla.n important point. It
wn of the jﬂinﬂt* C;rms{ﬂﬂ could result, leading
4 preservative h;; b E}'plcal case where care 15
ome Prcstrv; ¢en used to treat the nnmber
manufacture t‘_"‘"’ﬁ could cause the nail plates
to corrode. If there is any doubt

, the manufacturer should

base and component mate
matenals themsely
there is INcompati
o early breakdo
needed 15 where

_ cts of s
be consulted. such treatments

Corrosion

The P?['Ob]t.‘ﬂ]!i of corrosion are particularly important when deal-
ing with metal hixing devices and these problems will be referred
to throughout the book when appropriate. Generally, corrosion

falls into two categories: galvanic corrosion and oxidation (or
rusting).

Galvanic corrosion

This 1s an effect which comes about when two metals are 1n con-
tact and can result in one metal being eaten away. It is often called
contact corrosion, or bi-metallic, or electrolytic attack. Some
metals can be used together; others cannot. It all depends on the
difference in voltage potential between the two metals. Table 2.1
(taken from information supplied by Harris and Edgar Ltd) indi-
cates which metals can and cannot be used in contact. Where it 1s
essential that incompatible metals are used together, the one must
be shielded from direct contact with the other by a neoprene
sleeve or gasket.

Oxidation
Steel or malleable iron fixings, because they are subject to oxXi-
dation in damp conditions, should not be used unless they have been
zinc coated. There are three processcs available:

1. Hot-dip galvanizing. The dipping of the element in molten
zinc gives a good, but uneven, protection and may ent.ail
re-drilling or re-threading small holes and threads, with
consequent loss of protection. s

>. Zinc plating. This1s an electro-plating process wl"u{Eh gives
1 uniform and ductile protecuve coating. Re-drilling and
re-threading 15 not usually necessary. LA

3. Sherardizing. This is a process involving the filffusxf}n of
hot zinc dust on to the element, giving a thin, uniform
coating. It 1s often not recommended for l:hrn:a‘dﬁd_e.le-
ments as there is a tendency for the coating to buld up on

the threads.

No zinc-coating Progess is completely w?thaut the dgpger af
minor defects or damage to the coating which could be thc:stn}?tf
ing point for COTrosion. lt._.iﬁ; ffﬁqﬁﬁle recommended thathmr}t;
heavy-duty fixing in locations with little or no access (wher




& corrosion could take place without dete |
& ; etect . 3
3 | 5 X ton) should be made of
E non-ferrous metal.
- - ‘ )
Sl 2 X X v X X un | Certainly stainless steel or other non-ferrous devices should
9 always be used in positions of extreme hazard (chemical plants
| | sewage works or marine locations) or where conditions of pro-
-~ longed dampness are expected.
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Mechanical fixings in mass
walling bases

All fixings made into mass walling bases have their performance
inﬂuencekd by the strength of the base (Table 3.1).

Density and compressive strength are the two characteristics
that most affect fixing performance. Dense masonry generally gives
the more effective support for fixings, but it is usually more dif-
ficult to fix to a dense masonry base because of the difficulty of
drilling or firing into 1t. Also the accuracy of holes drilled into
dense masonry 1s not always as good as it should be, dramatically
affecting the performance of the fixing. Low-density masonry, on
the other hand, gives little support to fixings like expanding
anchors and, once more, accurate drilling can be a problem. In the
case of acrated concrete — the masonry with the lowest density —
expanding anchors should not be used.

_A fﬁ_‘w guide figures to masonry materials’ vital statistics are
given in Table 3.2.

N;ljanufacturcrg produce performance data for their fixings when
appiicd fo base materials of particular compressive strength. These

ar | ' te { ' .
- cg u.sgall*y the result of tests performed in accordance with BS
5080: Part 1: Method of Test for Structural Ei

Ma_mnlr}’_and the recommendations
A.ssugatmn. If the base materia] does
fied in the manufacturer’s data
sulted and, maybe, further site ‘
performance of the fixing is sty

xings in Concrete and
of the Construction Fixing
not compare with that speci-
the company should be con-
tests should be carried out, if the
ucturally important.

lat no fixing into masonry can be
y itself and generally the deeper the

the voly . S
o me of masonry resisting its withdrawal
nger the fixing (Fig. 3.1)

ANCE can vary, it ; £ controlled test conditions,
> hormal to determine working

or ¢ ' .
> oA hixing's ultimate load (the

stronger than the masony
fixing, the greater

maximum load it can carry before failure)
is called 1ts first movement load (the point at
observed to move o.2 min). -

or alternatively to what
which the fixing is first

For tensile loading, the working load is usually taken as either
first movement load or ultimate load. ‘

= 5
Shear loads are taken as 75 per cent of safe tensile load and tensile
shock loading as half the safe sustained tensile load.

Section A: Drilled-for fixings — type 2(a)
The technique of drilling

Betore dealing with the fasteners in this category, it would seem
wise, as they all depend on the effective and accurate dnlling of
holes in the mass walling base, to examine drilling techniques and
the type of equipment used.

Drilling 1n masonry 1s not a cutting operation, as it 1s in tmber
or metal; it is a pulverizing and scraping process, involving abra-
sion of the drill bit. Masonry bits, therefore, have hard carbide
tips o glve maximum Wear.

There are six methods of forming holes in mass walling:

1. By hand, using
a percussion tool

This is a slow and laborious method,
particularly in hard walling. It can,
however., result in accurate holes,
particularly for the smaller plug-type

fixing.
2. Hand rotary Once more a slow process in hhfu'd
drill walling, particularly when dnlling

larger holes. In softer walling, like
common brickwork or lightweight
concrete, it produces accurate holes.
Electric rotary This is an accurate method of drillin_g
drill holes. but it can be very slow whtfn
the hole diameter exceeds 16 mm in
hard walling. It is reccommended tor
softer mass walling bases, such_- as
common brickwork or lightweight

Cad

conerete. .
4. Electric rotary/ An accurate method of drilling holes
umpact tool in hard walling materials, but its




o amteaoe § s walling bases: which fixing to yye
Table 3.7 Mechanical XIngs in ma £ o use;
able 3-1 °

A . . pequirement
= Base o=
& Duty e
. — _ Services
__Li e Medinm Heavy Dense Liw  Liw *{1‘?'ﬂm— | o
Fixing g copcrete  CONCrete conerele concrete mm«,.f& f'*"'i'*”‘ﬁ”"‘-" Brick- Brick- CI"}’ Stone: Stone; Eircln'ril}‘ CurnPre.:sﬂi
]'}'Pf h;t"tﬁk h!,ﬂ hﬂ{ rﬂ”“"flf H-'l.”'k. ll‘.'ﬂrk: biﬂ,['k: hnn’f 5t‘ﬁ l”'r
¢ _'Eﬂ“d t't‘”llhlr r::'HuIar -
= -
Plugs; ﬁb!’ﬂl‘li-'. * \/ \V4 \/ \/ V , |
plastic _}_ —1 Vv b Vv vV V
= LN e _
Hammer-s<t : \/ \/ v,
plug bd — V V v vV V
Plug"glng f v \/ | '\.-'- ,,
compound v . }—-_._._ V Y% 1% Vv
‘Expanding 1, .r y v \/ B | |
anchor v A L A . . . \/ V V V 3
F, / !J .""‘ ,.-"‘l -
Seli=dnll anchor v V \ N N - .V, V V
Ceiling suspen- :
sion anchor v V - V
[nsulation # ) : |
fastener V vV V V vV V \V V vV V
Cavity wall | # , . f .r
repair (mech.) vV V V \/ \ v \
’ /
Chemical anchor V V V v V vV V vV \ \
Cavity wall r
e i f ¥
repair (chem.) V v \ \ \
Injection anchor V.V V V A% V A
. : \ \
Screw-in anchor V N \,.f’ \/ '\/ ] | \/
Masonry nail vV vV \/ \V/ \ V
Powder-acruated : Y,
pin \V \/ \/ \/ \/ V
Prneumatic-actu- m v %
ated pin \/ \/ v/ \/ 3/ \/
Hammer-in ——
ancho
__l_mst hanger v/ v v . V
____-—-—"‘”-'- f _—
ﬁncbnr strap \/ 9 7 \/ :’/ = = Y
Cavity wall e \/ y —-*—";;'"f V 5
Eramp:‘dmvc] v R __,T \/ =
Cast-1n plug ", / 5 : \% RN - -
Cﬂ.ﬁl""ill Channﬂ V \/’ V et L —
Cast-in corbel \/ - — - =
v v/ rE
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Table 3.2

—— e —
———

! i l'):‘“_s‘f.’;' ( T_-_h__-"""
Material st Sompressivg
“"Q L } "'“T”ffh
(N
Ser ot - e
Seructural concrete . 2400 3540
Sratfordshire blue brick or similar 2000 184
Lichtweight concrete 2000 l$=10
Cammnn brickwork 1760 3010
Aerared concrete =00 2

area of stressed material
resisting withdrawal

Fig. 3.1 Eftect of the depth ot a tixing

effectiveness falls off when the hole
diameter exceeds 16 mm. It s
recommended for most mass walling
bases, except those
extremely hard.

which are
SEle st , - ST

s dl:l{;tm hammer Ihis 1s a quick method of forming
I a : 1

holes up to 24 mm diameter with

reasonable accuracy in dense con-

crete, hard brickwork and hard

6. Pue o stone,
* Umanc hammer his: ic :
drill This is the fastest method, but hole

dccuracy and shape are not always as
gmmd as they might be, This method
5 recommended for large-diameter

holes f; o |
.u)lut t_m' heavy-duty civil enginecer-
Ing hixings,

Drifh’n s

spee ;

ance when ujud! l;:td Mas::_mr}. drills produce their best perform-

600 tpm, fully lmdﬁd)mfﬁnun or slow drilling speeds (400 to
). Fhgh speeds resul m overheating and con-

stquent pre '
mature drill we
ll wear, Lower speeds, on the other hand
16

Fig. 3.2 The Hilti range of electro-pneumatic drilling machines

generate less heat which can be dissipated up the drill shank
(Fig. 3.2).

De-speed adaptors are available to enable high-speed drills to
operate at lower speeds. They also permit high-speed drills to
make much larger holes.

Where a walling base is faced with a delicate material, such as
glass or glazed tile, it is wise to use a Durnium-tip dnll at slow
speeds.

Impact adapter There are adaptors available which cohvert
rotary drills into impact tools. These usually only permit the use
of the smaller sizes of drill bit.

Paints to rementher |
Whatever method of drilling is used, certain points should be
observed: .
| The correct combination of rotary dnll or hammer, dn_ll
bit or tool should always be used. The size D.f dnill “mt
must always be that recommended tor the Pa;!ncu_lilr o
of fixing. This is essential if the fixing is to achieve its full
performance. m L we n el |
2. Every rotary drill or hammer is limited in its performance




- fiameter that 15 recommended by
Tt drI“ l"l'l{ t.h.l
by the larges

facturer for use m a specihed l‘-_.t.w materyal
tl-w Hmmﬁl | pdations should always be tollowed.
L-l*hm t't‘t‘t‘-'\‘;“?; g‘ivcn in the manutacturer’s Operating
1lnl:tlru}:::;: uil';r ;hc tool :;hquld ‘“W‘.i?'i 1‘“- “l‘*ﬁt'rwd,
m';:ludim: work method. {:IL‘..mmg Jn_d hi,jx-llt:t;g: nn
Atter cach hole has been drilled (and hL,tkj} L. _‘t{u -]ng 18
i\i.u‘n.,‘d in position) the hole should be "1'“”?_; _”‘t-f lr!ltlﬂg
just, preferably by using a l*-lt‘l‘s_\-‘-t.‘-ltl_l bulb. The efficiency
t‘*{-‘{hf fixing can depend on this (Fig. 3.3).

Using a blow-out bulb

Finally (and most importantly) safety glasses should
always be wormn when drilling to prevent dust and chip-
pings flying into the eyes. These can usually be worn over

any normal glasses and are made of sharter-resistant poly-
carbonate,

A1 Expanding anchors and plugs
Fixing devices contained in this section include:

\a) plugs (fibrous or plastic):
(b) hammer-set plastic plugs;
(€} asbestos-based plu

: ggmng compound;
(d)

expanding anchors of three ty
loose bolt type — socket t}’pl::
selt-drilling €xpanding anchors:
(t) expanding anchor: (non-
(&) spectalized anchor devie
anchors — ngy|

pes: projecting bole type —
(¢)

friction type),
¢s: including
aton tasteners — cav
The common factor be

they make an anchorgg

celling suspension
ity wall repair anchors;
tween all

£ 1 the

Bxings in this category is that
base material bv their CXpansion
)

within a drlled hole m the base. (The self=drilling expanding
anchor is an exception W this rule, because it drills its own hole.)
The expansion of the fixing presses on the sides of the drilling,
building up friction which gives the device its holding power,

Advice on dnlling holes in masonry bases 18 given in the
previous section. The drilling of accurate holes of the correct
diameter and depth is essential to the performance of the device,

The strength of these fixings vanes greatly from the lighrweight
fixings made by plugs and insulation fasteners to the heavywaeight
ctrictural performance demanded of larger uxpdndinganrlw.rﬁ, In
all types of fixang, hm.w::vur, the care wath which it is set in the
hase 1s critical to its performance. ‘

Further information on the use of anchors i various types of
mass walling base, their positioning and other matters ;;I‘_h:utmg
their performance arc dealt with in the background section on
page 03.

Plugs

Description These are light-duty, screwable iuserlts. p};caid
in mass walling to receive woodscrews or machb'oll;,“us;. dtz
secure the subsidiary component. [n_thc past rh‘c'gr .ha»_c_ L?.. [;:]‘1; s
of wood: today they can be made of a natural hbnl: (a? n:] ICZSE e
Rawlplug) or plasuc (polypropylene or n}-'lc‘rn)‘:l‘ n :;!af{igmns o
action of dnving the scrc‘wlnr jq?lcl:ibﬁgl:x%@;{:n; a:p - o
slug against the sides of the dnlie -, il |
Errc:u]iritius of the drilling. Once a plulglls_ p'lai::?u:z acl::t:;l;:
usually be casily removed, but plugs to which fixings b ,
been made can often receive a later screw fixing.

i Jatively heghe-
Applications Plugs are Lfsccl for '1'1_'T;%;l\1;:1§1:i I‘:-:Up‘-:::’mﬁ rly
duty fixings to any mass walling maters s, such as acrated or
applicable for use in soft bqil.d'ng 'I‘_:*tttl,::'ll' rofiled plugs have
ljiziltxxfcigilt concrete, for which some -hplctlha:fnl;ler-hﬂnw VATICEY:
been developed. Some of these are of Hig o e nended for
some like the Fischer Twast LGCk _:*F“dmr;rmnur Screw are not
acrated concrete; others like the Rawlplug Fam
(Fl’ﬁj ;Lt'ormuncc of all plug fixings dcpfﬂ?ﬁ- m;;,glf:j;ﬂﬁﬁ::
being of the correct size for the .plug_f?“_d_ F;l‘;fpoi‘ ragged-shaped
correct size for the screw, In the case OFIFTCEEEEEEE |
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Fig. 3.4 (a) Fischer Twist Lock anchor (

b) Rawlplug Hammer
Screw -

holes (or holes in poor

: -quality masonry) an asbestos-base !
pound '.Rﬂ\‘-‘lplastic) Y) based com

¢an be used instead of a preformed plug.
Types of plug

Fibrous 5 i |
ous plugs: Lo receive woodscrews s1Zes

coachscrews sizes from 6 to 8
To receive

from 6 to 20 or

mimni.
woodscrews sizes 4 to

case of plastic ‘ ;
Plastic plugs one size of plug is recom-

mended § y |
ed for several SCTEW s1izes, so that some
manufacturers are able |

Pi‘dstif plugﬁ:
20. In the

oy o cover the range of
Ha SCTew S1ZeS 1n ﬁ ar = l d E‘l
Mmmer-set / p Ug ldAmeters.
plastic plups
Asbestos-based
compound: T .
' O receive woopd |
JASCrews sizes f
s from 4 ¢
O 20,
20

Note: Some speaial plastic plugs are manufictured for use
in lightweight concrete bases only. These are usually only avail-

able in a few sizes in the middle of the upper range of screw sizes
(sec Fig. 3.4(2)).

Sefring mstrictions

Fibrous plugs

1. Drill hole of the recommended diameter and to 3 depth
equal to the length of the plug.

Insert the screw one or two turns into the plug and use

the screw to push the plug inte the hole.

Turn the screw into the plug to the extent of the thread

only.

4. Withdraw the screw leaving the plug set in the base.

5. Place the subsidiary component in position and replace
the screw, driving until tight.

it

L

Note: The plug should always be the same length as the
thread on the screw and the shank of the screw should preferably
not enter the plug if damage is to be avoided. The plug should be
set completely into the walling, below the surface of the plaster.

Plastic plugs
i. Drill hole of the recommended diameter., .
Insert the plug so that its flange is on the surface of the
mass walling base (or its plaster). _
Pass the screw through the subsidiary component 1nte the
plug and drive the screw home.

i

FH

Note: This is the procedure for plastic ph_a.gs with flfgcd
tops. Other manufacturers produce non-flanged Plugis- “h““ cali
be inserted on the end of the screw, through the Subz-.ld-l-’ar} Cﬂf';
ponent, into the drilled hole, and then the screw can be oghtened.

Hammer-set plastic plugs _ .
Rt in whi nc plug 18
(These are push-through hxings 1in mflucl;I the {:jl;ﬂln Fig B
already fixed on the pomt ot the screw Or naik; se¢ ( 2
he thickness of the subsidiary

- o han t .
1. Select a device longer than This 15 the length ot the plug

component plus the plaster.

al
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Wood wool slab

Fischer Wallplug Type S and Sphit plastic plug range

that will be set in the walling. In heavier fixings this
measurement should be at least 25 mm.

Dnll hole of the recommended diameter and § mm
deeper than the hxing.

Position secondary component over the hole and msert
hixing and hammer the serew (or nail) home.

A screwdriver can be used as a setting tool where the
h;u'nmr.:-r cannot reach the head of the fixing. In the case of
serew hixings, a final tightening can be made by screwing.

: | _ _ , .
Note: Those devices using a drive screw, rather than a nail,

22

can be casily unscrewed at some future dare if the component
needs to be removed. Refixing is possible by replacing the screw

Ashestos-based compound

(. Drill a hole of a diamerter no less than that of the screw

>, Take a small quantty of the compound, immerse it
quickly m water and squeeze and roll it into the form of a

plug,

Ram the plug into the hole with a tool provided with the

compound and, using the same tool, make a small lead

hole in the surface of the plug when the drilling 15 com-

pletely filled.

Pass the screw through the subsidiary component and

drive into the plug, being careful not to over-dnive.

Note: Compounds contain asbestos and therefore should
be handled with care. Always keep the container closed. Avoid
inhaling the fibres. Dampen the product immediately it 15
cemoved from the container and always thoroughly wash your
hands after using the compound.

Asbestos-based plugging compound can be used when the hole
to receive the screw fixing 18 irregular or over-sized for the correct
size of pre-formed plug. Thus drilling mistakes can be rectified.

Expanding anchors

Description Generally these represent the more heavy-duty
drilled-for-fixings in mass walling. They are normally mapufac:-
tured of steel (galvanized or zinc-plated), stainless hst?el or alumi-
wium bronze, although there are heavy glass—g*mntorgd 1_1}'1011
products on the market. They all depenc? tor their buldmg pc:;.x;;r
on the expansion of a part of the device w_nhm the clnll;d hole. hju:l
compresses the surrounding mass walling .aud pro ucc? 'il dg
frictional resistance to pull-out. The expanding section of the ;—
vice can consist of metal or PVC sleeves, ord metal shell, depend-
ing on the pattern of the device (Fig. 3:6)-

i - . - make

Applications Expanding .a,n_chors i ;lwd e:t%tmn;nce
medium- to heavy-duty fixings ?vith : S"cj‘:: d:nge conerete
. : ~walli naterials, nciudi =
into a variety of walling ma o , . stone
no=-fines concrete, lightwei'ht concrete with a dense texture, ston

i3




Fig. 3.6 Rawlplug expanding

=4

anchor (artist's im pression)

and brickwork m.nl_t? up of solid bricks (without large internal
voids). In the case of 'L'arlckxfurk or blockwork, anchors should be
set as fL"“F‘“‘:’ as possible 1n the bricks or blocks. In the case of
bricks which are C\:tgfdingly hard and brittle, anchors can be
pl_,?t_-ed in the mortar joints (but their pull-out strength may be
affected). “

Expanding Lnu'ht:-nrg should not be used in aerated concrete -
only hgl'ﬂﬂ’tl_;;htItl}{lﬂg‘j can be made into this material using
injection ;1115&101‘9 (see sect. A3, p- 39) or specially developed plastic
plugs (Hila H6 and FD anchors) or the Rawlnut (see Ch. 6).

Self-drilling anchors should not be used with any brnick or clay
block base.

An anchor's performance will vary with the strength of the base
‘1to which it is set and its position in the base in relation to 1ts
cdges. Because of the expanding action of these devices, they can
cause cracking or spalling if placed too close to the edges of the
base. Simple rules of thumb that can safely be applied are: when
the load is at right angles to the edge of the base. the minimum
distance between the centre of the anchor and the edge of the base
should be 2.5 to 4 times the anchor’s length; when the load 1s
parallel to the edge, 1.5 t0 3 times the anchor's length. If anchors
are placed too close together (less than 2 t0 3.5 tmes the length of
the anchor) their performance can also suffer. These and other
matters affecting the performance of expanding anchors will be
dealt with in the background part of this chapter.

As the outside diameter and length of an anchor increases (all
other factors being equal) so 1ts load capability increases. This,
however, is dependent upon the correct drilling of the hole.

Over-deep holes can reduce fixing performance unless the de-
vice is the type which can be sleeved adcquifﬂ-‘l‘:f" Holes ot too
large a diameter reduce the puill-out strength of the ,m*n:_'hf:ir because
its expansion is not able to compress the base 5ut_hc1cntly.Tht:
anchor needs to be fully expanded In the right-sized hole to

achicve i1ts best performancc.

Types of anchor .
ijfft""ﬂ} {mh ‘i:yp::: These devices have a capuve bolt or st;:ld.
| Some are l:msh-thr'ﬂugh fasteners (1n Other
words the subsidiary component can be
positioned before the anchor 18 placed 1t tt:

dnlling); some need to be set and the su




sidiary component pnmtlmwd OVer its pro-

-

components fixed can be up to 115 mm
(Fig. 3.7)-

AN

Fig. 3.7 Projecting bolt type of anchor

Loose bolt type: This anchor is set before the subsidiary
component is positioned, The size range is
approximately the same as the projecting
bolt type of anchor (Fig. 3.8).

M| je=os

it

Fig. 1.8 Loose bolt type of anchor

Socket type: This 1s a threaded socket anchored in the
base (much like a heavy-duty plug) pre-
pared to receive a bolt fixing. Sizes suit

bqlrs with diameters of 6 to 24 mm
(Fig. 3.9).

Fig. 3.9 Socket type of anchor

There 1 rariety of
5 a variety of adaptors, particularly for use with loose bolt

or socket types of anchor whic
(such as the hook-and-cye which vary the head style of the fixing

in alternative situations (E;S:Pmr) - ;:::IQW e st b isgn
: as exten :
plastic collar adaptors or sleeves) (Fig ‘;d Ist:;zddmg and metal or

26

iecting stud. Sizes vary from bolt diameters
of § to 24 mm. Thicknesses of guhﬂidiary

4
“:.[ Ml“
L

Fig. 3.10 (a) Extended studding (b) plastic collar adaptors

Setting (nstructions
Projecting bolt type (push-through version)

Drill a hole of the recommended depth and diameter.
Often in this type of anchor the diameter of the drilling is
the same as that of the device. L
[nsert the anchor through the subsidiary component with
the nut and washer on the end of the stud.

Tighten the nut to the recommended torque. This
expands the anchor and secures the component.

Note: The fact that the subsidiary component can be in
place during the whole fixing operation is particularly useful when
the component is heavy or awkward to move. In the case of some
lighter devices used to fix door hmings and window frames, the
subsidiary component can be positioned and drilled through at the
<ame time as the base is drilled. Some of these devices, known as

frame anchors, have screw (rather than bolt) heads and are specally

designed for stand-off fastenings where there is 2 gap between the
back of the subsidiary component and the base.

Projecting-bolt type (non-push-through version)

Drill a hole of the recommended diameter and depth.

Insert the anchor.
Position the subsidiary component Over the threaded

studding of the anchor.
Apply the nut and washer and tighten to the recom-
mended torque to expand the anchor and secure the

component (Fig. 3.11).

Loose bolt type

Drill a hole of the recommended diameter and depth.
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Push the body of the anchor into the hole.

Tighten the nut to set the anchor.

Run another nut and washer on to the studding and posi-
tion i line with the back surface of the subsidiary compo-
nent (1.c. the stand-off position).

Offer up the subsidiary component and secure it with a
third nut and washer.

Note: (b) This type of device (and other socket devices)
can be set deeper into the base by using another adaptor — a solid
collar or sleeve. This takes up the distance between the body of
the anchor and the subsidiary component (see Fig. 3.10(b)).

Insert the body of the anchor.

Position the subsidiary component OVEE the anchor.

Pass the bolt through the subsidiary component into the
body of the anchor and tighten to the recommended
torq{uc to expand the anchor and secure the component

- o
e

ey Sal A AN LR, Yk

o
.

Fig. 3.13 Socket anchor in place

Socket type

Drill 2 hole of the recommended diameter and d'cpt_h.
Screw the studding into the body of the anchor until ex-

pansion Starts. | |
Push the body of the anchor into the hole using the
studding. .
Tighten the studding to the recommended torque (O

. Notgs: i | expand the anchor.
i ;{:tjlff.r (2) These devices can be converted to stand-off Offer up the subsidiary component and secure by
L ors by using a length of threaded studding in place of the bolt
(sce Fig. 3.10(2)). The procedure is as follows:

Fig. 3.12 Loose bolt anchor in place

running-on a nut and washer.

Iri : : d alternative device In
i. Dnll a hole of the recommended diameter and depth Note: There is a commonly used alternati

2. Screw the studding | hich th ket is vlaced in the drilling and then expanded by
Ing nto the body of the anchor in accord- ::-::r:gt :: si:{:tcin: :::::E :;:ltﬂ the body of “the anchor. This firmly

ance with the manuf. 'S 1 |
actu TN,
1EF S nstructions. At this point fixes the socker, making it totally independent of any further

nut and washer sho

: uld be run on ¢ : : =
0 the s S -

the body of the anchor. studding down to fixing of the subsidiary component. [his 15 an example n which
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- anchor is directly comparable with a plug fixing
w '

| AL .
the expans ing pgn:ntml (Fig. 3.13).

but with a greated load-carry

N - .
< n T
!-.'.':_ '?.\ ' ol - b €y - - o,
? 1 L i L . 5 -
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. - w 5" -
i 7Y : - ; -
Ly b

Fie. .18 Self-dnliing anchor i place

Selfdrillme type

This is a version of the socket type of anchor (Fig. 3.14).

L

i Fit the anchor in an appropriate adaptor into the chuck of

a rotary/impact hammer.
Commence drnlling.

1J

Lad

When the chuck almost hits the surface of the base mate-
ral withdraw the anchor and clear both anchor and hole
of dnlling debris and dust.

-]I.-

Insert the conical expander plug or wedge into the cutting
end of the anchor and hammer the assembly back into the

hole without rotating the hammer chuck. It 15 important
only 2 hammer acuon is used.

Snap off the driving head ot the anchor. A hand hammer
may be necessary to do this in the case of larger anchors.

6. The anchor 1s now ready to r

eccive a bolt or stud fixing
just a5 if 1t were a2 normal socket anchar.

Expanding anchor (non-friction type)

A heavy-duty expanding anc s | ¥
&t h{;ld-dut} -..hp.!;ﬂdlﬁ:r anchor which is based on a rather differ-
F-m&.i ing prinaple is the Leibig Ultra Plus. Instead of the ex-
" H"T ] - -
e g part of [hL-JHLhUT pressmg against the sides of the dnlled
10le and mduang fnction berwee he

- s - on the anc
mg base - this friction

the Ultra Plus

hor and the mass wall-

- Erﬂ}'idmg the holding power for the anchor -
“XPanas mto an undercut in the concrete. com-

Laad
.

pressing the base upwards against the mregral flange of the device
«ct on the surface of the base. No expansion forces are directed
into the concrete dunng sewting or the application of load. Thas

gives reliable load-carrving performance, and mmimun spacng
and edge distances of anchors are possible.

Descriprion The Ultra Plus bolt 15 made of hagh-tensile
steel with an integral stud (M8, Mi2 or Mi6 diameter). At the
end of the stud s a round nut which supports the clamping seg-
ments. These are opened by a conical sleeve during setting — the
segments OpenIng Into an undercut in the concrete. Varanons in

hole depth can be accommiodated and embedment depths range
from 9% [0 190 mm.

Applications. Ultra Plus bolts make heavy-ducy xXIngs
mto a pre-drilled hole on a concrete base. This anchor provides
<trone. reliable fixings without cxerting expansion forces on the
concrete. It can withstand shock and dynamic loads, and reduced
spacing and edge distances are feasible. Stand-off fixings can also
be made using the Ultra Plus (hg. 3.15)

ixing away
- vsort ¢l installed (d) Fixing y
{a) Undarcut {E“:f;rs!zs : from suriace
1
Fie. 3.15 Leibig Ultra-Plus anchor seting dragrams

Serting insrucnions

t. Drill a hole of the recommended drameter and depth. The




hole is to have an undercut rebate in the side of the dyj).
ing formed by a carbide undercutter supplied by the
manufacturer. L
Drill a clearance hole through the subsidiary component

~ Pass the Ultra Plus through the component and into the
drilling. -

. Run a nut onto the stud and tighten. This opens the
clamping segments and sets the bolt.

. Apply the specified torque.

Note: Stand-off fixings are placed in the same way, insert-
ing the device in the hole so that 1ts flange rests on the top of the
concrete. Tighten the first nut to open the clamping segments and
<ecure the device. Then run-on a second nut with a washer on top
and set this at the required stand-oft level on the threaded stud-
ding. Place the subsidiary component on the washer and fix wath
another washer and a third nut.

Speaialized anchor devices

There are a number of other devices, developed for specialized
applications, but which operate on a similar principle to the nor-
mal expanding anchors.

Ceiling suspension anchors These have been desiened for
use below concrete floors or roofs to provide a ring bolt or similar

fixing for sqspendcd ceiling systems. They make permanent, non-
removable fixings (Fig. 3.16)

Fig. 3.16 Hilg

HAgR i
¥ R1 suspension anchor setting diagrams

Sefting mstructions

(. Drill a hole of the recommended diameter and depth.

2. Insert the anchor.

3. Sharply pull down the protruding ringholt. This expands
the anchor and sets it. A claw hammer or screwdrniver
may be used to pull the ringbolt downwards.

Another proprietary suspension anchor for ceiling duct or pipe-
work fixing is the Fischer L8. Here an 8 mm diameter, 30 mm
deep hole is drilled in the concrete soffit, the corrugated section of
the anchor is inserted and the sleeve is hammered home to within
; mm of the anchor plate (Fig. 3.17).

width of slot: L 8=26 mm

Fig. 3.17 Fischer L8 ceiling fixing

[nsulation fasteners Used to secure non-self-supporting
insulation. such as mineral wool, glass wool or expanded po.ly-'
styrene, to mass walling, these lightweight dewvices have wide
circular or star-shaped heads (Fig. 3.18). Usually they are manu-
factured from impact-resistant pnlyprnpyleye and ha\:re a ﬁnt::ed
shank, which grips the sides of the prﬂ—f:lnlled hole in the base
when the fixing is tapped home. Its holding power derves from

the distortion of the fins.

air anchors These special devices han{ been
developed to replace corroded caviry wall ues mthn;; resor:::lsgc:z
pulling down and rebuilding any part ot'thf: wall._ I ere a;;l d_i .
eral patterns which are based on the pnfltiple of _lf-‘ CZP t bmﬁ
anchor. Usually they consist of an expanding sleeve placed at B2

Cavity wall rep
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base material insulation
| Uh

rough
surface

Fig. 3.18 Hiln IN insulation fastencr

ends of a steel bar, sufficiently long to span the cavity. Cavity wall
repair anchors arc usually placed from outside the building, but it
is possible to install them from inside 1f this 15 more n_u‘ﬁycmmt
(Figs. 3.19, 3.20)

Fig, 3.20 Photograph

Insert the steel bar, complete with the inner expansion
sleeve, through the outer leaf and to the correct depth n
the inner leaf. Hand-tighten using the Key provided. This
expands the sleeve in the inner leaf, Complete the expan-
Fig. 319 Cavity wall repair anc sion by applying the correct amount of torque (usually 3
| anchor (Harris and Edgar):; to 7 Nm) to the bolt head with a controlled torque
.'_';{’Irmlg I-”*';”””i‘mﬁ dL‘\"IL‘L‘. . : ‘

‘ 3. Remove the key and insert the outer leaf expanding slecve

over the end of the steel bar and righten to the required
attachment, fixed to a

I, -
UI‘I‘“ [‘lu. recommended di
leaf of the w
leaf

dimeter . : . _
all and to 3 predet hﬂh‘ through the outer torque using a screwdnver socket
LlCrmine . : -
med depth in the inner torque wrench.
4. Make good the hole the outer skin.

14




Where the device does not have a drip t‘-f_Jllar in' the
the whole device should be set with a slighy
af of the wall.

Nore:
centre of the cavity,
fall towards the outer le

Az Chemical anchors

These fixings are set in a prc-dn.ll::d hole, similar to expanding
anchors, but they rely on an 3(’.‘“11‘.1'5.11”..‘ to. provide their P“”-Uut
strength, not the expansion of the sides of the anchor aganst the
face of the drilhng. | |

Chemical anchors consist of two major parts: a resin cartridge
(containing the resin and the hardener sealed ‘.R.flthlll'l separate con-
cainers) and the anchor rod (a threaded stud) with 1its nut and
washer. The anchor rod can be replaced by an internally threaded
cocket if a socket connection, rather than a threaded stud connec-
tion, 1s required.

A chemical anchor can be applied successfully 1n all locations
where an expanding anchor could be used. In addition, because
there are no expansion forces involved, it can make strong fixings
closer to the edge of the base material than can an expanding
anchor.

There 1s no present evidence to suggest the performance of this
type of anchor deteriorates with age.

Further information on the use of anchors in various types of
mass walling base, their positioning and other matters affecting

their performance, are dealt with in the background section on
page 63.

Description Chemical anchors are medium- to heavy-duty

fixings which can be applied in dense and strong masonry bases to

Pir_{?dluuf sound structural fixings. They usually consist of a glass
1 Ildl mdr?mn with a capsule of hardener contained within it. This
15 place . Al
th: :j:d Int{; the r:fi_nllmg and then a threaded stud, or internally
C SOCKEL, o ' s - \ :
T mild steel or stainless steel is forced into the
ole, breaking the phial and mix; :
id muxing the resin and hardener. The

ﬁxin A s . ' :
Jso EC :H:; ;“’ ~¥pansion stresses on the base and therefore can
i sed for light-duty fixings close to the
ensity concrete blocks.
Anchors are
~ e rc PrUdUECd by vari
from 8 to 10 Y various manufacturers

mm diameter and of Je .
240 mm, and of lengths varyin

cdge of even low-

to sct studding
g from 110 to

16

Applications Chemical anchors ¢an be used in all locations
in which an expanding anchor can bie used (i.e. in dense concrete,
qo-fines conerete, hghtweight conerete with a dense texture. stone
and brickwork made up of solid bricks without large internal
voids). They can also be used in low-density concrete blocks, but
high structural performance is only obtained in strong bases. The
use of chemical anchors i1s not recommended in very porous or
purt'nratcd Masonry lrfucausc the resin tends to become lost in the
pores of the base. Fixings can be positioned more close to the edge
of the base and generally these anchors can be used in positions
subject to vibration or shock, They are unaffected by frost or
weather and can be set in damp holes. Some can be installed under
water. The drilling of a hole of precisely the correct diameter is
essential for the fixing to achieve its full loading capability
(Fig. 3.21).
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Fig. 3.21 Chemical anchor setting diagrams

Setting instructions

i Drill a hole of the correct diameter and depth. |

2. Insert the resin phial after cleaning the hole of debris and
drilling dust. B .

3. Conncgtt the threaded stud to the chuck of 4 drill Z}:i:;l‘
serting the hexagonal drive bar in the end of the 5;:'-- | d:l
and fitting it into the chuck (in the case of 2 ; mthc
socket, fit the cap screw and washer P_mmdﬁ | AR h
socket and insert the drive bar). Fit the drive bAr10L0 4RE
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chuck of the drill. In some types of chemical anchor gy
sdaptor is provided tor the dnll th;L.l'\‘l .
L)ﬂff the .'S[lld (Or socket) up to the hole, turn on t!h}

* machine and force the stud (or socket) through the phig)
to the bottom aof the hole. . |

. Stop drilling as soon as rh‘c‘ bottom of the hole is reached
to prevent aver-mixing. (Some studs have a sctting depth
mark on the shank.) _ +

Leave the studding (or socket) n position until the
1dhesive has set. Then (in the case of the socket) remove
the cap screw with 2 socket wrench.

Nore: It is important that the drilling machine has suf-
ficient power to drive the studding to its full depth. Rotary ham-
mer machines are recommended. Do not usc the hammer action
without rotation.

Only use resin phials which are cool and do not expose phials to
direct sunhght.

Speaialized chemical anchors

As was the case with expanding anchors, the chemical anchor has
been adapted for certain specific tasks.

Cavity wall repair anchors These devices have been devel-
oped to replace corroded cavity wall ties without resort to pull-
mng down and rebuildmg any part of the wall. There are several
patterns available. The inner leaf fixing 1s usually carried out by

ffhum:cal. anchor, as described above. with an extended threaded
stud which bridges the cav

oaf s . ity and is gun-grouted into the outer
eat with thixotropic resin.

fixings can be made uei Mtﬁrnatn-c-l}r' bﬂth inner and outer leaf

vices to be fitted f i g'un-gmmmg', It is usual for these de-

e }*nqm au.tsnlit thfa building, but it 1s possible to
. the work from inside if so desired (Fig. 3.22).

Setting instructions

. Dnll the recommie

leaf of the wall and to a

lcaf. Arrange the drillin
and not through a join

nded diameter hole through the outer

predetermined depth in the inner

E SO that it passes through a brick
t,
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inner leal grouted with
resin capsule or by thixotrepic
resin placed with extension

. ouler leal gunigraut
nozzle on a mastic gun gun-grouted

Fig. 3.22 Chemical cavity wall repair anchor

5 Insert the resin phial into the inner drilling and drive the
extended studding into the inner leaf hole.using a drill
the same way as the normal chemical anchor. Avoid over-
mixing the adhesive.

1. Gun grout the studding in the outer leaf using a thixotro-
piC resin.

4. Make good the hole in the outer brickwork.

Note: When the stud has no drip collar in the centre of the
cavity. the whole device should be set with a slight fall towards
the outer leaf of the wall. Resin systems can be used with success
in damp brickwork, but should not be placed m rain-saturated
brickwork.

A3 Injection anchors

The injection anchor is a iixing device which bears a resemblance
to the chemical anchors described above. It hm}ff::vcr-. u_scjs. }al
quick-setting cement which 15 injected nto the dnlhng rh.rmilg
the device itself. It has been developed particulnrly for use 1 less
dense walling bases.

Description Injection anchors are medium- (0 hg?ﬁ‘:;
fixings for use in soft mass walling bases. _'-'I‘he‘-}' e ?ﬁeﬁéﬂ.
low metal body through which a fl“ifkqﬂtqng ' cht f wj ﬁil an
This seeps out through holes in the '-h?dy C_'f tht{;ﬂ ?:h'm' is. ser.
over-large (often dovetailed) dnlling 1n which the:af |

v




Injection anchors provide a thre
trom 8 to 12 mm diameter
25 mm; other tvpes are m

.]‘-.'It‘ki }-‘.‘UL‘RL‘E O re
with insertion dep

ade of nvlon to acce
coachscrews (4 to 6 mm di

ceIve hol Fiin gy
of from to
Oodscrews and
horage depths
In bases with lar
prevent loss of cement in

ths
pL w
ameters with ane

s, designed for use

50 mm). Some ancho
ties, have retaining nets to

BC cav-
the cavities
Applications Injection anchors can be ysed
walling. such as aerated Or pumice concrete.
blockwork and friable brick or blockwork, to
dictable strength. They place no exXp
(Fig. 3.23).

In soft Mass
hollow brick or
give fixings of pre-

ansion forces on the base

Fig. 3.33 lfis_chur Injection anchor; drilling
fixing .

the hole and finished
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Fig 4.24 Baildey lcp:un
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idemianaas a
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ccrews 1n the range arc intended for use with the thicker com-

ponents (Figs 3.24. 3-25)

Selhing (St ctions

. Drill hole, using the drill bit provided 1 2 hammer drill,
through the subsidiary component and into the mMass
walling base. The depth in the walling should be at lcast
6 mm decper than che embedment depth of che screw

(ermnbedment Llr:pth mipmum 235 s ax)mum

17 .
Snap onto the drill the dnving tool wit
style and drnve the anchor into the hole, while holding the

An adjustable depth-

subsidiary component in position. ]
Sensing Nnoscpiece wvoids over-dnving the screw anchor.

[ his H}."'L"[Jl['l,‘h l'l'lt,u‘h ke a clu[ch 3nd throws the dnl.l out

of gear on contact with the cumpnru:nl:.

h the correct head

Nore: The accuracy ot the prc-drﬂ!cd hole 18 ¢ssential 1o
the good performance of this type of fixing. 1t 15 1dvisable to uit
the drill bit provided by che manufacturer and replace 1t regularty

a5 1t l'll‘_'ll!l'!'lt."'\ WOTrTh,
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Section B: Base-deforming fixings —
type 2(b)

edeforming fIxings i mass walling consist vﬂi\-’dl_'if"ll-‘* t.‘r’l-‘L‘S_ﬁf
i b\ her driven manually or by means of an explosive
RIRERANE mflz;fi:htuul and a small group of hammer-in anchors
oI ‘f-t_;m_prf hntd:. cxclusl;'cll_.* i acrated concrete l’l;lﬁl.‘.ﬁ. :

W}H-L 1 .m.‘ fj*i‘-xrnnm: fixing compresses the material of the base
it*::nh;st?;?:s :11:‘ nail Ih drim:‘n. The cu‘mprcssign h‘iiula aln':_ll;:lc?::_r_
iltl.:d produce friction on the shank of the nail, which resists its
withdrawal (Fig. 3.26).

Fig. 3.26 Masonry nail in mass walling; forces generated

For a long time it was considered that, because mass walling
bases (unlike timber) were not fibrous. nail fixings into mass wall-
ing could never be more than lightweight and-rclativc!}f unrel-
able. With the introduction of first the explosive cartnidge tool
(which we will refer to as the powder-actuated tool) and then the

pHeumaric tpnl, the limited performance and application of the
masonry nail was immensely increased.

As n the case of drilled-for fixings, there are
tors affecting the performance of base-de
such as the strength of the basc
driven and the strength of the

a number of fac-
forming fixings; factors
¢ material, the way the fixing is
fixing itself.
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pr Masonry nails

Description These nails require no prior preparation to
o They are high=gquality zinc-plated steel nails which are

the hlw:' o 1innup,h a subsidiary component (usually wood or

hand-ds :"*ln;;-ml) mto relatively soft mass walling bases to make

li?.'ht"ﬁ‘u:%tttHt.;;mngs. Iiameters are nsually within the range from

htl:“-—:l; ’I}“I;l" Jiameter and up to 100 - mm lung.

2 L0 3:

Applications Nasonry nails are used to make light-duty
F -' | ‘ ‘
ixings into soft brickwork, lightweight concrete with a dense tex-
fIxIng! SC .

rure and <oft stone (Fig, 3.27).
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Fig. 1.27 Masonry nails; heavy-duty range by Sp

Setting instructions

- ws through
e ive hammer blo B
Drive the nail with short positi kness of a wood

jnum thic _
the subsidiary component (mammunﬂximnmdcpth i
component 1s §0 O 6o mm) to a m
base of 20 mm.
2. Nails should be placed betﬁtvcit:lts
3. Avoid nailing mnfto n?o'rta_f f:ﬂ&i‘ci( it pos
4. Only place one nail i eac

1 200 and oo mm apart.

sible.

: ¢S -Whllﬂ.-hﬂ"ml
Note: 1t 15 wise to wear safct-y 515,155 XA
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B2 inder-actuated fasteners

These fixings require no pror preparation of lll'u; base, a5 do exe
panding anchors of plugs. There 1s no pre-drilling and the fixing
1S mcrr:Lhr driven into the base by an explosive charge from a car-
tridge o the fixing tool or gun. Fixings take two  fornis
(Fig. 3.28):

(a) galvanized steel drive pins for direct firing through the
subsidiary component to create i permanent fiximng to the
base 1n one operaton;

(b) galvanized steel threaded studs for firmg into the base to
give detachable hxings for the subsidiary component,
There are accessories such as ring or eye couplings,
clamps and hooks which can be used with threaded studs.

__ malerial
~ hardwood washer : fastened
}* softwood Yo A0, AUt

: or 6 mm nul

. M6 stud
P\ (6 mm)

washer

(a) Drive pin (b) Threaded stud

Fig. 3.28 Fired masonry nail and threaded stud

Both types of fixing : |
.D- types of tncu_lg achieve their holding power by friction
against the shank of the pin.

Typical s 1ary cor |
mﬂkw,rpa ;lj:u_tmdur',. components which can be fired through to
“+h Bhiesoperation fixing to mass walling include;
wood (softwood or hardwood);
steel or alumimium shecting or

sott sheet materials (insulation

(a)
(h)
(c) brackets;

board, wood wool, cork,

ttr .‘1 !l"lqll E| IJI . r - > _l t‘—] 'I‘Flil‘l
' 2 » L1 -Ildl : 1Y

Different ;

$12¢5 and shaves of ds: :

facturers to nntc(lt B:;quhm drive nail are produced by the manu-
: atehn the characrer ap .
omponent materyal 1d thickness of the subsidiary
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Further nﬂlun_t.llinn o1 tllur use of powder-actuated fixings in
arious Lypes of mass w;lll.mp, base, their positioning and other
matters affecting their performance, are dealt with in the back-
}if““”d section on page 03,

Description Powder-actuated fixings are drive pins or nails
of hardened (austempered) steel ﬁ_rud trom a tool by an explosive
cartridge 0 make a permanent fixing into a mass walling base.
Pins are produced with various head and shank styles to suit the
material with which they are used. Shank diameters are 3.5 or
4 mim nd lengths are up o 100 mm. Plain headed pins are
mtended o HX the subsidiary component direct to the base,
Threaded ctud-headed pins are in diameters from 6 to 1o mm.
These are ntended to provide a firm anchorage to make remov-
Jble connection points for the subsidiary component. There are
various colour-coded strengths of cartridge available to give the
necessary force to drive the pin into vanous bases.

Applications Powder-actuated pins can make mcdium- to
heavy-duty fixings in dense concrete, lightweight concrete with a
dense texture. brickwork and stone, such as sandstone, gnft dolo-
mite and shaly bedded rock. Fired fixangs are not :iultablr:_fm
dense mm:run: of extreme strength (over 60 N/mm~), nr.:--t_mcs
concrete, acrated cONCrete, perforated or porous clay or ualclu_m
silicate bricks (below 10 N/mm?2), hollow ¢lay bluc.l.&:s or hard i:a!cut"
stone and granite. Care needs o be taken when using thuaﬁ M_‘I.n%:
with hollow bricks, calcium silicate bricks and hu}]qw hghtwught
concrete blocks. In these cases preliminary trl'ml fixings should be
made if the performance of the fixing 15 crmcai.v e

The success of these fixings dt‘-:_punds on the IY.}L;“ thL ;ubgidiarv
positioning of the pins and the chickness and type © :
component.

Fixing tools » mate-
Because the drive pms are considerably harder tf‘a“ t'l':-‘ ::j has o
rial into which they are driven, the !’.ﬂwdcr-am“;:;ut d.r{i.ving to
ensuire that the pin is aligned and guided throug
prevent sideways deflecnion.

There are two types of dnving tool: one
mndirect- (or piston-) acung,

The dircct-acting tool gives hig
to 500 m/sec and the pin s drive

direct-acting, the other

Iy velociries with entry speeds u;;
o by the expansion of gas as
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result of the firing of the {:ﬂrtridgc.m;rhc‘ fastener propulsion angd
depth of penetration 13 not controlled. TRy

The indil’(‘.l.'t'afll""g :001 g}pCfﬂtFSl b\. ITL casce E._‘dﬁ_ JLTII'Ig on a
piston in the barrel of thn tool. This ‘Qfli*th the pin '.lm;‘- the l“uase*
ander controlled conditions at vcl1ml1tu:5 up o 4 miximum of
160 m/sec. The piston is retained ‘i.\.'lth.ll'l the tool, bf:mg_ stopped at
an Jpprﬂpr‘ia[f_‘ pmnt o givcﬁthf: rcq.mrcd dlf‘pth Of [_1{'[1{_‘[[';]]_']{?11-_

Both rypes of tool have safety devices whrlch do not ;1]1:31\' firing
except when the barrel is in hirm contact with the base. If thc_ tool
i« 6° or more out of pr:rpendlcular to the base, one type of tool
will not hire.

The depth of penetration into the base should be within 22 and
2> mm and this can be achieved by adjusting the strength of the
-Lfartridgc until the penetration 15 cOrrect.

Powder-actuated tools are suphisticared pieces of equipment
.nd should be used with respect. Tool, pin and cartridge should
1l be elements of the same fixing system, their quality and sizing
being designed to guarantee safety for the operator and successtul
fixing performance. There is no room for operator improvisaton.

Some manufacturers offer training courses in the use of their
equipment and the Powder Actuated Systems Association pro-
duces basic safety information. Operating instructions should be
followed meticulously: only fasteners and cartridges compatible

with the tool should be used and only skilled operators should
have charge of the equipment.

Positioning of pins

The mimnimum distance between the pin and the edge of the com-

ponent should be 0 mm. The minimum spacing of pins should
be two times the penetration depth of the pin.

Thickness and type of subsidiary component
Wh.cn tge S S 15 fixed direct to the mass walling, its thick-
T:t};“th::l}iii E!‘i::]lfal to the success of the fixing. If the material
wihe E,P!mter(asn:av hpunch through (as in the case of thin
thick, the £ n the case of wood). If the material is too
astener could bend, or not penctrate the base: suffi-

ciently, even us in Wi
N;:l}, even using a pin with the longest shank
anutacturer’s data sheets |

subsidiary components whij hglvc full details of the thicknesses of
= : C = -
e can be fixed using various lengths

hin etal sheets, with the nsk of pull-over faillure or firing
chrough,

additional washers may be required.

Seting insirictions

Always follow the manufacturer's operating instructions minutely.

i Select the length and type of pin required from the manu-
facturer's data, beanng in mind the matenal of the base
and the type and thickness of the subsidiary component.
To ensure the correct cartridge 15 used to give correct
pcnctratinn depth, commence with a test firing, using a
low-strength cartndge. 1f the pmn does not penetrate the
base sufficiently (22 to 32 mm) change to a higher-
strength cartridge. The various strengths of cartridge are
colour coded. (As a general guide, the harder the con-
crete, the less penetration of pin 18 required; the softer the
concrete, the greater the penetration and the longer the
<hank length required.) e,

Place the tool firmly against the base (or, if firing through
the subsidiary component, the component), ensure the
tool is at right angles to the base, and fire. _

4. When firing 1nto concrete or stone, the use of a spall stop

is advisable (Fig. 7.29). Thisis a steel ring on the end of

Fig. 3.2 Spall stop
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the tool which exerts a supporang downward pressure op
the surface of the base during firing. This encourages the
compression of the base (and improves holding power)
and reduces the danger of spalling.

Note: It is wis¢ to Wear safety glasses while making
pm\-dcr—:u:nmtcd fixings and, 1n enclosed surroundings, car protec-
tion too. When working on thin pamtionh. 1t 18 recommended that
che space on the other cide of the partition is fenced off in case of
firing through.

Further safety advice 1s contained in the Health and Safety
Executive guidance note PMaiy Safety in the Use af Cartridge C :'!l;p“”[v;f
Fixing Tools, the Powder Actuated Systems Association s Guide to
Basic Training and 1n Sife Safery by ]J. €. Laney n this Site Practice
Series.

B3 Pneumatic-actuated fixings

Tltcfsc fixings are 1dentical to powder-actuated fasteners; the only
dilfﬂrﬂ.‘u:‘t? is in the method of driving the pin. All parts of the
preceding section can therefore be considered as applicable to
pqcumaﬁc_—&ttu&trd fixings, with the exception of that part dealing
with the fixing tools. -
In the case of pneumatic-actuated fixings, the pin is propelled
by a piston driven by the release of compressed air through the
um;. This gives a low-veloaity, controlled 1mpetus to th:; N
unh_kt Ehc dlrcct-m:'un‘g powder-actuated tool. Clearly h[l'il;‘-dli.ld‘u]-:.lll-—
ta‘gc of a pneumatc fixing tool 1s that it needs a COI’I]IPI‘E‘SSL"JI' on site
:l;lth ; lﬂf“:’» air line connected to the tool. If this facility 1s avail-
p(}‘:d;:;;:;c[dh:ﬂh;ﬂ*{?lit p.lacrpg pins can be greater than with a
o strips of ton d.f ¢ pins in the pneumatic tool are collated
and fed into the magazine two SErips at a tme.

For the ; e :
advantaﬁcs.la':'gt:'»utl*li?fr‘ 'E,ht pneumatic tool has productivity
recoil and less noise on F". : "'"ddﬂdl other benefits, such as less
ulated through a f:mgc t'mng' The air pressure can easily be regu-
ment to thfkpcnctra;m m? ﬁ'l Y3 bar to give minute adjust-
the test firings witl 1ol the pins — a less clumsy process than

5 1a vanety of different-strength cartridges often

needed to achiev
¢ the correct - -
enetraty . :
Althou i on of powder-actuate
i gl} both types of tool have Sﬂf;{p o ted pins.
accidental firing, there BLY BV

to use largely bec

5 el Ices to prevent
e e b bb that the pneumatic tool 1s safer

absence of explosive cartridges. It
50

ﬁ)r an . e _
For S Jler fixing jobs. Pressure eylinders, similar to those used in

ghe . _
appruxil‘ﬂﬂtd}' thirty fixings per cylinder to be made.

however, tend to have mobility problems due to the need
air hine. This has led to the use of compressed air evlinders

aqualung, can be carried on the operative’s back allowing

Note: The wearing of safety glasses when using pneuma-

tic-actuutud cools i1s advisable.

B4 Hammer-in anchors

This small grOUD of mass walling fixings has been introduced to
make specdy nd relatively light-duty fixings to low-density wall-
ing materials without the need for drilling.

Description Hammer-in anchors are made 6f zinc-pl—ated
steel with «tandard, looped, countersunk screw or hexagonal nut
stvles of head. Diameters of 5 and 6.5 mm are available and

lengths from 5O tO 150 mm.

Applications ‘These nchors are designed specifically for
making quick, low-cost 1nd relatively light-duty fixings n aerated
concrete without the qeed for drilling the base. The holding power
of the fixing will be Jffected by the composition, density and
COMPIEssive strength of the aerated concrete. Fixings can be madg
straight through softwood subsidiary components up to 75 mm
thick. otherwise the component <hould be drilled (Fig. 3.10).

Setting instructions

Pass the anchor through the subsidiary component (if
pre-drilled).
Insert the pin of

of the anchor.

Hammer the head of the gauge |
comes into contact with the component. Eriie
Remove the gauge and drive the anchor the rest O Lo
way home with direct blows of the hammet Tg:“:i“ e
will splay out the anchor sleeve OVEE the expanaer =8 =
base. L
[n congested situations, where posiove’
difficult to deliver, a special seting EODy:
manufacturer, can be used.

the setting gauge into the hole in the head

until the stop of the gauge




i Built-in fixings

i fi <ings include such items as joist hangers and anchorage
Butlt= dcslg;‘-‘d to connect a subsidiary component to 2 mass
Etm?ﬁ'r base, and those used, like cavity wall ties, Cramps and
walll:!: I:D connect individual parts of a mass walling base
doxﬁ:h.;‘r. The former type rcplacr; the older practice of building
Fogt beidiary components, or ledging them on a corbel formed in
in Su miiing: The latter are present-day examples of a long line of
tl'llt: wa lead cramps and iron dowels in masonry. All these achieve
g::::l;{;rlizldmh power by adhesion berween the fixings and the mor-

(8

- in which they are bedded and the weight of the walling above
ta -

e fixing. _ , e

. Because of the need to bed these devices, their posiiomng is
C 2 & - - - - »
limited by the coursing discipline of the walling,

In the case of some fixings of this type, manufacturers produce
tables of safe working loads for the device when used in speafic
ables : |
Eypes of walling material. -, - ‘

Further information on the use of in situ devices I various

3 : e att cting their performance
: | types of mass walling base and mAagters affecting p
Fig. 3.30 Loden hammer-in anchor setting diagrams e S bacl-;ground ot el

2 4

Note: It is possible to remove standard and looped-head :
; & ' : (s : Joist hangers
types of anchor by inserting a long, loose-fitting nail (supplied by

- : - . | ade ot 2.7 mm
the manufacturer) into the hole in the head of the anchor and driv- Description These are saddles, usually mad: 7
ing the expander, within the anchor, free of the anchor sleeve.

thick galvanized steel with a build-—in.'ﬂan‘gc (ét;lmczﬂesﬁ ﬂ{:;l;
The sleeve can then be withdrawn, using pliers. Some damage ailed). They are shaped to form scating for cither i gt
may occur to the component and the surface of the base material. floor or roof joist, of EWO e joists on opposite ids of 2
partition wall (Fig. 3.31). Various sizes ot hanfgfr areﬁ::; S

suit joist sizes, from 100 to 250 mm deep and from 3 |

Section C: In situ fixings — type 2(c) il

l)nhl-:e ti_w two preceding groups of fixings (types 2(a), 2(b)) in
situ, devices are placedat the time of constructing the mass wall-
ing base. Their performance depends
gories, on the bond berw
character of the base

nnections of

Applications Joist hangers are used to mgkgﬂ:c;::w;;iﬂs -
predictable engineering performance :‘)Hfzﬁ;ﬂnd walling made
. a5 did the previous cate- beams (installed after the bmld“;g -Dl.;tsto:l:lu ¥a These should not
een the fixing and the base, as well as the up of coursed clfﬂ"lﬁ"“?h SUGhiSs - 'h. ut the build-mn flange _:m_d
: ttself. In addition, because the in situ fixing 15 be confused with joist hangers Witho ther anchorage devices,
placed at the time of constructing the mass walling base, its suc- designed to be connected to the base -b}' l:s ot Jccessories to thg
?:;fi?stif:::?:':hth” Accliracy of its positioning in the base and 5“‘!‘ as_ expanding 'mCh_ms'- Sug‘ h.a l;f;: Also there is a rNEE of

4t position until the base materials have har- main fixing device (see section Uy P

- her connections (5¢€
dened. - . | i il : _to-timber conn
i d glus requires considerable foresight in the construction pro- similar hangers used to make amber-t
*58 and ¢ . . :
Fare 1o protect the fixing during and after construction. Ch. 4).

52 53




Fig. 3.31 Three versions of the Catnic TW joist hanger

Setting instructions

i. Joist hangers should be accurately positioned along the
appropriate walling course, their flanges being placed on

top of the course. Ensure the flanges are adequately sur-

rounded by the mortar of the bedding joint.
Do not load the hangers (particularly single hangers) until
their ﬂklﬂ%t”ﬁ are secured by higher lifts of walling and the
mortar of the joint has completely hardened.
Later set the joist in the saddle and fix to the hanger with

3;! mm X 375 mm Square twisted sherardized nails
through the pre-punched holes in the hanger.

bd

Anchorage straps

which a.itii{:ij;::d o md S S
the Stretiice and Getfs vithstand the :;:*th:cta of wind Pl":ﬁ.'illl'l? on
manufactured f]- il e 4 l}rac;ng dutics, They are mostly

¢d of 5§ mm galvanized mild steel for horizontal res-

tramt applicatio
ations and 2.5 mm fo : L :

ol ! T"'r'L‘l'tlt‘.al rs Thev . are s
punched (usually at straint. They are pre

12, Atres ' WG
S MM centres) to receive nail fixings to the

h4

cubsidiary timber components and there is a variety of shaped
nds for building into the walling (Fig. 3.32).
ends .

brickwork

Fig. 3.32 Bev strap bracing roof trusses

Applications Anchorage straps ar¢ used to pm*_vidc s'tiffen-
ing and lateral cestraint to roof or floor joists running at right
angles or parallel to the wall (horizontal lfa&traint] or hqldlpg
down wall plates and trusses (vertical n:stra:.nt)-_ Latcral restramnt
straps are SOMetmes used 1n mmbination_mﬂth joist hangers.

Some vertical restraint straps are not built into the wall but are
connected to it by masonry hails or screws mnto plugs. These
straps are accessorics to the fixing device (see section D, p. 61)-

Serting 1NSrUctions

qu the
1. Straps should be 1ccurately set out as required by ¥
flanges are adequarcly

building design, ensuring that their tlanges 4v
surrounded by the martar of the bedding -Lu*mt"\#hm' o
Only attach the strap O the tmber mem ers when
mortar has had sufficient time to harden: g
3. Nail connections to the joists should be m

il ed nails.
30 mm X 37§ mm square twist sherardized 03

¥

Cavity wall ties (and other wall ties) s
Description Galyanized steel; 5'.53_’“_1255;;1;5 fﬁ-wipjg the
ties are produced n a variety of Pat-_tu-l'ﬂs ma thin-sta‘ncrﬂjl"f?"ﬁ‘
two leaves of a cavity wall together, or YIS




cast concrete facng o 3 hack_ing wall. (_:-]'s"i['_'.’r“':l” tics are Friog:
commonly produced mn two forms: the g:ilr_amz-:d wire butterfly
tie, and the twisted fish-tail 1|']I3.t tic made from gulva_mzcd steel
strip. Today these have been jnu_wd h'_f. pcrlj.'pmp*;lf:n:; ties and ties
with retention devices to hold insulating batts within the cavity
against the inside leaf (Fig. 3.33).

N
\\\

polyethylene

= insulation retaining

e

=~ x2S | B material disc
L X >

Twisted flal : TAY, 1"

II.'
.l-ll #
Il

]

I

!

Ir
!

PN !
LS il
My r,l: N wa” t'e I

/]
\J

J
main body H

DPC

Butterfly

50 mm cavity
25 mm board thickness

Fig. 3.33 Butrerfly, twisted and insulation-retaining wall ties

It is worth noting that the condition of these ties can never be
easily momitored, hence corrosion could occur and remain unde-
tected for a long time. The thickness of galvanizing required by
BS1243 has recently been increased due to the extensive corrosion

suttered by wall nes galvanized in accordance with earlier require-
nments.

| Applications Wall ties are used to tie parts of a mass wall-
ing base together, such as the two leaves of cavity walls, or thin
r:.luddings to brick or block backing walls. In the former case the
ties are spa_r:ccl at Qoo Mmm centres ht:‘.uri:enznrnt;;tllv,r and 450 mm centres
vertically i a staggered pattern with greater t"rr::q‘ucncy' at wall
npﬁmngs:_in the latter case ties will be positioned according to the
pattern Uif th cladding joints and will have a dowelled or lipped
end for fitting into holes or slots in the edge of the cladding slabs

(sec Fig. 3.34)
Setting instructions

1. Set all ties 1 : T ‘
the wall ties in the mortar bedding joint as the wall 15

50

Fig. 3-34 Lipped ti€

built, ensuring that each tie does not fall towards the inner
leaf. An outward fall 1s prr:f'er_ablc__ ' '
. In the case of insulation retaining ties; build [hf’.-‘ inner 1_eaf
E 450 M higher than the first row of wall ties; set the

insulation batt resting on the ties and between the retainer
.nd the inner leaf: build up the outer leaf 3nd set the next

row of wall ties.

Cramps and dowels

Description A variety of galvanized and stainless steel
' " : 1 s
cramps and dowels is available of many sizes and shapes. Cramp

are usually made from «teel flats, often bent to At Into grooves in

— d
the masonry elements; dowels are usually made from steel ro

(Fig. 3.35)-

Fig. 3.35 Coping cramp

s B B
e are used for reinforcing the joint

Applications Thes ements, such as

. - rete el
tween two adjoining stones or precast conc
coping stones.

Setting nstructions

AR [ISe
1. Bed cramp (dowel) in slot or mMor
stone or concrete element.
2. Point with mortar.

cut or cast in the

C2 Cast-in fixings i) i
Many of these anchorage devices ('s.-u_ck_} = gl:.lgst_“t‘;ls ';;:ﬂapm)'ih
similar to the drilled-for fixings (sectom =




concrete bases, except that f-*“"‘“L fixings arc thfdf‘-f the time of
pounng the concrete. Ther precise position, therefore, has to he
csubli;hcd early in the construction Proccss. T’_'“—'T have to be
pmit‘iuﬂi‘d either by winng them hrmly to the reinforcement, or by
nside of the formwork with light, outward-
| pull off when the formwork 1s struck,

nailing them © the !
poInting nails which wil

leaving the fixing device in the tace of the concrete.
An altemanve method of installation, and onc which allows for

minor po&itmnal adjustment at a later stage, 1s to form a pocket or A
mortise in the coneree by casting in a polystyrenc or other soft
material block. After the concrete has hardened, the block can be
picked out Jeaving 3 recess In the conerete. The fixing can then be
accuracely pminuned i the mortice and bedded in place using
concrete or one of the many proprictary concrete grouting com-
pounds. The Jternative method allows for greater accuracy of
positioning and .voids the fixing being displaced during concrete

Fig. 1.30 Cast-in SOCKet

to be secured within the base before pouring the concrete; L.e.
whether wired to the reinforcement, ctc.

; , : Cast-in channels
pouring; but care Is —eeded to ensure thar all traces of the tempor-

ary block are removed from the pocket and that the grouting Description There 1s a number of proprictary cast=in chan-
bonds properly to the surrounding concrete. nel systems available, which are profiled to receive 2 variety of
T-headed bolts or ues. The position of these accessories is clearly
adjustable mn one direction at least — parallel to the length of the
channel. Channels and Jccessories are made of mild steel or stan-
Desaription Traditionally, cast-in plugs were of wood — a less steel and in 3 wide vanety of sizes and loading capaciics,
small timber block lightly nailed to the inside of the formwork, so They are supplied with polystyrene filling inside the channel 1o
hat when the formwork was struck, the block would remain set wvoid fouling during the pmur%ng of concrete, and have several
m*thc S Today these lightweight fixings are usually made patterns of rEar ancl;aragc straps to Improve their holding power
of rotproof plastic. Unlike timber, they will not shrink or swell (Fig. 3.37). :
;nd will reegive a nail or screw fixing without the danger of split- * i
ting. They also protect the nail or screw from corrosion. Depths Applications Cast-1n channels provide reliable restramnt and
Ttgrr;i';f:ar:i Plug; vary ffum 25 to 38 mm and they are usually loadbearing anchorage f,?,r 4 variety of matching ECCf'SSGHt_T.S, wi]_
Mg ped to atford greater pull-our resistance. as T-headed bolts and ties, which are used to conncet thin cla
More heavyweight fixings are made by casting in a ferrous or ding panels direct to the CONCEEEE base, or loadbearing 2CCESSOTIES:

non-ferrous ot tQ reCeIve - . -
Fic. 1 :,r”;l socket to receive a2 bolt (size from Mio to M24) such as corbels.
= e L }}.

Plugs and sockets

Avnhications C : _ _ Serting instructions _ | _ K
for nals ;jf SCEEWE L?SF o plugs give light-duty fang ponts Once more, detailed procedure will vary with the particulas
heavier fixing ews, while cast-in sockets attend to the need for
IEavier iXings n precast or in situ concrete. | ! _
fixing for the subsidi: ' wcrete. They receive a bolt . '
subsidiary component or accessory . Carefully mark out the pos!

system used.

ton of the channel on the

. back of the formwork. oy ,
SEHing instnuctions 2. Depending on the type of channel and the material of the

or staple (supplicd by the

Thf =W A . * - 1
ese will vary with the type of plug or socket used and how it is formwork, lightly nai

56 , _ 39




-
Fig. 3

g. 3.37 One of the Halfen range of cast-in channel fixings

manutacturer) or bolt the channel in position.
Before the formwork i1s struck. unscrew the bolt nut.

;. Cle styrene fill
ean out the polystyrene filling from the channel. It 1s
now ready to receive its matching accessory.

Cast-in corbels

Dfﬂ:n'pﬂﬂr 7 :

: t Manufactured "ar Cf

g In - -

Byt watrals a variety of ferrous and non-

thes Iy : ' | :
¢ heavy-duty fixings come in a variety of

shapes —flat, cranked, flac f;
) , tish-taile " - !
shaped (frame corbel) (Fig. 33_:3;1_&' cranked fish-tailed, or hoop-

Applications Corbels : _
- ‘ir 11 " = P . - :
to support heavyweight flﬂddi;go;c;:::nh fixings used primarily

60

Cranked
hish-tail

18 Types of cast-in corbel

Setting MSIMUCILONS
Cast-1n corbels are usually grouted into pre-formed pockets m the
concrete, using cither a concrete grout or a Proprictary grouting
compound.

Section D: Fixing accessories

A wide variety of accessories I used in combination with mass
walling anchorage devices, such as expanding anehors Or CasEIR
sockets. These accessories torm an intermediate fixing between
the device. which makes the anchorage in the base, and the sub-
sidiary component. ‘

An example of this is a range of loadbearing :{ngle mrbﬂ? or
continuous angles used to GAITY heavyweight claddings
(Fig. 3.39). These depend for their performance on anc_huzagr
supplied by expanding ot chemical anchors, cast-in sockets, Cast=
in channels or similar fixings. A joist hanger without 3 build-m
flange is a similar accessory, depending as It does on the anchqra?e
provided by screws and plugs or masonry naus (Fig. 3_-}01: ;
addition, manyv anchorage straps are not buﬂt mto thﬂ b“Ck“ or .:
or blockwork, but rd; on masonry nalhing OF sipular EXINES-
These, too, are accCessOrics. ey

There 1s a number ot'speci:llis.t accessories !h__ﬂ__t ﬂﬁ“@;‘eﬁ‘iﬁ
back of bnck facing to concrete structure, Some. like the

a1




g - - -

and Edgar shiding brick anchc
tial movements Ef“;?;ka;‘-;ur, are designed to allow the difteren-
S e _'ﬂl r-t:r.wu{:rs:m to take place without 1mpos-
to the structure by E*L.nll ;Ig' 1-41), but the fixing 1s connected
accessory. Hlm-ilar';,,_-:fan _lﬂg_anchurﬁ, making the device an
dowel ues, a few cm::::‘:’?‘rw{ ln;lud;; bolted fish-tail tics and
Also within this Catf.'g{-:;ﬁ;r:i:‘;mh are illustrated (Fig. 1:43}_
with cast-in channels and the inn:;nzztllrl:}if:::;ﬁ fg i
and pipe

ﬁ‘l

-

Harns and Edgar sliding brick anchor

. 3.41

Fig. 3.42 Bolted fish-tail nes et<

support systems. which once more form 3 bridge betweeh the

fixing device and the subsidiary component.

Section E:
performance in

There is a number of facto
heavy-duty fixings i mass W
red to briefly and in a gcneral- way in the P
chapter. For those who require more

Juded.

information, this scction has been mne

rs which affect most mediam-= ;md
alling bases. These have beetl mfe:':—-
receding sections of this
detailed packgro round




each its full compressive strength — wsually 28 days for normal
r

g5 in dense concrete bases
portland cert

Fixan pressive
1ent concrete.

g | The following factors will influence the fastener’s performance iy

dense concrete bascs: sive: of augTeRdte
As the size of ag_grcgatﬁlincwiﬁﬁ. 50 the minimum spacing and
edec distancc ! f cxpanding anchors must be increased to avoid

% d failure in holding power. The gmde dimensions given

¢palling an . . -
g acing in relation to base dimensions’ below are

(2] compressive strength of the concrete;
(b) size of the concrete’'s agEregatc,

1 {c) PH 1.-‘3]111: of the concrete;
ynder ‘Fastencr 5P

(d) reinforcement pattern in the concrete;
(¢} fastener spacing in relation to base dimensions.
Compressive strength of the concrete
The higher the compressive strength of the concrete base, the
greater the holding powcr achieved by all types of anchor fixings,
The same is true of fired fixings. In their case, however., there are
other factors involved. The stronger the concrete, the heavier the
power load réquired to drive the fastener and the higher the failure
rate due to spalling. Usually the compressive strength of strucrural
- Ll e 3 a ! . ~
concrete i1s around 25 to 40 N/mm*®. This range 15 suitable for
both types of fixing. A fired fixing, though, should not be used 1n
extremely strong concrete (higher than 60 N/mm®). It is intercst-
ing to note that in the case of the chemical anchor, if the concrete
: - ! :'1 . r . .
strength s below 35 N/mm~, a core of concrete is likely to break
:;32-' with the chemical anchor, rather than the adhesive fail
o that strength, failure will probably occur in the anchor
itself rather than in the adhesive.
It 1s parucularly z : '
oy ‘Fd | y important that the strength of the concrete 15
| rlh{li{. where heavyweight anchors are being used which are
3% . " - . b
EApSCE [f“ produce reliable structural performance. Manufac-
turer’s pe - s - : s
- 's* performance dara are compiled for fixings in stated grades of
concrete. If the conerete involved is of 2 lower « :
seilas FLE v s of a lower grade, the expected
ertormance of the fixing must be reduced rd
b i ot s reduced accordingly. It may
LT DE niecessary to carry out tests 3 :
oF Hhie Bxins ; . tests to establish the true strength
X b}:. n a parucular concrete. '
Ways bear in mind ¢l
that the D .
MASONTY SUPPOTE it receiv ddf‘-PLf the anchor, the greater the
= . l.'5 L L L ' .
The greater the depth of nan the greater its pull-out strength.
- enceratc 1red Fiva
hand, the greater the failgrt S ek s pie
> rate i = ’
optimurm depth of fred Fv: ‘and the danger of spalling. The
epth of fired fi ~ &
XIngs 15 22 to 32 mm.

Aiﬁl'} it sh
: ould be reme
mbered : '
tor fired fixings nto) not to set drilled-for anchors in

anchors are set in fresh concrete

should ot be fully loaded undl e cooner o EneL Older, they

the co .
he concrete has been allowed to
04

tresh conerete less than 7 Havre o1 1L

based on concreee with average-sized aggregate for 2 structural

concrete.
[f a fired pin
ing, 1t May be
The use of 2 spall stop
dwvisable.

<trikes a large, hard piece of aggregate dunng driv-
deflected or bent. There is also a risk of spalling.
_ 2 metal disc on the nose of the gun or

ool — 15 2

pH value of the concrete
value below 7 or above 11 18 extremely COTros-

Concrete with 2 pH ‘ .
hors and masonry nails or pins. Nor-

ive to zinc-plated stecl anc
3l Portland cement concretc W
between 9 and Il and pr
cence of some additives can alter this situation.
Concrete in the neutral range between 7 20 ‘
certain atmospheric and climatic conditions, be COTIOSIVE.
Any zinc-plated fixing sct in 4 COIT
sidered as having a limited life. However, there
4nd aluminium-bronze fixings
tons originating either In the base or
ents such as chemical plants, SEWage works, €t<.

conerete _
hors or firing of pin
es of prestressed structd
ding anchors should, as

Reinforcement pattem in the
No drilling of holes, placing of anc
carried out near the reinforcng Wir
crete, In other types of concrete, ExXpantis =
as possible, be placed between the reintorcin
reinforced concrete it is possible to rEduce :f:h_ﬂ
of anchors (sce p. 66), but In COISE (large 38

it would be increased.
Fired fixings 1n norm

pair its strengeh. However, S

to avoid striking reinforcement, particula

on is likely to be heavily

members where the cross-secti

1l reinforced €

65

ithout addirives has 2 pH value
esents no corrosive hazard, but the pre-

d 9 can, under

asive concrete should be con-
are stainless steel

1vailable for use in COTTOSIVE i:c_mdl—
from aggressive environ=

g bars. In heatti_lv
minimum spacng
gtgg’:&_tt) concreie

oncrete do not gcnl::‘lclly u':-s»
ould always be placeas@ #
fasteners sh dly in narrow fmﬂﬂ!ﬂ




Fastener Sptit'f’l_i] i relation 1o base dimensions .

Both the propertics of the a._‘*unc!'t:t{‘ ;mq ic anchor design 2OVem
the minimum anchor Spacing, the minimum Litst;J:IIG: from the
t.‘:di.’,f of the base to the anchor and the thickness of the base Into
which the anchor can be sct.

Anchors which do not expand mechanically afld exert a force gy
the base material (cast-in sockets, plugs and Ilgl‘f“'fi%ih[ fixings
senerally) can be placed at closer minimuim spacing than is recom-
mended here, assuming their load is not large. Expanding anchors
should never be placed too close to the edge of the base, otherwise
cracking. spalling or breakaway could occur. It is interesting to
note that the performance of two expanding anchors placed tog
close together can be dramatically reduced.

To achieve the best reliable fixing in average concrete using
expanding anchors the following spacings are recommended by
one manufacturer based on the length of embedment of the anchor
(the dimensions in brackets represent the minimum spacing
recommended with reduced performance):

1. Distance centre-to-centre of anchors: 2 to 3.5 times
anchor length (1 to 2 times anchor length).
2. Distance berween centre of fastener and edge of base:

(1) with load at night angles to edge: 2.5 to 4 times

anchor length (1 to 3 times anchor length):

() with load parallel to edge: 1.5 to 3 times anchor

length (1 to 3 times anchor length).

3. Thickness of concrete base in relation to anchor length: 2
times anchor length.

;n the case of chemical anchors, because there is no expansion
involved in their placing, distance 1 can be reduced to 1 times the
anchor length (with 0.5 times the anchor
with reduced performance) and both
times the anchor length (0.5
mum with reduce

length as the minimum
distance 2(i) and 2(i1) are 1.5
umes the anchor length as the mim-
d performance)
Other manufacturers give alte
eter of the fixing. The
from the different type

rnative advice based on the diam-
range of dimensions given above results

fore, alwavs advi ; Uf-cxpa"di"g anchor available. It 1s, there-
, ays advisable to follow the recommendations of the par-

ticu dcture '

] Iarhma:nufau_uﬂru concerming the actual device being used.

; ‘n :I ¢ case of hired fasteners. the distance between tl
1€ edge of the concrete should be 50 to 100 mm (

n the pin and
the grade of concrete and the shape of the base)

depending on

: the centre-to-
(403

. distance of pins should be 2 times the depth of penetration
centre ‘ns: and the depth of penctration of the pin should never
2 [hr:iph 1]11 the thickness of the base.
cxi‘f'le': ) ;rf‘ two further influences on the performance of chemical
anzhzz _ the effects of temperature and chemicals.
Effect of temperatire . 1 _

. ic;ﬂ anchors are exposed to consistently .l:ugh SRR A S
[f Lhcmﬂ . of 60 °C) they will show a dechine in holding power.
(1 F“}:;;wrr' s a rare environment and one that should not
Thlﬂs. - encountered. Temperature, too, will affect curing times.
Omn= rer-based resins ¢an vary in hardening time from 10 minutes
E:]l::?;i(; an{.‘i over. to 1 hour at 0 to 10 °C, or 5 hours at minus

5 9C.

fluence of chemicals _ _
Once mj:::i: this will vary depending on _t‘hr:- resin used in the I:;:
vice. Generally chemical anchors are resistant o most m::;mhr
acids and alkalis 10 normal ccin;r:n_trgtmns. §i there_ls a tp:n S
hazard in the location of the fxing, it would be prudentto €

with the manufacturer.

Fixings in lightweight concrete bases

Generally, as far as lightweigh.t concrete with 2 d::i ;Ul;g;:: :;
concernéd (i.e. concrete with hghth}ght{ggfﬂga l=inqpm TR
aerated or foam concrete), the EOI}SIdC{mﬂns 3P§1§r because the
concrete hold good, The proviso 1s, of course, T, die
concrete has a lower compressive Strcngthd(u?::tzriitmce. In con-
fixings will have pl'upnrtinl*fltﬂ‘l? f‘“-"du?c LR ot advisable to use
crete of 1800 to 2000 kg/m™ density, 1t & & slso unwise to use
anchors with a bolt diameter.m'ﬂl‘ 1f* mm. It ]:-t:: .
self-drilling anchors in any lightwelght €BEE Lo ofa
Fired fixings make only the lightest du?’ nd <hould not be used
compressive strength less than 1o N/mm~anés '
L e cmu{:lrett- oduce an additional proble’m.f B‘tﬁe'auifi_ |
Aerated concrete does produce alt S5 L 5k of some
of its large voids, it tends to assist the ‘"ﬂl:“zi_:f];:; of this type of
its additives on zinc-plated anchors. As 'tl eﬁ htweight anchorage
concrete is only up to 8 N/mm-, Ung rf-ﬁsﬁc:pmgs. (sug:h_aﬁ"
fixings are usually considered, and theff'h? t )Efr asually adequate.
the Hilti H6 and FD anchor, or the Rawiit
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F andmg anchors arc not rcmmmf:ndr:d for us¢ n derated
“XP

CONCTCic.

Fixings in brick and clay block bases

Because bricks and clay blocks are usually brittle, only ﬂ:-:mgs.
er[ﬂ;g_ celatively low expansion forces should be used. Fired
ﬁ-ﬂnggﬁarc not suitable for use 1n perforated bricks or hollow
blocks. R
The following factors influence the fastener's performance:

(1) brittleness and character of the bricks or blocks:

(b) position and size of the cavities 1n the walling units;

(¢) character of the walling.

Brittleness and character of the bricks or blocks

If the brick is extremely hard and brittle, anchors can be set in the
mortar joints, but widely varying pull-out performance may re-
sult, depending on the quality of the mortar. Tests should be car-
ried out to determine the achievable holding power of such a
fixing.

Otherwise anchors should be placed in the centre of the brick or
block; but even then, if the fixing is expected to carry a heavy
load, loading tests are advisable.

Position and size of cavities in the base
Cavities can considerably reduce the bond surface between anchor
and base. They, therefore, must reduce the holding power of the
fixing. If possible, the anchor should pass through as many walls
between internal cavities as is practicable in order to achieve the
best pull-out performance, Nevertheless, however good the per-
tormance 15, it will never march that of a similar fixing in a sold
brick or block. Injection anchors (section A 3 of this chapter) have
bc:gn developed specially to overcome the difficulties of fixing to
this type of base. Fixings to some hollow clay blocks rend to fall

more naturally within the scope of Chapter 6, ‘Mechanical Axings
m cellular bases’,

: Character of the walling
I'he width and strengeh of the
the wall, as well as the
placed in it. If the

mortar joints affect the strength of
the holding power of any anchorage fixing
Jjomnt 15 of hard mortar, good anchoring is

OGN

gchiﬁ"-’
1f, on ¢t
anchor 1

It 15 unwisc to

bIUCk bases.

he other ha

ed even if the brick cracks dunng expansion of the anchor.

nd. the joint is weak, the performance of the

e lost if the brick cracks.

use any self-drilling anchors in brick or clay




Mechanical fixings in timber
bases

Most fixings in imber bases fall into two of the fixing rypes listed
i Chapier 2 - base-deformuing hixings — {}.ﬁ'p:_' 2(b) - and through-
fxings — type 2(a) (p- 92) The base-deforming fixings include
woodscrews, in spite of the fact that they need a pre-drilled pilot
hole. This is because 2 screw’s primary holding power 1s achieved
by 1ts thread cutting 2 matching groove 1n the um ber. 1.c. deform-
g the base.

Section A: Base-deforming fixings —
type 2(b)

Because of umber's relaavely soft, non-brittle and fibrous nature,
most fixings which have evolved for use with timber bases are
those which are driven or otherwise forced into the timber, de-
forming its fibres 1n the process. It is the erip which develops
between the timber fibres and the shank of the fixing which gives

the device its holding power and allows it to make an anchorage
in Ih'.: '.1,'r_1fij,

=

This group of timber toangs ncludes nails, woodscrews and
toothed metal plares.

The pull- . 5f 1% 1ls 18

pull-out strength of such hiXings as plain shanked nails 18

considerz = T ! L. i oy -
nsiderably affected by che type of wood and its moisture con-
tent,

while the performance of other fixings, such as annular ring

'J‘!Hl'kuj. [ . T T,

. nals and screws, is less influenced by the moisture con-
s generally produce a greater withdrawal
and annular nails than plain shanked nails.

tent of the wood. Screw
resistance than nails:

Al Nails (including staples)
These fixings generally re

QUITE No prior preparation work to the
70

4o o component or the base. Some thin timber componemnis,
subsidian v have to be pre-drilled to avoid them bang split
however: II_L_1 | is driven; and metal or brietle components (such us
when _[hf'_ I.IL_I e to be punched or fabricated with pre-formed holes
roof tltL-':_} 1}1 nails. It 1s sometimes said to be advisable to pre-dnill
to rt'f'-'"""“:_[ 'u r;-, :;-'_; per cent of the natl shank diameter when nail-
pilot huhj drd{-,-md? (sfrormosia, ash, greenheart. beech, gurjun/
ing SOME _11 : -;-.pf:pf. sapele, teak. jarrzh and karn) but strong
kcmmg'al";-};:n-u:r_mnq can be made with these ambers using ply-
ﬁ[.rtl;tiu;uﬁscta without drilling holes. : ‘ ‘
e 1s can be driven by hand or by pneumatic PAing > RETHDR:
N_u - chines are becoming increasmgly common on site jarhn:-re
These T_m.a re in use. They either drive nails specially manufac-
mmPr:::stf:mhw Hailing and collated into strips or coils, or sumi-
fuse 1OF nr:d batches nt:.i.[;lph:i. Nails usually have 3 round. semi=
ury arrﬂ“i ha‘;':ld. Staples can either be r:qu?ﬂ—— or uncl}uﬂl*‘ﬂggﬁ-
round or n: .ure can be adjusted to countersink the nail, or not, as
T}'ﬂ: .:ui‘dpf,?;m Jre smaller manually-operated stapllc m-{thmcg for
e ling jobs and a maller-actuated machine tqrrnzihng
lflli}:::at:iga E-I‘Litulm.‘-:’. machines clearly ncrease producavity. Up

- 1
' it (o 400 nalls
Fig. 4.1 Coil pailers with magazine capacities of up
from BeA
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ro 180 nails per munute can be placed using some PrCumgLe
machines (Fig. 4.1)- ‘ s ™

The nail is one of mans oldest forms of mechanical fixing g
vice. being a metal equivalent of the medieval carpenter's pep o
dowel, Once nails were forged and then they were cut from metyl

plare (cut mails). Eventually, however, with the mtroduction of

wire into nailmaking, the industry was revolutionized. Today,
mast nails are made from mild steel wire (wire ‘n.nla;. althougl,
copper and aluminium alloy wires are also used. There are sl 4
few surviving cut nails, made from black rolled steel to produce
squarc-sectioned nails, such as ﬂnuf lj[;}dn. |

There is a considerable number of ditferent types, sizes and head
styles in nails, largely developed for the particular type of subsidi-
;,r'y component to be fixed, More detail of the structural use of
nails will be contained in the background section of this chapter
on page 104,

Description Mostly nails are driven through the subsidiary
component and nto the base mn one operation, There are a few
exceptions, such as the glazing sprig. Here the nail does not pass
through the subsidiary component, but is driven to the base

alongside the component, trapping it against a projection in the
base.

Nails for use in timber bases come 1n a2 wide range of sizes and
types, capable of making all strengths of joint from light- to
heavy-duty. The major types of wood nail are set out and de-
scribed in Table 4.1. The shape of head and shank are largely de-
termined by the type of subsidiary component to be fixed; the size
and shape of the shank is primarily dictated by the structural per-
formance required. While most nails arc made from mild steel or
plalr:, others are made I'rum nun-ﬁ:rrmm metals (L‘Up].ﬁt.'l' or aluimi-
nium alloys) for use where corrosion could be problem. Also
some nails, such as eseutchean pins, are manufactured in non-

ferrous met Cause '
crrous metals because they are intended to be scen with decora-
tve ronmongery,

It wiil be PO - et . g

.l Prm.i[':;tm,rw_d that nail diameters are given i mmllimetres.

dial;mn:rn i q:dﬁ (;]-““T luf‘guly superseded the habir of quoting nail
M 411 -Ird wWire gjﬂ.lgt, .']I'[huugh "WH Hi?:l.:ﬁ H“ly 5“”

be encounter d |

: cred from time to 1

= . .It‘.‘l{’_‘, A t;.bqu { ™ ¢ ¥ i ‘| (] L‘_‘rﬁ
s given in Appendix 1 of equivalent diamet

.r’dl ) ]'“f] ‘ : s dr | '
12

#trutfl”“l
\';lfr]u[&r 0
felt,

and Jﬂ nced by: (a) the type of subsidiary component; (b) the
le inEIUEREEE

performance between peces of wn.nd', or hctwu-n A
¢ subsidiary components (such as .tnnf tiles, bitutnmgus
| -.h“'-“‘-l- metal fixing straps and light metal ac::msune::)
Pl‘]“:[:r:r base. The selection of the right nail for the job will
LU

. nce n.dulrul (rom the fixing; (¢) the appearance recuired;
yerformatis

l ] L‘LI'I"I['HH'.I Hi' coret l‘t"”’L BI'-H:‘- dd"«l’]{l‘ 814! thl: carrcct usc ﬂ‘
i I- . .
(d) the

qils 1s given m Table 4.1.

Type of cubsidiary component

| ulleover failure, in which the subsidiary com-
ThL‘ H'l.ft'.ild;lni ¢ ol P ’

 rorn over the nail head. often dictates the size and style
onent 15 L

f 1 head; for instance, soft. thin or flexible sheer muatcrials,
0 tnc i Ry

: fing felt, need to be fixed with largﬂ'- flat circular
such as rt;;.l | l: e same way, when a pail 15 driven t.hrrj.ugh a
hufjdcd - hh- sponent, there is a danger that it will be sphe, un-
thin “mh”_ “:l 1{ the shank of the nail 15 selected carcfully. An
[ hltil-r;L lixlnr—hc.ld nail could be used n this case, placed so
U\n’{ll"ﬁhﬂ”l’\‘-{l— h "‘lk Areits with the wood griliﬂ of the component.
ﬂ.m thr _twnqi:u.‘hku‘ corrugated sheeting nails may have rouud;
:;Et;;:.d 11111:11&.. v;*ith washers to discourige rinwWater leakage round

the nail shank.

Per formarice required of Ihl-r {m”ﬂl fixing will clearly be =

ol giee «formance of the natl s - clain
The enginecering per o N und-headed plai
ﬂuuncci& by the nail type and size. buumu:};:n:::t‘juims. Thicker-
wire nails are used for carpentry, “mhcr-mil an thinnér nails. The
gauge nails withstand lateral loads betrer ;Ithc grcatér - s gl

L dlls X iy . ' vas0n). . | ,

- the shank of the pail (within reas , APt
longer the shank ol o i 6 EorAmtt the wood (F,_;rus -
e nail), When joining £ PIEEEE

B ye about pvo-aht
timber together, the length of nail m&'d‘ﬁn:g: When plywuﬂd or
half times the thickness of Ehr‘;ur.iichtl ti -.'ilc;i to timber, the rail
other wood-based sheet material 15 bemng

’ d'r
. ' of the plyweo
length should be four times tl'it;}ll‘:ck?::t ‘;. I‘}’?S-‘ such as imm:'
. . [ . L] b | l J: - 4 | z . I n

out resistance, and the more |
larly in the case of a thick-gaug

Sa called ‘improved |
lar ring shank ar square RWARLERES ordinary
withdrawal and lateral loading ‘h'_"_' 5o have
Cement-coated or resin-coated “a-lll-s ﬁ-;;iun“htﬂf 0
strength. In the case ol the latter, t 1€ tﬁ sdhere the
nails softens the resin, which later ?Tﬁdiséuﬁﬁfﬁﬂ the
the base, Improved and coated nanls A

tcndﬂﬂﬂi‘UF
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Tahle 4.1 Types3d

nd LIses uli *.\.'uud lmllﬂ
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Nail type Head syl

)

e —
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f 5 O [}ﬁmuuun
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O p—=—

O) ===

ﬂsm

O[W

~ _-——.-,__.'_.
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i
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_——___-_-—H'-

Round plain wire

(French nail) 15
Purhn :
Flat circ
i ul:
ar (§0~250 3-7 K
Clout (slate nail ' |
SIate natl) Flatr circul :
il 10— 100 2—4. 5
l)lﬂﬁtCI1JL13rLj Circular
TR :“__33 - JAS
countersunk
Square twasted '

I stec Flat cireular :
(drive screw) B .-
Annular |

Flat circular
" \ i l-H
ring-shanked g
Mac . L :
achine driven Flat circular 30— 100 2.2—-3.1
semi-circular in Strips
T-shaped or coils
Lost he:
t head Small oval Y§—=175 1—3.75
1 §=25 1=2.0

Panel p
] -
pii Smiall round

Vencers Pih

b pengtl range Thickness Material
o o pange (mim)

Flat ¢ / ‘

L > 200 |.4—00 Mild steel

Jopper

Applications and notes

Structiral timber and
general carpentry
applications

A round plan wire nail
used where ferrous nail

might corrode

A large-headed version
of 2 round plain wire
nail for fixing roofing
felt. slates, plaster=
board, etc.

Mild stecl
c:;mppt‘r
sluminiam

A nail with a serrated
shank for fixing
plasterboard

Mild steel

improved nail (CP 112

Part 2; 1971) for
seructural gimber

lmpmﬁud-nail (CP 112
Part 2: 1971) for

Mild steel
aluminium '
silicon bronze joints

Mild steel

aluminin ) for
silicon bronze structural fmber joints
High tensile Mastly ﬂPEIltEd })?
stecl pneumanc machines
Aluminmum to fabricate mu_ctu_ral
pmber assenblies
Mild steel Wire nail, often wit’_h an
copper oval shank, for Use m
i visible |ocanans, _
i puine ed home and the
hole filled
ilgsteel | e for fixing Hgh"
copper pmber i:_ngpnngms. |
Aluminum casily Pﬂﬂ‘-'btd h@ﬂ?ﬁ -,
| and hole filled. A finer
version of s nall
15 cal!'gd'a-v;neﬂr pin

S ————
o

P———




Nail type

. Material Applications and nofes

yle i
Length range s Irn”l]

()

e —————

sild steel

Wire nail for use with

Hardboard pin

Floor brad

Serrated flooring
nail

Sprig

Escutcheon pin

Tack

Large-headed
clout nail

Tile peg

Corrugated
sheeting nail

Duplex headed
(shutter nail)

Staple (equal or
unequal legs)

1Dy amond
profile

Rectangular

T'-shaped

Headless

Dome

Flat circular

Flat circular

Circular
countersunk

Dome or Spring

Double heads

/-/:;:.:?'

(2.7—38.0

25.4—70.2

45100

;h—i 4

2.9-3.3

3_0-5.&

Wide

range

3.3-5.9

Steel
Al minium

Sreel

Steel
ICL}]JFIL'I'

Sreel, brass

Blued steel

Steel

- coppur
aluminium

hardboard; no punching
home required, merely
filling of the hole

A cut nail for hxing
softwoad flooring

For usein a manual

nailing machine for
fixing softwood flooring

A rectangular section cut
il for fixing glazing

For fuang minor
{ronmMongery

Eor fixing fabrics of
carpets

For fixing roofing fele

For fixing roof ales

For fixing corrugated
roof sheetng

A wire pail for use 1n

suuatmns where
withdrawal 1s anucipat




Do not hit the nail too hard until 1t has pene-

the 11311. : _ | : ,,
reasonable distance into the base this avoids in-

aails to work out during loading movement, This charactenstic is grated 3 | 4 et ] beadinis _

k[}ﬂ‘\‘:ﬂ 3¢ .pnppinﬂi. lnd{'ﬂf{.’d ih:{ﬂk :'1.'!]1?\ {.\'uL’rléllL'{.l—t'dge_ n“:.“.'ll' ‘{‘l{luﬂ' Shﬂ‘ﬁ‘-'”l?-'n {hf naﬂp&n fater T “-Ig s .,hmk-

r.nia or Piasrurhmrd nails) also have increased resistance to pop- Avotd defacing the surface of the component, P Aty

AL - - d= . ; : ; -+ . J

g . fitis o cemnain visible, with Blows of the hammer head.

¥ .;1‘_-“.". nformiation on the structural performance of nails is Use 2 nail punch to set lost-hiead nails below the surface

siven n the hackground scction of this chapter. of wooden -ybsidiary components and fill the nail hole.
Apprarance required Note: The cechniques for dnving a nail were set out about

Generally 4 nail joint 15 1O chosen for its appearance. Thcrefore ars ag0 10 the 1736 cdition of the City and County Purchaser
e allv lost-head wire | o years @t . ot e

nails in visible positions are usually lost-head wire nails (or panel ::d Eui!dt‘f'ﬁ Dictiopary 10 the following words:

pns in lighter apphcations, punfl‘icd helow the surface and the
nal hole filled. In damp locations, €OIrosion staining can result
from the use of mild steel nails. Even nails with a corrosion-

Therc 15 requir'd a preety Skill in daving 2 Sail. for if, when you
set the Point of 2 Nail. you be not CL_lrmus in observing to 5g;k¢
the flat Face of the Hammer pcrpcndlmlar}y down upon th .Pcr-

L dicular of the $hank, the Nail, unless it have guod Emrapce.
gtart aside, OT bow, or break. ad then you will be forced to
hen you buy 3 Hammer, chuse one

resistant coating may be subject to this defect if hammenng dam-
ages the coating. Non-ferrous nails should be used in these situa- ,
Hons. SOMme ﬁpt(‘lnliﬂt nails. like escutcheon pins, are designed wll . . herefore, W
with dome heads and are intended to be seen. draw it out again; thete :

' rue flat Face. -
with a ¢ ed n the last 250

| : > very s chang
- ssnect, nothing very much ha
Corrosion hazard In this resp

. fie _ - ars!
Rusting of ferrous nails can occur in damp locations, as explained years:
shove, even when they are galvanized if the coating is damaged.
Copper or alumimum alloy nails should be used in these applica-

fions. Comments made in Chapter 2 concerning contact COTTOSION The driving action of woodscrews tends € PR
chould be borne in mind if two metals are to be used together. ber base more nghtly than the dnving

Az Woodscrews

component to the tum

i e | . _ - , . iled of
Copper nails should not be used with cast iron, mild steel; nails. As a result a sCIEW joint has greater strength than 312 o
TR R Y - . : - o tance
palvanized steel, zinc or Aluminium. Mild steel nails should not be stapled joint. Screws have superior withdrawal r_mstqnﬂ Y
used with aluminium, zinc or galvanized steel. anaunes

. - For diameter; 2 na
RN o) hear). Diameter for diameter, o
strength 1n lateral load (shear) Jnce of 3 wood-

. | a greater shank length to equal the shear perform
Setting mstructions

Nails - one of the ¢ i § : . “ily . SCIEW.- - o capable of
andl% ::rF U{IL of the 3111}pltar forms of mechanical fixing device Screws also have the gdditi{}nal advantage of bcmg_._gPﬁsﬁm
a step-by-step deseription of how to drive a nail 15 UnNECEss= ubsequent adjustment O FES

removal and replacement if s

ary, Howeve s f N AT : :
‘ r, the following points should be borne n mind: bly is necessary

_ ves and ar€
{. If a thin timber component is to be fixed, an oval nail of Screws, however, arc more expensive u:l ti:qﬂ:fiif:;c drilling
?E‘:-HLL?EZ:_]‘I;;ZC iallsls-lﬁ. l_ikt:iy o _5piit the wood so long as AHais F“Stl'.f o in::t;ﬂl th?n 3 d“'?'}'::}:; l::u:c;mn nrcumstaﬂm 4
Bll.lﬂ'tm;g‘ B !:':’]3 l&_ahi;‘.nt:d with the grain of the wood. D;t. a pilot hole betore b::m% n}: idiaﬂr' !cofﬂpﬂnmt' " o
Fhe e o it i cantdp v vk el V) dearance hole through the b TG ng an SKETE
2. Pilot hu]f_—c.”a: ‘?"‘mum,nn._ Driving can be undcrt_:tken . )Y |
be used ﬁfiwrf ﬁ::hl: m} ?fd[hc nail shank diameter, should pneumatic screwdnver (Fag%f14-3;ﬂ*§ 3‘.-.;i.ﬂcr.-: Romarn qmes: hu!: ‘hc _
2. Firmn blows of the ig 1ar ‘ h_&lfd“’l]ﬂdﬁ, | | . Screws of a type have b.LLﬂh‘:l m..m.;adt:. ccrows Wi Eﬂmﬁl in
e 0.t i l‘-ll.’Tl‘FTILI' hhuuld be ;Pphcd o the !'IEH]' ITst Tﬂﬂ-ﬂfdﬂd Pﬂtcnt Fﬂ[‘ mac in« dnv*s smﬂdﬂds) hagml m___% -
pact is precisely aligned to the shank of 1760 and screws (albext crade by (055 s 3 e LJ- = T
gy 1 S|
7% Iﬁr Llﬁﬁ' TT:H__‘ F 1,
b

AL !
_ ' = '_“*-:f.__-.-;-h;‘d\r;.ﬁ- lﬁ,-lJ LIi
.I 1 " ﬂ = :‘_'.!;_';:;F_ _—_.I:-E_!-: »




Fig. 4.2 (2)BIF Holz-Mer pe
- ' } |
arcular magazmupm:

er screwdri
i wer (D .
ewdnver (b) Duo-fast

Jfter this date. There 1s now a number of
Ailable with varying head seyles, drive pro
iterial of manufacture.

mdm‘t‘d shortly

nass-P
g of woodscrew av

NS thread designs and m

Deseription A woodscrew consists of a head, containing a

le to engage with the screwdriver, and a pointed

aised »‘pir;ﬂ thread running from the point through-
ey of the hank (Fig. 4.3). The screw thread cuts a
he timber to make a firm anchorage for itsclf.
lot hole for cffective placing and 1s driven
onent (with or without a clearance

driving p ro fi

shank With + W 6
out the majort
matching groove in t
[t needs 2 prv—dnﬂgd pi
chrough th

hole) 1nto 1

¢ subsidiary comp
he base 1m one f1x1

ng Operaton.

KN woodscrew

Fig. 4.3 G
Head styles include muntcrs;unk raised countersunk and round,
sssed or clutch drving profile (Fig. 1.4)-

taining 4 slotted, rec
nally a sing
ank of the screw.
s diameter of

con
The thread 15 us

groove In the sh

thread 1s the samge as tl

be unrelieved. Recently double-spiral thre

m which the thread is set above the shank diameter:

this case, is said to be relieved (Fig. 4-5)
Woodscrew diameters arc still grven in the tradiional SCreW

>0, (Unhke the standard wire gauge, the larger

). Lengths are now ql.li)'ifd n

le spiral and 15 formed by recessing a
In this case the diameter of the
the shank: the <hank is said to
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The shank.
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the number, the thicker the screw

millimetres.

R (B> countersunk
«mmlmﬂi:@ ’ T Round
mmmti@ @:‘WW aaised countersunk

Slot profile Recessed p'rotiiB

1§

Clutch profile
Fig. 4.4 Head styles and drive profiles i1 woodserews:




///
ool Head/ Cauge Lengths Thread
Mﬂl‘frm r.'h'i‘”-' Pfﬂﬁl‘l‘ Nno. (mm) [,,Pr
. St Rehe
Normal woogdscrew Double-spiralsthread woodscrew clutch _ .
ol Cmmu:rsunl: slot Q=20 6.4— 101,06 Single
- o : 458 A -
Fig. 4.5 Twinfast screw from GKN with double spiral thread 1;;155 Round 1—14 6G.4-50.8 Single
] e slot
Hieass Raised countersunk 3—12 g.5—50.8 Single
Serews are supplied 10 a number of different metals and fimishes . slot L ors]
_ - e TN . e L ‘rsul A—12 5—44-5 1 -
Table 4.2 gives an example of GKN's range of screw types and Brass LDU““—‘{‘-‘L 0 4 9-5—44-5 ngle
: ' : recessed
S1ZCS. o Round 4—12 9.5—44.5 Single
- , ' recessed -
“lppl'lr.-mnns Wnﬂdscrews arc us‘»cd [o make j{)ims of Brass Rai;ed ::Duntf:r'sunk A—12 9.5—44_5 Smglt
varying structural pertormance between picces of wood, or be- recessed _
cween a variety of subsidiary components (such as sheet material | Stainless Countersunk 414 12.7-76.2  Single
By . o | y
metal fixing straps and g .tal accessories) 1t = haEa eel slot .
q \g Straps n.d hight m:.t*}l 'ums?ﬂms)_ and . timber base. | Sst = less Round A=14 12.7-76.2  Single
The sclection of the nght screw tor the job will be influenced by: : :a:; & dlot
(a) the pcrtgrmam.:. required of tly. fixing; (b) the ease of drniving : Qrainless Raised countersunk 4—14 12.7—76.2 Single
thc ccrew: () the appearance required; (d) the likelihood of corro- | stee) slot ,
S : Stainless Countersunk 4—10 15.8—50.8 Sngle
| steel recessed . Smgle
_ | Stamnless Round 4=10 15.8—50- &
Table 4.2 One manufacturer s range of woodscrew sizes and types steel recessed e
. ~ reunk —X0 IQ.S-—SG,B Doubie
Material Stainless Countersun 4 S
Aaale 3 i =
eria ?f ad/ Gauge  Lengths Thread steel recessed - 8 g  Double
rive profile HO. (mm) fype Stainless Round 410 15.8=59 '
: = steel recessed
Steel a ! | : | _«o & Double
(in:um.rsunk 0—20 6G.4—152.4 Single | Stainless Raised countersunk 4—10 E5 =il
SlG :
Traal Roun steel recessed | o8 Single
qh-,:u ; 0=14 6.4—70.2 Single | Alominium Countersunk 4—12 12,7~ 30- Ing
Stecl Raise alloy slot Single
aised counte . o - =08 N8
o ountersunk 4—10  9.5—50.8 Single Aluminium Round 4=12 12:7=3¢
Steel C alloy slot _ Single
ountersunk - | , e : L 5. 7-50.8 NG
aopcaed : =R 9.5—70.2 Single Aluminum Raised countersunk 4=12 12.7-3¢
Steel Re i 3“0‘;' slot - el
ound . . 1 == Smgf-’
recessed N 9555008 Single Aluminium Countersunk 4—10 127 =95
Steel i -'1“13 srocsed ' = 1 :
aised countersunk ~— v y $..0a Sy~ 12.7—31:7 Smgle
Srod] recessed 4=kQ 12.7—50.8 Single ﬂi:umlmum Round 4-10 12753
[‘:C CUUH'[ 5 " a D}' s o o =N ‘i . rnm A l,c
SesinL . . TeCessed meall Singie
Steel recessed et 12,7—63.5 Double ‘T;Umlmum Raised countcrsuﬂk 4—10 12773 '
JLee RU p | D 1 =i o KT l -
und 10y recessed e k=162 Single
Steel recessed g N Double Silicon Countersunk g-14 -, SATE "
i L‘?‘ "
S Raised countersunk - . bronze slot -
recessed 410 0.5~ 50.8 l)m‘tblﬂ S

| : e of finishes
Note: Steel and brass screws are available n & variery of Bt
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Poyformance n'ql“'t"! of the hixmg _
's holding power depends on the length of penetration and
TEW S 1) AU O PERES
le SUlL A Of ThL‘ SCTCW. I-'h‘llll*lrll.‘-hpll'.ll Th!L.HlLLl SCICWS, “3111"1 A6
the !.-.‘:;HI#L,C -

Tavintast sCreEws from GRKIN. ofter a 3 per “-““T greater grip thap
conventional single-spiral lh;-F,ILlELl SErEWS. ASSUming an cquiva-
lent ength of thread penctrauon. —rha

Unlike srdinary SCrews, l?'*nl,"l per cent of whost .Hh*ll'lii'ﬂ _-H't:
chreaded, the Twinfast shank 1s more completely threaded. In face,
chorter Twintast sCrEws (up to 19 mm long) arc l.hl'L‘.‘ldt:d _rl:_m- o
th-a: anderside of che head, nﬂ'urln_g a 2§ per cent Increase in '|Iu'~sld_
mg power and making them p.-u'tn‘ul.n'l}-' S,UI_[J.HLI_MI t_l_\mg h%ngus
o chipboard bascs and  similar applications. l-}t“l}hlt'—k}nml
threaded screws longer than 32 mun arc threaded for thrce-
quarters of their length. Double-threaded SCreWs have enhanced
performance when fixing to low-density chipboards, l“'*ﬁ'—‘fkl‘ﬂ.‘lfu'd_s
or softwood. What 15 more, the fact that the thr-:;_tdl d];mllutrr s
areater than the anthreaded shank (1.c. the shank IS frul_wwd)
avoids the wedging action of an ordinary screw and mininizes the
danger of the wood splitting.

Ease of driving

The case with which a screw can be driven can be improved, par-
aeularly in positions of difficult access, by selecting a 111‘{:55.1:»;1
driving profile (Phillips or Supadnv) rather than a slot. Supnldmn
particularly. has been developed by GKN to improve the driving
of screws at an angle. With slot-drive profiles and other recessed
patterns, the driver may ride out of the recess (cam out) if the
serew and the driver are not in perfect ahgnment. Supadriv, 1m-
cidentally, is an improved version of this company s Pozidriv re-
cessed head.

Generally, recessed driving profiles assist driving to higher
torques, they aid removal and reduce r
adjusted clutches on power drivers.

Clutch-headed screws are only used where later removal of the
screw needs to be positively prohibited (¢.g. in places where van-
dalism can be anticipated). Clutch driving profiles arc normal slot

profiles from which the anti-clockwise face of the slot has been
chamfered off.

ecess damage from badly

| Double-spiral threaded screws tend to drive more quickly than
single-thread screws. Their gimlet points also function rather like

dr.all-_pumw. resulting in balanced driving — another aid to ¢asc ol
placing,

Hea

A!:pl'ﬂl'ﬂlll'l' "l"'l'“’h”'r{ . | b s -
e can be chosen for the appearance n-.qujrcd - counter-
d E‘W‘_L_h{ L-Uunt.cl‘hllnk or round. Also the matenal of manufac-
f; ;:ﬁh'fm be chosen to match the m_r:.ml uf the component
fixed (dark Florentine bronze, barrel chromium plated, light
‘ | antique, €te.). Plastic snap-on caps or push-fit or

- dome €aps are available to cover the screw head for cer-
- WA - 11 -
serew-1

. anccial '-lPPh-“[imm' e
gain SP cunk headed screws are used for general joinery work

Cmthl‘-; . component has been prepared with sinkings to re-
pen - In timhcr-m#timbcr applications, where removal 18
Cti‘fﬂ. th!i“; ' countersunk screws arc often used with screw cups
3“.tmpatu ’quwd countersunk-headed SCrews are normally .UWd
(F? . 4&%. t;;n-dard - onmongery, the driver blade being less likely
wg h*_tE;:thc component. Round-headed screws are used espe-
to dank :

i | - ' ery or
but not exclusively) ftor fixing general ironmongery

e | h emive countersunk SCrews.
ich are N to receve co
.« which are too t
metal plates
SCrew head
o
_cup
rd
R ——
| '
? ‘k | countersunk
X RS S J/drilling

"

Fig. 4.6 Screw cups

Corrosion : - woodscrew available for

There is a number of difterent types & ed to ferraus screws
USe if coFrosive environments: Finishes E‘IIZE o e v - orfosive
are applied usually for reasons of appearah C‘E.’ulll 4 take place. non-
P-TD.téCtion. For condinions where msu}l:fuld- i us‘f:id"“‘ _
ferrous and corrosive-resistant SCI:CKNS - .téc' p-Ia-f ed or p_aa!;_l:ﬂd-aigz |
alloy, brass, silicon bronze Of stainless S d"z:f:- - bl-aﬂ_k‘-‘]apﬂwe”
Scrt:\;rs such as bright-zin¢ plated. sherardze® © 1 QOther plat-

P when pe +
screws, should only be used externally W
ing, such as nickel, cadminm, DUy be used ineer™ o be
shades of bronze coatnng, should contact ﬁﬁl’mﬂ?gﬁﬂ-sg con-

Comments in Chapter 2 regarding « being used 0 S19°F
borne in mind if two different metals are€ SEEE
tact,




Setting (Hsiruciions

1. Drill a pilot hole through the component and intg the
base. This 18 required for all but the smallest gauges of
crew. In hardwood and dense chipboard the diameter of
the pilot hole should be 9o per cent of the screw diameter:
i softwoods and low-density chipboards, 70 per cént of
the screw diameter.

The pilor hole should be shorfu'r' than the penetration
depth of the screw from 3 mm for screw gauges 3 and 4
up to ¢ mm for gauge 14.

Insert the screw into the pilot hole in the component and
drive into the base.

to

l'#

Note: Where double-spiral thread screws are concerned,
the component should be drilled with a clearance hole, the same
diameter as the screw. This allows the component to be pulled
tightly down on to the base by the tightening of the screw.

When power tools are used to drive screws, pre-drilling pilot
holes 15 often unnecessary.

In order to avoid splitting the wood, screws should be no nearer
than 10 times the diameter of the screw to the end of the compo-
nent along the grain and § times the diameter of the screw across
the grain. The first dimension can be reduced if the pilot hole 1s
correctly drilled and both dimensions can be reduced if double-
thread screws are used. Centre-to-centre spacing of screws should
be 10 diameters along the grain and 3 diameters across.

Specialist screws

There 1s a number of other devices, developed from the wood
screw, which are used for special applications.

Dowel screws These are steel dowels, threaded at both
ends, which are used to make end-to-end secret connections be-

tween wood components (Fig. 4.7). The size range 1s limited;
usually from screw gauge 6 to 12 and in lengths 25 to 50 mum.

L (g

Fig. 4.7 Dowel screw

Hmdl_ﬂs woodscrews These steel devices are in  effect
threaded at one end and cut square at the other. The

B6

dowels,

o —

are end 15 given a slot driving profile. The range is extremely
. lJ‘;lll' qsually restricted to 12 gauge diameter and lengths of 25
smatls - 4 : : LI
Jnd 37 MM (Fig. 4-8).

B (L G

Fig 4.8 Headless screw

Chipboard joinery Strew's These are one-piece fasteners for
making strong joints 1n chl‘pboart‘:l or timber bﬁardjs- meeting at
right angles. They are 1“"?111313’1‘"-"1“ 5 and 7 mm diameters :%_n'd
lengths of 40 and 50 mm respectively. They have a double spiral
thread.

120° chamier

\(/ﬂ_‘x‘}/
T, L L,
000007 O nickness of / 7
7?5?}5}55%1‘5?3 eV hi :
i S chipboard 7
i A
f{/f.:‘xff{:?.:{r".’?ﬁ’;':? (I LA _

‘clearance hole

depth of
pilot hole \pilot hole

chipboard

4

v

(OO |

Fig. 4.9 Chipboard joinery screw and drilling data

Setting instructions -
L he thickness of board

for ¢ chipboard and

- s ¢ <ize Dl ScEeWw
1. Select the correct S1Z€ of sC _
3 r 12 min

being joined — § mm SCIEW to :
7 mm screw for 16 mnl chl.pb.oar : o -s-ctﬂw.-lhﬂﬁ“gh

> Drill a clearance hole, the diamerer@Eates
the component.
: - the base, 80 per Y

3. Drill a pilot hole in the base, 80 -P:hal-‘l the penetration
of the screw and slightly deeper thalt = |
the screw. ke
4. Insert the screw and drive

cent of the diﬂlﬂﬂﬂ |




A3 Coach screws

Unlike woodscrews, coach screws are not driven by a screw-
driver. In addition they do not need a pilot hole. They are ham-
mered mto the wood and then tight{:l‘lt‘ﬂ with a spanner,

[Description Coach screws arce medium- to heavy-duty
chreaded devices manufactured mn mild steel in a himired range &
sizes from 6 to 25 mm diameter and in lengths up to 400 mm (in
the UK the maximum diameter obtainable can be as httle as
(2.7 mm, and length 150 mm). Each has a square head with
which a spanner can cngage.

Applications Coach screws are imtended to make medium-
to heavy-duty timber-to-timber, or steel-to-timber connections 1n
which the structural performance 1s morc important than the
appearance. They arc quick to nstall, not always requiring a pre-
drilled. matching hole in the component and the base, Coach
ccrews are removable by means of a spanner. They can be re-
placed in the samc hole, but repeated replacement invariably
means loss of holding power.

Fig. 4.10 Coach screw

Setting instructions

(. Hammer the coach screw into the timber. If the subsidi-
ary component is metal, this will have to be pre=drilled. It
s sometimes more convenient to drill a starter hole
through the timber subsidiary component. This makes
driving more controlled when the component 15 substan-
tial; and if less robust, avoids sphtting,.

2. Finally righten the coach screw using a spanner.

Note: To obtain the best performance from a coach
screw, the plain (unthreaded) shank should penetrate the base by
at least 25 per cent of its length,

A4 Nail plates
rht:'.‘i(- devices are used to make t-..‘dgg'f-tt)-udgc jnints berween l,1iELIE5

L1

Or.ﬁmbff.
“[here 3

ckness, lying in the same plane.

“the - th
- of the same £ | | |
d metal nail plates and hand-nail

qually
v t‘;'}"‘f'ﬁ: [lll’![hf

: f\'\.{] 1’1.]'?‘“._
Jates with teeth punched out of
qrtern (Fig. 4.1 i}. They cannot be -
| to be placed by special machin-
prmitmncd over the junction

ace in A regular p
lhut are intended
v the pl;l[l..“_i being

ery 10 gl Jore umber components and then pressed home.

in the manufacture of trussed ratters

1 rarticularly
]f,ud yartic Y i
: } | rimber assemblies.

Fig, 4.11 Punched nail plate (Hydro-Alr)

¢ licences from the

Because tht:j.r arc used h\_.f {abricators hpldn of th]ﬁ_.

E‘“tt‘ manifacturers. these devices are bcyond the scope
Bok. |
Fand-nail plates, on the other hand, are not s.ub_}_ﬂ a .tu T:c::.n:;'
testrictions. They are metal plates punchud out u{.lth ap | cither
nail holes which are intended to receIve normal n;%;IS- dn::: u.s;';':ld to
'b’:"hal'ﬂﬂ_’wr, or by a nailing machine (Fig. 4 12). I'hf?f 3‘,-& -
make similar edge-to-edge joints as the l“-"whmi ARk
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Fig. 412 Nail plate (Bat-U-Nail truss plate)

The most commonly specified nails used with hand-nail plates
are 10 X 3.75 mm sherardized twist nails, hand-driven, or 30 X
3.35 mm round-shank T-nails driven by a pneumatic nailing
machine.

It should be noted that hand-nail plates are similar to the metal

accessories examined 1n section C of this chapter and could equally
well have been considered in that section.

Description Hand-nail plates are usually made of 1 mm
galvamzed mild steel, perforated with rows of holes through
ufrhich the specified size of nails is to be driven. The range of plate
sizes available from different manufacturers varies considerably.
The most commonly-used sizes are in a range from approximatﬂ]‘.‘r’
100 to 300 mm. Exact sizes are selected according to the size and

00

type of joint to be made and the number of nails that muse be
driven into cach piece of umber. l B

A pp!rmrfnm MNail pl;ltf:s can be used to construct edgf.: to
edge joints between two or more pieces of timber of the same

chickness and lyig in the same plane, They are particularly useful
in the fabrication of such assemblies as trussed rafters, mfhérc their
use allows smaller sections of timber to be joined together without
resort to large plywood gusser plates. Nail plates are applied o
both sides of the joint, The nail plate manufacturers’ hterature

gives details of the size of plate and the number and size of nails to
be used in various applications.

Setting instrictions

i. Ensure that the pieces of timber to be joined have aceur-
ately been cut to fit and are firmly clamped together with
no gaps between their contact surtaces.

Select a nail plate of the correct size and place it over the

junction of the timber components in such a way as to

allow the required number of nals (speaified by the
manufacturer or the engineer) to be driven into each piece
of timber.

3. Distribute the nails evenly over the surface of the plate
avoiding driving nails too close to the edge of the timber
(usnally minimum edge distance can be taken as 27 mm
and end distance 38 mm).

3]

As Corrugated fasteners

These fasteners, often referred to as ‘dogs’; are the simplest and
most lightweight of the fasteners which are used to _ma‘ke cdgf-’-'fi—-_
edge connections between pieces of timber in the same plane —
butt joints and mitres (Fig. 4.13)-

Description A corrugated fastener, 35 s “31:"" 5“55'3&;;;
comprises a small corrugated plate \rffith'ﬂnﬂ'- edge; ?‘ie’ .ar&smd@ne
driving into the imber. The corrugations arc skewed towards LEs
another as they approach the B s
driving the fastener draws the parts of the joint LORETE
widths of fastener are obrainable and dﬁpthﬁ range
25 mm.

d edge so that the action Of
sharpened edg i ym
from 6 tO
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Fig. 4.13 Corrugated fastener

Applications Corrugated fasteners are used to make light-
weight connections between timber components in the same
plane, the device being driven across the line of the joint so that
one half of the fastener is in one timber component and one halt is
in the other. They are only used where the appearance of the joint
is. not important. The shght taper on the fastener tends to draw
the joint components together.

Section B: Through-fixings — type 2 (a)

Through-fixings, used to make overlap joints between timber
components or between metal components and timber bases, de-
pend for their effectiveness on some form of bolt to clamp the
parts of the joint together. This clearly, therefore, involves the
pn;:—driil_ing of an accurate hole through both cmnpﬁncnt and base
before the assembly of the joint. |

In addition to the simple bolt (and its variants, the carriage bolt
and the EDHF}] bolt), this family of fixings includes tmothi.:d con-
nectors, sphit-ring connectors and shear plate connectors.

B1 Bolts

oo bk k. s o ks s e
R S AN donhmr lp:i-‘.r:ccs of tn‘nbfzr, or between steel p]atu:s
pated and good ;tru{:ti:{hl Isa(_lvantagcsllf heavy loading is antici-
Because the bolt exe . PCljiGrmaucc 15 Hegagd, .
amber through ])'“:S- oy only on the relatively small area of
gh which 1t passes, the structural capacity of the

02

whole timber area 15 never fully used (maybe onl .
cent of 1015 stressed). In addition, the clamping Eﬁci :? F?hﬁﬂ per
the bolt does not result 1 sufficient frictiﬁn bc—twémug&-t?nmg
faces of timber to enthance the strength of the TG, Scasui-{mml}g
cure content changes in the wood and thermal muvcmcr:: ?]01;‘
bolt in time destroy even this limited cffectiveness. As 2 l'w:;:llltt ;
qumber of connections has been developed for use with bc:lti
which improve their performance by sprcading the igad mor
widely and making component contact more pbsi_tivc (see sectignz
B2. B3 and B4).

Two points should be remembered when obtaining bolts for
use in oimber construction: :

;. Make sure the threaded portion of the shank is long
enough to draw the joint together fully. This is partim;-
larly important when a toothed connector is being used
(see section B2). Usually bolts, because they are designed
primarily for metal construction, are only threaded up
the shank for a distance of two-and-a-half times the bolt
diameter. but bolts with longer threads can be obtained
by special order.

Over-sized washers are usually essential under both the
bolt head and the nut. This is to avoid the washer digging
into the wood if loading tends to cause angular displace-
ment of the bolt (Fig. 4.14). Once more the standard
sized washers supplied with the bolt tend to be satisfac-
tory for steel joints, but not for wood.

]

Fig. 4.14 Angular displacement of a bolt joint

Carriage bolts have practically disappeared from the Bflﬁﬁh it
ket. They have square heads and nuts, cOArse DUILEESS N
are now only mgt in alteration work. Cmd? brﬂiﬁ‘-j °ﬂ‘h¢ Oéhef
hand, are still used to some extent n t:h‘t:.buildm_g mduﬂtﬁ?ﬁ;
riage bolts are sometimes confused with coach P-ﬁ-!tﬁi:_m?‘ﬁ R
cause the Americans refer to coach bolts as Eﬂfﬂﬂgﬂbﬂl;s'mﬁ
The coach bolt has a cup head with 2 square underhead. 1S &
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Fig. 4.15 Coach bolt

‘nset into the wood and resists the tendency of the bolt to revolye
when the nut is being aghtened. Coach bolts are 1deal where ae-
cess for a spanner s only available on one side of a joint,

Description Most bolts used 1n timber connections are
ordinary mild-steel bolts (black bolts) with hexagonal heads and
nuts. Tim*_s-' 2re available in a wide range of lengths and diameters
which are detailed more fully in Chapter 5.

Applications Bolts are used without the aad of an
dditional connector, to make medium-duty timber-to-timber or
metal-to-timber connections. They normally have to be fitted
with over-sized washers to spread the load under the bolt head
-nd the nut in order to avoid timber deformation.

Setting Mstructions

1. Drill a hole through the component and the base, 1.5 mm
ercater than the bolt diameter for bolts up to 25 mm dia-
meter. (A greater allowance will be nceded for larger
bolts.) Drilling can be carried out through component and
base in one operation by spiking the members of the joint
together, if this is convenient: otherwise careful marking
out and the possible use of a template 15 recommended.
Assemble the elements of the joint. Place the over-sized
washer on the bolt and nsert in the drilling.
3. Place a second over-sized washer on the threaded end of
the bolt and run-on the nut. Tighten with two spanncrs;

one applied to the head to avoid it revolving, the other
used ro turn the nut.

1

B2 Toothed connectors

E;E;Ejdi;n:;:z: _Canhzc cither single- or double-sided: the
COmponents and tnnl; =uhlz to make connections between met
and a concrete base): t;r dasle; (_01" between a timber component
nent overlappin 7 ’b‘c S 1‘3"5'd_t”-'d. connector makes a permas

pmg tmber-to-timber joint. A demountable (imber-

94

to-timber joint cin be made by using two singlessi
connectors, back to back (Fig. 4.16). g d roothed

Fig. 4.16 Toothed connectors, single and double

Description Toothed connector plates are made of galva-
nized steel plate and are usually available in four sizes, either
cound or square; 38, s1, 63 and 76 mm. There is a less common
larger-sized connector (89 mm), but this 5 not referred to n
CP 112: Part 2: 1971. All connectors but the largest and the small-
est. are designed for use with an Mia hexagonal-headed black
bolt: the 38 mm connector 15 sometimes used with an Mg bolt and
the 89 mm with an M2o bolt.

Applications Connectors are designed to make rehable
heavy-duty cmber-to-timber connections, oOr JoInts between a
steel component and a timber base. In the former case a double-
cided connector is used (unless the jomt 1S to be demountable,
when two single-sided connectors, back-to-back, are installed). In
the latter case a single-sided connector is used with its teeth

embedded in the nmber.

Setting instrictions

Double-sided  toothed  connecior (-s-inglﬂ-sidﬂd connector
similar)

: ion they will
1. Place the timber members in the posmlm} thjzs o
assume when the joint 1S 1ssembled and clamp © P
them together. - e el
Drill through all fimbers at the pont ?ﬁihef.‘: ‘l;a L
lines intersect. Ensurc that the bolt hole (no larger

_ - ‘he bolt diameter) is drtled a8 E7
1.6 mm greater than the DO it ( Alternatively, each

9]

aneles to the surface of the jomnt natively, €c
; arately using & [EMPIIE: Com-

member can be drilled scp
plete accuracy 13 cssential.)




1. Position the connector between thie I'Iz.h_~|-t'|1'1urh of the foln

" .nd centrally over the dnlling. Reposition the joint com.
pol‘tt‘ﬁi’s.

4. Embed the connector by either: |

(a) threading the bolt through the joint and tightening
the nut Lo COMPress the gaps between COmponents (i"
the case of hard nmbers, this may place too great g
<train on the threads of the bolt or nut);

(b) passing a high-tensile steel Im{rmwd rod with large
plate washers through the joint and nghtening the
nuts (compression tools like this are obrainable from
the fixing manufacturer);

(€) using SCcrew cramps or hydraulic pressure.

Once the teeth of the connector are fully embedded, re-
move the compression tool (if one were used) and replace
it with the black bolt with square washers, and ughten.

L

Note: In positioning the connector. specified minimum
~ edge and end distances should be observed carefully. The teeth of
the connector should be completely embedded, but no effort
should be made to squash the plate of the connector into the
wood. The components ot a correctly-made toothed connector
joint will stand apart by the thickness of the connector plate.
Where more than three connectors are used in any one joint, a

threaded rod compression tool must be used to achieve proper
embedment.

B3 Split-ring connectors

Sphit-ring connectors are used to make overlapping tmber-to-

“mk_’“ joints which will carry greater loads than toothed connec-
tOr joints.

Fig. 417 Split-ring connector and Zroov

L ing tool (also used
with shear plare connectors)

o6

j)ﬂ;n*i;gnﬁmi .‘iplit-ring connectors consist of a galvanizcd
hot=rolled low-carbon steel split ring, either bevelled or straigﬁt—
cided. which is used in conjunction with a hexagonal-headed black
holt, Ring diameters are 64 and 102 mm (for use with M1z and
Mzo bolts respectively). At least one manuficturer produces a
<o mm diameter sphit ning, but this size is not included in CP 112-
Pact 2: 1971

Applications The sphit ring is used to make heavy-duty
timber-to-timber fixings of greater strength than a double-sided
toothed connector. The bevelled ring 1s easier to place and has less
slip under load than the straight-sided ring, Both types are set in 2
circular groove, cut 1n the contact faces of both picces of amber,
at the centre of which groove is the drilling for the bole which
holds the joint together. The adjoining faces of the tmber compo-
nents are in contact in a correctly assembled split-ring joint, not
standing slightly apart, as in the case of the toothed connector
joint.

Setting mstructions

(. Place the amber members in the position they will
assume when the joint is assembled and clamp or spike
them together. * !
Drill through all timbers at the point where their centre-
lines intersect. Ensure that the bolt hole (no larger t_ha_n
.6 mm greater than the bolt diameter) Is dril?ed at n‘gh{
angles to the surface of the jome. (Alternatvely, e-gch
member can be drilled separately using a template. Com-
lete accuracy is essential.) ‘ :

3. r}hc contact :urfaccs should be grooved xfnth a -gtuuw[n;g
tool to a depth of half the ring collce{}tngall}' :Fbﬂut che
bolt hole. There are various tools :l\'fil;llﬂblﬁ to carry out
this work. some obtainable from the fixings -m-a_nufac;uf-
ers. A cutter-head with a ‘pilot’ which can b"-’ 1'?“:_33’-‘3 }:“
the bolt hole is onc option; Of the bolt hele and the

g9

- i ine 3 power tool.
groove can be cutr i one Opgranﬁfi ua_mg? rFf"f:"_"'_ BOVE
There is, however, a himit to the diameter © = ugldB;ﬂ ik
f tool, Grooves should be CUE

that can be cut by this type © bR ol
: - frie of the split nng to ensurc
slightly larger than the diameter of the sp ber dry and

its best p.cr-tbrmance. cven shnu];l l:«hﬂ‘ [11l
shrink during use (see the note below).

R I S——————




4. Remove all chips and shavings from the groove,

5. Expand the ring and insert it m the grooves in bogh e
ber members.

6. With the jont reassembled, insert the bolt, complete with
washers, run-on the nut and tighten.

Note: The dimensions of the groove to receive the Split
ring should always be those recommended by the manufacturer
In the case of 63 and 100 mm diameter split rings one m;mufac;
eurer recommends the dimensions given in Table 4.3. The obsery-
ance of edge and end minimum distances 1s essential.

Table 4.3

Split ving diameter 63 mm 100 mim
Inside diameter of groove (mm) 65.0 104.0
Width of groove (mm) 4.0 5.3
Depth of groove (mm) 0. 5 lz';'

B4 Shear plate connectors

When heavy-duty timber-to-steel joints are required, the shear
plate connector has an equivalent performance to a split-ring con-

nector (1.e. better than would be obtained by using a single-sided
toothed connector). |

< &>

Fig. 418 Shear plate connector

De

scription: Shear plate el :
‘ o CUHT]E L] - p=
sided tooth P ctors are similar to single

ed connectors. exce .
P 1eCtors, except that the circular plate has a flange
a4 groove in t?ama ll;ﬁthur than a series of teeth. This is inset into
& 1he - [ [ .
timber like a split-ring connector, The circular

plate is also inser ;

: Into the wood, Sl

d. Shear plate cc ) s are made
from pressed steel or mal f OnNNectors are I

- iL"']bl{: irn d ‘ s :
4 I]‘ . B ol a - 2]

d black bolts, Two sizes of shear plate are

V!

_——

L_m“"“m]}; available: 67 and 102 mm diamctcr;- bath are used wi H
Mzo balts. ks

Application Shear plate connectors make reliable heas
duty connections between timber bases and metal cnﬁl DI.'LE:Y;
(l‘ht"}n' can also be used 1n pﬂil’ﬂ, bu{'kntﬂ-ba{jk.. [6 Pfﬂdf:i{: d .
mountable timber-to-timber conncetions). Shear plare joints :-
stronger than those produced by toothed connectors. Because t}zz
shear plates are completely set in sinkings in the timber. the ad;
joining faces of the joint members are in contact when ; correct
shear plate conncctor joint has been made.

Setting instructions

(. Drill the timber member to receive the balt. The drilling

diameter should be no larger than 1.6 mm greater than

the bolt diameter. Ensure the bolt hole is drilled at nght

angles to the surface of the jomt. Complete accuracy is

essential.

The timber contact surface should be grooved and rebated

to receive the shear plate, concentrically about the bole

hole, using a ‘dapping tool (see note below). These are

often obtainable from the fixings manufacturer.

3. Remove all chips and shavings from the groove and sink-
Nng.

4. Insert the shear plate. Assemble the joint and insert the
bolt, complete with washers, and tighten the nut.

[

Note: The dimensions for the groove and smking rec-
ommended by the manufacturer should be followed. In the case of
67 and 100 mm diameter shear plate connectors, One manufac-
turer recommends the dimensions given in Table 4-4. The observ-
ance of edge and end munimum distances is essential.

Table 4.4 .
- : i

Shear pfcl!_t‘ cannector diameter 67 mm fgo'm -
LT L 100.0
Sinking diameter (mm) 70 16,5
Sinking depth, maximunm (mm) IE. § o
Sinking depth, minimum (mm) '5~_-5 6.5
Width of outer groove (mm) X9




Section C: Fixing accessories

A number of metal fixing accessories has been developed speci~
fically to ehminate the need to construct on site traditional Joinery
ioints which require considerable skill and ame to form Wihen
used in conjunction with the specified nails, these meral ACCeSSOr-
ies make heavy-duty structural connections between timber mep.
bers meeting at right angles or in the same plane.

Joist hangers (similar to the joist hangers discussed 1n section D
ol:ChapI:Er 3, but which are nailed to mber members rather thyp
bolted ot nailed to, or built into, mass walling) remove the need
to form a tusk tenon joint between a timming joist and a trimmer Framing anchor |
joist or a notched joint between a trimmed joist and a trimmer /\
(Fig. 4.19). Similarly, framing anchors can be used to make sim-
ple end-to-edge joints between timber framing members and can-
tilever brackets to extend a titmber member rather than forming a
spliced joint. Some of these devices are illustrated in Fig. 4.20.

Truss clip

jf'_[___ :
B

. !
|

strap N
for one joist at right angle and
the other parallel to party wall

Fig. 4.20 Framing anchors, truss clips and straps

t mm thick, depending on the strength required of t}}e connec-
tion. These devices are usually pre-holed for fixing with 32 mm
long X 3.75 mm square twisted nails, aJt.h.uug.h some of thlc more
heavy-duty hangers are intended to be used with 12 mm diameter

bolts.

: . | - nec-
Applications These devices are intended to make mﬂmm

| _ . | : s sh
tions between timber joists meetng at right angles. Na
be driven through all holes in the hanger.

Fig. 4.19 Joist hanger to make timber-to-timber connections

The zth.:cnvuncss of all these accessories depends on the thick-
";‘LE:& and length of nails used to fix them to the timber members.
¢ manufacturer's recommendations should always be followed.

Framing anchors 0
¢ usually made from

Joist hangers Description Framing ancuits dafi make medium-duty
il , . . . intended to mMakKe A
Description Jois : 1.2 mm palvanized steel and are nten — ANALe
015€ hElI'l Crs are o o e Q1708 EJ N : Anee X .78 mii ﬁqu
B C prudUCLd In a variety of s1z€ connections when fixed with 32 mm lang X 375

IO sSUlt various cross-sectional size

<o . Sl
manufactured of hot-dipped, Zalva s of joist. They are usually

: . twisted nails.
mzed mild steel, from 2.7 tO |

1?0‘1 . -
100 . ) I




Applications Framing anchors are intended to make
necrions between framing nmbers mecting ar right
Fig. 4.20). Nails should be driven through all holes iy

Con-
JIIH]US (SEE

he dnchor,

Truss clips

Deseription: Truss clips are usually made from [ M

galvanized steel and are fixed with 32 mm long x 3.75 MM square

rwiasted nails.

A}_,I”",'[-”,r[;u;j 'rruﬁf. f]ipﬁ arc Ll'.*'-L'Lfi (o ﬁf\'. A Toot (russ to fh{:
wall plate (see Fig. 4.20). In order to achieve the correct resist

ance
to uphtt, nails should be driven through all holes in the clip

.

Straps

Description Straps are usually made from 2.5 mm thick x
35 mm wide galvanized steel, pre-punched with holes at 25 mm
offset centres and are fixed with 32 mm long X 3.75 mm square
twisted nails.

Applications Straps are used for a number of bracing ap-
plications, often in conjunction with built-in double joist-hangers

(see Fig. 4.20). Nails should be driven through all holes backed by
the timber members.

Cantilever brackets

Description Cantilever brackets
1.5 mm thick zinc-coated mild steel to s
from 38 to 75 mm
be used are

are usually made from

utt a range of joist widths
and joist depths from 150 to 255 mm. Nails to
32mm long X 3.75 mm square twisted nails.

Applications These brackers can be used to form 3 leng-
thcnln_i;.; joint beeween joists, provided the jomt is made not too far
away Irom a support. Manufacturers lay down precise instructions
as to how the permitted dimension between Joint and support can
be dr:t_urminud Cantilever brackets do nof allow the indiseriminate
use of rql,rdﬂm JO15t lengths, but they do avoid the overlapping of
end-on joists over supporting walls with a conscquent saving in
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Fig. 4.21

¢ 1 4

% d

r_ﬂ I

7 LT [R1at <8 4xd

A ximu S N

E':'J-!- Ma - : 12 —-l-mﬁ__ g

¥ | . N
, 2 Restraint
A g ——————< i\ 5 span

. Clear span

Support wall

B Normal min. length 7 times joist depth

(d). Absolute min. length 4 times joist
depth when fully built in or trimmed to

adequale support using “BAT" joist han ers
and 10 No.9 SWG, x 32 mm Ig, nailed fixing.

Cantilever bracket

| 10N 1 -sectional area
timber. They also result in a reduction in the cross-sectional
of timber required. (Fig. 4.21)

L

Setting instructions

Nail the cantilever bracket to th..e joist to bz c:r:ll;:crt;c:
over the supporting wall. This is blc_last | :Jins”he i
ground. The joist must be located 5:::]111;1rtl;::l a_i pp e
ward projectung lug 1:nith:: t;lasgr;fl'{;:t;n s

3 'rside of the joist and n |
m:}tzl‘idc:ut the underside of the other joist (t
oist) to receive the .br.ack.el:‘ -
Place the cantlever joist in pu‘smqn& o el T
Place the meeting joist 50 t}}at 1ts r;: lﬁf i
the upward projecting lug in the base

nail in position, ad
All nail holes should be filled.

he meeting
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Note: Smce the increased populanity  of “mh”'ﬁ'lmcd

forms of house construction, a number of specialized metal .
sories have been ntroduced (see Timber Frame Housing py 111y
Burhtn 111 this Site Practice SEries). .

Section D: Background

Strength of mechanical fixings in timber bases

The strength of mechanical fixings to timber bases is affected by
the species of timber 1n question, some species being considerably
stronger than others. The terms ‘softwood’ and *hardwood’
should not be confused with an indication of the strength of the
wood. The distinction is purely botanical and many hardwoods
are not as strong as some softwoods. Softwoods are broadly tim-
ber from coniferous trees and hardwood from deciduous trees.
Most timber used for structural framing comes from the softwood
category. Generally the more dense the timber, the higher are its
strength properties. This is illustrated by the statistics in Table
4.5.

Table 4.5
Species Density Maximum Maxinm
(kg/m”) hending compression
strength strength
(_N.Hmul} pdr'ﬂ”ff_'m arain
(N/mm™)

Pitch pine 760 107 $0.1

]?L"ngldﬁ fir 545 03 §2.1

Eun}pcan larch 545 02 ;m-?

Baltic redwood 481 83 45.0

‘f.fus.tum hemlock 405 ht 4:7-4

h'urupt:an Spruce 417 ';:*-: 30. 5

Western red cedar 168 63 FH-D

vi;lrc}ée :;T;E:c tl:}: W(:Dd’ gtr_lurall}r the hfr:ttur tl'{e fixing, pro-
e E_ . .alt the Quallt)lr of .tl.w picces of timber bemg
grain, etc.) anqd :;:..em (same disposition of knots and slope of
| ;. etc. CIr moisture contents are the same. All the
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figures 10 Table 4.5 rel
cent moisturc content.

The direction of the grain also affects the strength of the timber
For instance, because of .thc layout of the fibrous cells which mak;:-
up the wood, S S fﬂf_ﬂfs parallel to the grain can be sus-
tained more rr:ud_lly than 5‘1:nllur forces applied perpendicular to
the grain. In tension, wood's s_rrr:ngth perpendicular to slic St
{ower; but parallel to the grain very high — higher, in fact. than
COMPrEssIvVe x;trcngth: All this has a marked effect on the way
fixings are placed in timber joints, both in relation to the edges of
the picces of timber being joined and in relation to other fixings in
multiple fixing joints.

The structural performance of mechanical hixings i timber
bases, therefore, depends on the size and thickness of the timber
base (and, if appropriate, the timber component) as well as the size
and character of the nail, screw, bolt or connector used to make
the fixing. Often the strength of the joint is determined by a com-
bination of the characteristics of the timber member(s) and the
fixing. Thus the size of the fixing is critical to the strength of the
joint, but its strength can be undermined by its use in an
inappropriately-sized piece of timber, or if it 1s placed in such a
way as to cause the wood to split or form planes of weakness.

The other vital factor to be considered is the possibility of the
corrosion of the metal fixing. This will be considered later in this
section. _ __

The design of joints made by tmber connectars 15 very
specialized business and so joints containing these d_EVIFES .a“;
usually provided with detailed engineering .data n the form o
drawings and specifications, giving Precise InStrucuons concern-
ing the positioning of connectors. This aspect 1s sumf:-',w:a? th‘[::
parable to bolted structural steelwork connections -:1_nd 15t CIBI:CHL
hike them, bcynn‘d the scope of this buok}-l.fhﬂ;m?;:;;‘zi Sited
dations are given in CP 112: Part 2: 1971 which s! QUG B
.7 , e AL oo A SR «nine the design of jomnts usiig
if specific advice 1s required concerning
CONNECLors. | gl

There are a few pieces of basic advice Whi‘ih can _h‘: g:veﬁ mzr

: et ing nails, staples, sCIeWs
cerning other structural connections USINg HEEE dequate perform-
bolts and which will help to ensure HXINES of adequate P
ance.

Timber-to-timber jonts can be loa
(Fig. 4.22).

ate ’ S of pecies wi
to samples of the species with a 12 per

105

ded axially or laterally




lload

Lateral load Axial load

Fig. 4.22 Lateral and axial loading

Lateral loading

All mechanical fixings achieve their greatest strength when driven
into the side grain of the wood. In the case of a natl, its optimum
offect 1s realized when the length of the nail 15 two-and-a-half
times the thickness of the timber component. When driven into
the end gram, the nail’s (or screw’s) performance 1s reduced by
sbout a third. Also nalling or screwing into green tumber or into
rimber that will be exposed to the weather has a reduced perform-
ance. The same applies to bolted connections.

Staples have a performance under lateral load cqual to a nail
one-and-a-half times the staples diameter.

In making lapped joints between pieces of timber, the nailing
area is clearly limited (Fig. 4.23) and therefore the number of nails
is severely restricted. To achieve the best performance it is there-
fore necessary to use the largest-diameter nail possible with the
deepest penetration that 1s consistent with the sizes of the compo-
nent and the base without causing the timber to split. Spacing of

nails 1s therefore critical. This will be discussed in more detail later
in this section.

Fig. 4.23 Lap joint

IEthe members of the joint are in line, strong joints can be made
using plywood gussers nailed with generally smaller nails
[th- 4.24). A useful rule of thumb is that the nail length should be
4 times the thickness of the plywood = usually not less than
50 mm Jong, The following nail diameters (Table 4.6) are sug-
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plywood gussel

Elevalion
plywood gussel

—
i

=1 |

Plan

Fig. 4.24 Gussetred joint

ested by TRADA (Timber Research and Development Associa-
%ic;n‘; Méclmniral fastencrs for structural timberwork, Nov 78,
TRADA Wood Information); based on the thickness of the ply-

wood gusset:

Table 4.0

——————————

Diameter of nail Thickness of ply
(mm) {mm]j

2.04 8.0

23 9.5
1.060 11.?.'
‘4 47 15.0

Axial loading &
¢ resisted by the '“"‘““g"f”:’if-,tﬁgt;n;
fixing, usually a nail or screw (a bolt 1s r'flw.h’;v:.lt:::h:wal fixings,
axial loading). Normal nails are not Strong itk abisedd atlsS
but improved nails (squarc twwt.cd or -nmmc[razit}“ depth of the
have a better performance, nllm}’l"g the penctt héming. POWEE. A
nail to be decreased by a third without rec ucu;gﬂ "l regarding
screw has considerably better performance R " '
withdrawal resistance. _

No type of nal or screw produces 80

Ot the performance @
ance when driven into end grain, but the pert

This torm ol h_mding I

od withdrawal perforin=

£ a nail 1s




anaffected by use 1 grecn timber or tunber exposed to &

: clie
damp conditions. A SErew, however, has reduced performane

Ein

'-""'l."....,.'t I.TI § ';"" el Y _— - :
green amber. Double skew-naihng increases resistance of nailed

ioints to axial falure (Fig. 4.25).

_skew nails

a—

N

rAY

Fig. 4.25 Skew natled joint

It should be remembered that it 1s the length of the thread of 5
ccrew embedded in the timber base which gives it its holding
power. Threaded shank unembedded 1n the base has no beneficial
effect on the joint.

Spacing of nails, screws and bolts

The recommended spacing of nails, screws and bolts to achieve

their best performance In nmber-to nmber joints 1S set out in
Table 4.7.

Corrosion

Dampness can be a cause of corrosion in ferrous timber fixings, as
has already been noted in respect of other categories of ferrous
fixing. However, non-ferrous alternatives are more expensive and
rarely warranted except in the most critical circumstances. In posi-
tions where the fixing is to suffer damp conditions, the need for
long-term, high-strength performance needs to be weighed
against the additional cost of the non-ferrous alternative. Often
the use of a zinc-coated fixing is sufficient defence. In the form of
galvanizing it will stand a fair amount of rough treatment during
mstallacion before it 15 1n danger of suffering -prcmaturu farlure.
Timber treated with water-borne preservative salts needs @
stabilization period of about 14 days between treatment and the
i-mmducnun of metal fixings. Otherwise fasteners must be non-
terrous (but not aluminium) after checking with the manufacturers
of both the fixing and the preservative that their products are

compatible. This does not apply to solvent-based preservatives.
When metal fasteners are used in timber

impregnated with
flame retardants. P

the manufacturer's advice should always be

[OX

sought. 1t 15 n_i’tcn necessary o use non-corroding fasteners made
of materials like phosphor or silicon bronze when there s the
Jlightest danger of damp conditions when timber treated by
ﬂahmc retardants 1s being fixed.
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Mechanical fixings in metal
bases

Fixines to metal bases divide broadly mnto two categories: heayy-
duty Lﬁxmgs. being primarily fixings from which high and pr;g_
dictable performance 15 demanded (simular to those used to
connect members of a structural steel framework together) and
lightweight fixings. used generally to make connections to lighter
metal bases or hixings with a less severe performance function.
The first category consists of type 1 through-fixings (bolts and
machine screws of various types); the second category of mainly
type 2(b) base-deforming hixings.

There are two pomts which should be remembered in relation
to both categories. Metal, as a genenic description, covers a wide
range of matenals, some of which are more resistant to corrosion
and atmosphenc degrading than others. This means that the metal
mist either be protected from the conditions which may cause 1ts
decay, or the type of metal must be selected to be unaffected by
the conditions.

Secondly, as the fixing devices are themselves made of metal
and the subsidiary component may also be of metal, the problem
of galvanic or bimetallic corrosion has to be considered and

avoided. This problem and its avoidance has been discussed in
Chapter 2 on page 9.

Section A: Heavy fixings

Heavy-duty fixings to

metal bases comprise bolts and machmne
SCTEWS. Thcs:f parallelsided fixings are generally  drilled-tor,
through-fixings in the category q.*pcwl sl ive e i conjunceion
with 2 mint a_nd (possibly) washers, The difference between a bolt
and 2 machine screw is largely based on the length of its thread

112

and ther¢ e t‘im amount of size duplication between the two
Fanges of hixings. . ' | |

A bolcis a th_rr:;;drzd fastener ‘-\'I_th a diameter gredter than 6 mm
(M6} and provided with .a matching nut and washers. Below thar
Jiameter, threaded devices are considered as being - reaclide
screws. But this 15 not a complete definition, beciuoring
screws can be obtained up to Mi2 diameter (12 mm) — well within
the range of bolt L'll.]l"l‘lC[t‘l‘E, A machine serew is, however.
threaded for the whole ot its length, whereas 2 bolt is only
chreaded tor 3 part of 1ts shank — usually about two times its shank
diameter. This again becomes confusing in the case of shorter
bolts, where this formula implies an almost complete threading of
the bolt shank. In practice bolts below the lengths shown i Table
<.1 are considered as being machine screws.

Table 3.1

Shank diameter Black bolr lengths Precision bolt lengtis
{(nr1am ) (1) Lmm)

Ms

M6

MS

Mio
Miz
Mia
M:2o
M2y
M3io
Ma6
Miyz

A

— O A fed o e s bW
9 Ly WAy W L I':] " l--'} 4
-

A1 Bolts

The introduction of the metric bolt has mﬂﬁq;hzei;; Cg;:;
situation of varving threads used 1o this C?u“mr’_u.lduﬁssﬁ&ﬁﬁﬂ
Standard Whitworth, British Standard Fing, British all may be
Unified Coarse and Unified Finc threads. T!lﬁﬁil;d hi?been
encountered on occasions. Now the ISO metnc ¢ A British
introduced, eventually to supersede not nnl?[ll:"-' CNM and SI
threads, but some continental threads as well (DN, L4

metric threads). There is also an 1ISO mch (llmﬁ"-"d}

that is also likely to fall out of use- L Ellowed
ISO metric boles are always prct‘eded by :he.gr_eﬁ_ﬁ g W




by the diameter in millimetres (M1o, Mi2 cte.). Coarse angd
SO metric threads are avatlable.

Various head styles of bolts are manutactured (Fig. s.1) but the
most common is the hexagonal all head, matched by a hexagapg
nut,

fine

Hexagonal head Cup head Cup head with nib

g g &

Cheese head Countersunk head Countersunk head
with nib

Fig. 5.1 Bolt head styles

.

> 1
Depth of thread
T

ﬁ(P D Rounded end
—%— Rolled thread end

Fig. 5.2 Bolt end finishes

There are also a2 number of bolt end finishes (Fig. 5.2).

The effecriveness of a bolted connection is clearly dependent on
the size, type and number of bolts, as well as their spacing and
location. These are marters which will be detailed on the engin-
eer's drawings or in his specification, assuming that they have
structural significance, and therefore need not be covered in this

bmk. Some ..guidelincs on the spacing of bolts is included in sec-
tion C of this chapter.
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Black bolts

Description The name "f::lack balt’ does not refer to the
appearance u{_ the bolt, bu!‘. implies an unfinished bolt with a com-
p:v.ratiwly wide range of tolerances — considerably wider than
would be permissible in the case of a precision bolt. The current
British Standard covers a range of diameters from Ms to M6s,
although manufacturers tend to stock a considerably reduced
qumber of sizes. 1 hcw{f are made from mild steel of a limited
strength grade (sce section C, P 143) and are identifiable by an ‘M’
embossed on their heads, without any strength grade identifi-
cation. Matching nuts and washers are supplied with the bolts.

\ Applications Black bolts) are used for general structural
steel applications where high performance i1s not demanded of the
holt and where slip and vibration are not critical considerations.
Access 1s needed to both sides of the joint to make the fixing. The
threaded portion of the bolt should not enter the shear plane
(Fig. 5.3). To this end, bolts with shorter thread lcng_ths, only
onc-and-a-half times shank diameter in length, are available.

’ shear plane

Fig. 5.3 Shear plane

Precision bolts

L ol e r alloy

Description These bolts are Usuall_-'f m?dj’ Tlf';;:f\:;nufbrigh};
steel, supplied heat-treated after nlanufacFFff'( “1 Generally. pre-
finished, They can be supplied in §;3:Me§5 ;'?‘Fh  black bolts and
cision bolts have a greater degree ot act::uraf-‘};:(;‘:‘a.. m_ﬁ.gff‘.l_v_—ﬁm&
their strength grade 15 identified on _‘h?j"r '}‘_’a_ of th;s dwgﬂaﬂﬂﬂ)!—
scction C of this chapter for @ descqul-Wth the bolts.
Matching nuts and washers are supplied With £

ff]xﬁ




-

el - ——— g . .

B

E— _—— .

i ——

——

e

e W ——— —

i I s S| S I —

-y

Applications Precision bolts are used where higher pep.
farmance 1s required of the bolted connection. Access is required
o both sides of the joint and the same proviso applies regarding
the intrusion of the thread nto the shear plane, as was made in
respect of black bolts.

High-strength friction grip (HSFG) bolts

Description High-strength friction grip bolts are usually
made of carbon steel and, when tightened to a predetermined
shank tension, they clamp the component to the base m such a
way that the loads are transferred by friction between the parts,
not by shear in, or bearing on, the bolts or parts ot the connected
members of the joint. Part 1 general grade bolts (BS 4395) come
in a size range from Mi12 to M36; Part 2 bolts (higher-strength
grade) from Mi6 to M33. Thread lengths on Part 2 bolts are
slightly longer than the normal thread length. High-strength fric-
tion grip bolts are used with various types of washer, tlat round,
flat square and square tapered (Fig. 5.4).

AL Hﬁrﬂm _[?mm ;'8 mm
O L:@. 4 O
és*[
L. A-A
A
o Wl
Lol Various washer styles B—-B

Fig. s.4 Nuts and washers for use with HSFG bolts

In the case of Part 2 bolts, the strength grade 1s marked on the

- b 7 : : : o '
bolt: Part 1 bolts have three radial lines 120° apart on their heads,
but no strength grade.

: Applications High-strength friction grip bolts are used in
hlgh-strtngth_ applications where slip must be eliminated. Once
more access 1s required to both sides of the joint to make the
fixing. Part 2 bolts should not be used where the loads operate
along ic_ axis of the bolt. Instead use a waisted shank bolt.
| As it is the action of tightening the nut on the bolt which
Iﬂ.dU-C{:I'h thc_ tension in the shank and causes the friction between
the joint plies, the procedure of tghtening must be carefully con-
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L length

gnp lﬂn'gﬁ;!]

|

1

iy ap—

Fig. 5.5 HSEG bolt showing head markings

erolled. There are two methods: the part-turn method and the

torque control method.

Setting instructions
Part-turn method (Part 1 bolts only)

1. Tighten the bolt using a ?odg§r spanner .in. ;hr. normal
way to draw the jomnt surfaces into close contact.

Record the relative positions of the nut and pm_tfudmg:
bolt end with a paint line or a cut from a cold EhlS;l. |
Finally tighten the nut using an 1mpact w.r_e_]nch- .so g.a:lllt
turns relative to the bolt by the amount specified — usually

half or three quarters of a tum.

b

i

Torque control method (Part 1 or Part 2 bolts)
Ncelh . t 10
: - : : evice, mghten the nut 0
alibrated tightening deviee, 65 s
e ; duce the mimmuin bolt tension
" data, Ths is the preferred

the torque necessary to in
set out in the manufacturer
method.

- . aagoered patiern
Note: Bolts should be nghtt:-nedd i ; SLEE P
: - - i 3 a
and, in large groups of bolts, work sh.m.l_l. _ S;f lering washe
the group and move outwards. The use QL& SL2 - g ‘“,'33‘_“3_:

ng. A matching plain washer shouid 4
nut.

from the centre of

- be wre-load of “ghtm’
under the bolt head can help to malnt.m"‘i;jbg used under the




L oad-indicating bolts (L1B)

Description. This 15 a special HSFQ bolt which gives 4
pln+5ical ndication when the bolt has been tightened correctly. [y
hﬂsr a square head with a triangular pad under cach corner of the
head and a r.;:.:::sscd section berween p‘-ldﬁ.

Applications Load-indicating bolts are used in all appli-
cations where normal HSFG bolts could be used. Access is onge
more required on both sides of the jﬂint_._ I'he tightening of the
bolt compresses the triangular padls .(A) (Fig. 5.6) and reduces the
gap at C. When this reaches the minimum set clqwn by the manu-
facturer, the required bolt tension has been achieved.

Fig. 5.6 Load indicating bolt

This is a more reliable indication of shank tension than the
torque control method applied to normal HSFG bolts which tends

to measure the friction between the mating surfaces of the thread,
rather than shank tension.

Setting instructions

1. Tighten the bolt connection in the usual way.

2. With a fecler gauge, ascertain when the gap between the
underside of the bolt head and the washer (or steel com-
ponent) at C has been reduced to 1 mm (or the dimension
laild down by the manufacturer). The bolt has then
achieved the necessary bolt tension for the friction be-
tween the plies of the joint to have been achieved.

I8

Note: Manufacturers. usually récommend

- the si
go gauge should be 0.75 mm thick. size of

no-

{ oad-indicating washers, which operate on similar principles,
. - : , , : Hay
are also available for use with conventional HSEG bolts.

Waisted high-strength bolts

Description This special HSFG bolt is usually made of
high-duty alloy steel, and_ its shank diameter is reduced (or
wwaisted’) below the root diameter of the thread. This allows an
- creased tension to be achieved in the bolt due to its high degree
of elastic tension. Failure, therefore, oceurs in the shank and not in
the thread as 1s the case of standard bolts.

Fig. 5.7 Waisted high-strength bolt

' ' “used in pos-

Applications Waisted high-strength .hol!ts_ ar; usiensinI:: .

itions of severe fatigue or where bolts are subjl:_ctl:‘ ‘?int.m Ly
well as shear. Access is required to both sides ot the Jou mak

connection.

Accessories | ‘ghsmnd
There is a number of types of locking nut ;wangﬁ _ ;‘;'%ﬁﬁﬁ_
the effects of vibration on bolted connections (Fig. $uB)e L=
clude slotted and ‘castle’ nuts, for use Wi
device, and self-locking turret nuts which
above the hexagonal nut which 15 cut

pitch the thread above the slot.

include a turret section

twice and deformed to de-

th a splic pin or sumilar




(b) Slotted nut

(c) Castle nut

Fig. 5.8 Locking nuts (a) Two types of turrct nut (b) Slorred
nut (¢) Castle nut

A2 Machine screws

Machine screws form an uneasy bridge between heavy-duty and
light-duty metal base fixings. The difference between machine
screws and bolts has been explained on page 112. Generally,
machine screws are used to make medium-duty fixings and never
move into the upper level of heavy-duty structural fixings, as do
bolts. British Standard 4183 1967 gives a preferred range of
machine screw sizes from M2 to M1z diameters with lengths from
§ to 90 mm, bur the majority of machine screws in common use
are i the lower, hght-duty end of the range.

Description Machine screws are made in a variety of
metals, both ferrous and non-ferrous, and in a number of finishes.
Head styles can be pan, countersunk, raised countersunk or cheese
head (Fig. 5.9) with slot or recess driving profiles. There 1s also @
range of hexagonal socket-headed serews, including cup, button
and countersunk head styles (Fig. 5.10) as well as (at the larger
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o S

| o
' ) =

— L
o {b}ﬁ o g (L] \d) (©)
Countersunk aise Pan
countersunk Gheese Round

Fig. 5.9 Machine screw head sevles (a) countersunk (b) Raised
. countersunk (€) Pan (d) Cheese (¢) Round

end of the range) the hexagonal bolt head styles.

Machine screw points can vary from the normal flat end, to
spccinl lead-in ends like the cone pomt or dog point.
Matching nuts and washers are supplied with machine screws.

Le"._-;l-j St LL.:,.-'
S
(a) (b)
Cap Countersunk
SCrew head

Fig. 5.10 Machine screw socket head styles (a) Cap serew
(b) Countersunk head () Button head

mmm Rolled end
mmm} Die point
ﬂm Dog peint
mmmm 45° Chamfer
@m Cone point
@I - Round point
m Flat point

Fig, s.11 Machine screw points
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Applications Machine screws are used extensively tq COne
nect relanvely thin materials to metal bases, when aceess js avail-
able to both sides of the jont. Locking ”u“" I a variety of forms
Tre available to counteract the possibility of loosening, caused by
vibration. There are also special nylon-lined nuts and screws with
nylon inserts, which achieve the same locking effect.

Nore: Although machine screws are generally used jy
conjunction with a nut, they can sometimes be used as blind
ﬁx:iﬁga nto a threaded hole in the metal base. Where a threaded
hole 1s of a poor quality, or a higher standard of mating between
the thread and the tapping 1s required, a thread insert may be used
in the tapped hole. This reduces the size of the machine screw, but
can accommodate variations in pitch and diameter.

A3 Set screws

These are in effect headless machine screws and are used for the
same general applications as headed machine screws. Usually the
smallest diameters of set screw are more common, although the
range of available diameters extends from M3 to M24. They can
have slotted or hexagonal socket-driving profiles and square, cone
or dog points. Set screws tend more frequently to make blind
connections into tapped drillings in the metal base, than to be used
with a matching nut.

Section B: Light fixings

This group of fixings covers devices which make a connection
between a thin component (often a sheet of metal or other
material, ¢.g. industrial claddings) and a heavier metal base. 1t also
mcludes devices which make a connection between two thin metal
elements,

.ln spite of the name of the group, the engineering performance
u-‘f many of these devices should not be underrated. This is par-
tcularly true of some of the extensive range of devices used to
attach cladding to steel framework, These have not only to resist
considerable uplift forces caused by wind pressure, they often,
too, are required to fix the cladding with sufficient firmness to
enlist [ht‘ sFrcngth of the cladding to brace the structural frame.

Muost fixings in this group are hum-:-dut};_:rming type 2(b) devices =

[22

thread-forming, thread-cutting, self-drilling screws

or pneum ,mr-:utt_uqtcd fixings. There is also 1 small r::. powder-
5(a) drilled-for fixings which are associated with l‘fak-i? tht?F’c
sided, blind conncctions between a thin metal base angd 5:15::;

component. These include light rvets, rivet bushes and self
locking tapped holes. g

B1 Base-deforming devices (type 2(b))

Fixing devices in this category include: self-tapping screws: self-
drilling screws; powder-actuated fasteners; pneumatic-actuated
fasteners.,

Self-tapping screws

These screws all require a pilot hele of the correer diameter to be
drilled in the base into which the screw is dnven. During driving,
the screw produces its own mating thread in the base matenal.
Clearly, self-tapping screws are only effective if there is sufficient
thickness of base material in which to form a thread long enough
to give a firm fixing (Fig. 5.12).

Description Self-tapping screws are usually made of

hardened or stainless steel and fall into two categories: thread-

forming and thread-cutting screws. The latter type are not greatly

- . . - .. 1 ! d
Fig, 5,12 Buildex ST and self tappmng fastencrs for roofing an
cladding fixings
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ased in building. They form their mating thread by CULting and
there are various pomt profiles, usually slotted or chipped, tq i
the cutting action nd to avold the resulting metal swarf from
clogging the screw.

"l:hrcad—tbrming screws. on the other hand, form their A
thread by deforming the base and not by removing any of i:;
material. The two most commonly-used types of thn:nd—ilmlmng
<crews are the type AB, with a widely-spaced thread and a gimlé;
point, and the type B (formerly Z) with a similar thread and 4
slightly tapered point. Head styles include countersunk, raised
countersunk, mushroom, flange, pan and hexagonal; driving pro-
files are slotted or recessed. Sizes range from self-tapping screw
gauge no. 2 (2.18 mm) to 14 (6.15 mm) and lengths from 5 ta
$O mm.

CITUITLIIINY

Type AB

LTI

Type B

Fig. 5.13 Self-tapping screws, types AB and B

Applications The type AB thread-forming screw 1s used 1n

hght sheet-metal bases; the type B in light and heavy sheet-metal
and non-ferrous castings.

Setting instructios

1. Drill a pilot hole in the base material of the diameter
recommended for the particular screw diameter. A clear-
ance hole should be drilled 1n the subsidiary component.

>,

) ' ] Ik
Position the component and place the screw point in the

pilot hqlt and drive home using a manual or electnc
screwdniver,

by GKNhufé: ];&dumqm:‘..typu of thread-forming screw 1s produced
steel, has a-lthhu I'aptite, this deviee, made of cold-forging
‘ a trilobular shank (in section rather like an t:quilatcrul
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eriangle with its corners rounded off). This, wh
circular pilot hole, forms its mating thr-ead.‘b
chort forward tace of cach lobe (Fig. ;’l 4}‘ This. o1 the
degree of thread engagement, reduced friction during diitn h-.gh
high clamping action of the subsidiary AT o ng ;n:;l_
also claimed that these serews have a tensile strength .reat:scix .
conventional self-tapping serew or machine serew. greater than a

en driven nto 3
y the action of the

Fig. 5.14 Taptite self-tapping screws

The Taptite screw is available with various head styles and driv-
ing profiles, in diameters from M3 to M8 and lengths from 5 to
40 mim.

[t can be used in thick steel sections, cored die-castings and thin
sheet steel, provided that the pilot hole has an extruded nm. In the
latter case a pilot hole is punched in the sheet steel so as to leave a
protruding rim around the hole on one side of the sheet
(Fig. s.15). This clearly increases the ‘thickness™ of the sheet to
receive the mating thread. Taptite screws can normally be used

successfully with a drilled or clean (non-rimmed) punched hole
when the thickness of the sheet is greater than three-quarters of

the diameter of the fastener.

Another special type of thread-forming screw driven into 3

pilot hole in a metal base by a hammer, rather than a screwdriver,
is the ‘U’ type of drive fastener. This is referred to in BS 4174

punch

taper to centralize
T punch in die:
when setting up

d—.- -

bullet nose

ST
B Pl
1_ art Vi:
_‘_FU
die =i D |

Fig, 5.15 Extruded hole to reccive a Taptite SCECW
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Buildex are the two most comm hﬂjﬂ&*‘d fmtﬂﬂsafsﬁiqtﬁg
SCICW S
Twinsca! cladding screws (Buildex) are avabble = two seneral
self-tapping screw gauee no. 12 and keeths Fome 25
j00 mm. 1here 2re some "':'.T zauges avalable for speaal per-
poses. The Twinseal screw 3 metal/EPDM hexagons] bead
and scaling washer. Another T% Screw — the Scoss Teks —hasa
stainnless steel head and s av lﬂibzf‘ m2s and i ombkepds I
addition there are similar manges of deck-fromg slt-dnlbns
screws, including hexagonal cz.fn or round beads with meoessed

doving profles.

. =
- ! - - — ~=
ﬁt "I‘\. ‘d 1-“ :‘-f;n -.:.EE_-_ Ly

Apphicanioss Teks seli-dnlims SGrews arc msad lei!

for ficing cladding or deckmg t© soel framework m one ﬁ
ston. without pnﬂr preparanen, .md from hmuh'of th _
dmg or the decking. One rangse of Twmlmmﬁ
mtmdcd for fixing © cold-rolled pushns =p W LS m’!‘ﬁt‘
znother o hot-rolled purlms trom § 1O ﬂimm g~
also 2 ranse of Standoff Teks mtended © III
laton in onc operation vxthout
(Fe. 5.18). _
ltmtm.rtmlwuscthemw
fxing s:elf—irhﬁhng screws. Buildex and Brinsh 5
the Black and Decker HVa2sT mmenkﬁﬁm |
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It 1s particularly important when
that consistent pressure on the
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hxing cladding fasteners
sealing washer 15 mam-

tained. In order to achieve thie always use tlectne
" ] . :
screwdriver with 2 depth-locating nose .

fiust the depth-locatine .
;Ll. - ULl . t]n'f-‘ ﬂ{‘ﬁ-t in QCCGrdancc

INstructions

with the

L‘nlltﬂ_‘-:c{:l!".;r'_- - :
ma or the particular device

(Fig. 3.19).

13 mm Twinsea 18 mm Hex. heagd
washers washers
\ |/ \ ~ \
i | 1 . |

W ‘M\i

correct 16 mm
and 19 mm
washer compression

correct 13 mm
Twinseal
compression

Fig. 5.19 Adjustment of depth-sensing nose on electne

-
SCIEewanver

3. Holding the screwdrnver perpendicular to the component,
drill through the cladding and metal base untl the screw-
driver’'s nose makes contact with the component. The
drive will then automauncally disengage.

4. Check thar the washer under che scew hf'-‘lfi is hrmly
bedding down. If not, make any necessary adjustment {0
the depth-locating nose.

NN F

Note: There is a number of speaal w;she;s'avaﬂaklﬁ f“_‘
use with all self-dnlling screws, either for _wcatheitﬁffahﬂg e
spreading the fixing load over soft insulation bmrds ,(ﬁg,ﬁ };:1
There is also a number of snap-on colour caps for ¥5 with
ding fasteners.

Powder-actuated fasteners

These fixings require no prior preparati




(a) wood (softwood or hardwaod):

(b) metal sheeting or brackets:

(c) soft sheet materials (insulation board,
ete.) usually employing an additiona
punching through.

'_wontl wool, cork,
I washer to avoid

Different sizes and shapes of drive nail are produced to . -

haracter and thickness of the subsidiary component mater: |
c Further information on the use of ;owdef-ac:::tnfg’fﬂ.. ‘ |
l g S s o : _ ' - e. _xlﬂg in 1
metal bases, their positioning and other matters affecting they .
- * - s rformance are dealt with in the background secti e
Fig. 5.20 Dec-Loc washer with Hilo self=drilling screw and pertorii ground section of this chap-
British Screw head protective cover ter on page 141
ponent or the base, such as the drilling of pilot holes, as in the case Description Powder-actuated fixings are drive pins or nails
of self-tapping screws. The fixing is merely driven through the of hardened (austempered) steel, fired from a tool by an explosive * ﬂ
component and into the base (or merely 1into the base) by an cartridge to make a permanent fixing into a metal base.
explosive charge from a cartridge in the fixing tool or gun. Fixings Pins are produced with various head and shank styles to suit the !
take two forms: material with which they are used. Shank diameters are 3.7 or
4.5 mm and lengths arc obtainable up to 65 mm. Plain-headed .

i. Galvanized steel drive pins for direct firing through the
subsidiary component to create a permanent fixing to the
base in one operation.

. Galvanized steel threaded studs for firing into the base to
give firm fixing points to which to make detachable
fixings to the subsidiary component. There are access-
ories, such as ring or eye couplers, clamps and hooks |
which can be used with threaded studs.

pins are intended to fix the subsidiary component direct to the |
base. Threaded stud-headed pins are available in stud diameters
from M4 to M8. These are intended to provide a firm fixing to
which to make removable connections for the subsidiary com-
ponent. There are various colour-coded strengths of cartridge avail-
able to give the necessary force to drive the length of pin needed
through component and base satisfactonly.

b

'ﬂ
Both types of fixing (Fig. §.21) achieve their holding power by Applications Powder-actuated pins can make rﬁcdlq-l:l_tf
the plastic deformation of the steel, whose elasticity causes the duty fixings (limited to 15 kN pull-out strength) to metal bases
shank of the pin to be gripped immediately after it 1s driven. over 4 mm thick, provided the metal n question_ls_nff.ﬁ_:bﬂlﬂe
‘ Typical subsidiary components which ean be fired through to (c.g. cast iron) and has an ultimate tensile strength greaterthﬂn
make a direct, one-operation fixing to a metal base include: 10 kgf/mm? (kilogram force per mm-). The 'Stﬁngthft}ﬂhﬂ ﬁfng
.I ' . will be dictated by the thickness and the strength of _ﬂh_ﬂ “m“lhm
1 t rnm:ftf: mm) 1 iny. ‘ and the resistance of the subsidiary componento :,pﬂﬂ?ﬁ‘f:l:%h(:;
base steel 7 %ﬁ steelfaluminium | the case of direct fixings), or the strcngl:h of the "f“_t"sipm .
/%f Ry, bracket/straps = the threaded stud in the case of 2 removable fixing. Fthe .
-z A= NN To obtain the most effective pull-out resistance, thcpo:;'zﬂm, 4
i pin should pass right through the steel base, othHWﬁtm;nﬂm w Ll
-2 pressive forces in the stecl, acting on the pont AL wbm this
%2 fn, (;;':m} 0.145] |3.7 f force the pin back put. When fixing to very ihi".k M LG

| i, - @mm in, 0 mm | proviso ma be valid. provided that the depth of PEREREE
F - | - : 1 s y n0t c v& l L1 Pro - - E= ——n y : m
‘6 3:21 Fired fixing types (a) drive pin (b threaded studs the Ilﬂﬁaﬁ”m force on 18

of the pin is sufficient to overcome

i
‘n
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embedment point. It 1s important that the diameter of the ¢
the pin should not exceed the thickness of the steel base
the best holding power.

If fixings are to be driven into metals other than structural seee
it 1s wise to carry out a sutability test on hardness, and i
doubt. consult the supplier of the metal.

The success of these fixings also depends on the type of fixing
tool and the positioning of the pins and the thickness and type of
subsidiary component.

1ank of
obtaiy

§
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Fixing tools

These have been described 1 some detail in Chapter 3, page 47.
together with advice on their use. These pages should be referred
to before attempting to make powder-actuated fixings.

It should be remembered that the Powder Actuated System
Association (PASA) produces basic safety information and train-
g data. Operating instructions should be followed meticulously
and only fasteners and cartridges compatible with the tool should
be used. Also only skilled operatives should be in charge of
powder-actuated tools. |

! Lot |

Positioning of pins |
The minimum distance between the pin and the edge of the base ‘
should be two-and-a-half times the diameter of the shank. The ‘

minimum spacing of pins should be six times the diameter of the
|
shank.

Thickness and type of subsidiary component |
When the component is fixed direct to the mass walling, its thick-
ness and type is critical to the success of the fixing. If the material
15 t0o thin, the pin may punch through (as in the case of very thin
metal) or splinter (as in the case of wood), If the material 1s too

thick, the fastener could bend. or not penetrate the base suf-

ficiently, even using a pin with the longest shank.

Maquta('turers data sheets give full details of the thickness of
sub::ﬂdmry components which can be fixed using various lengths
of fastener.

When soft materials are being fixed, such as insulation board,

with the risk of pull-over failure, or firing through, additional
washers may be required (Fig. 5.22).
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Always
minutely.

dCtuated fixings and, n enclosed surroundings.

Setting instructions
follow the manufacturer's operating instructions

1. Select the length and type of pin required using the manu=

facturer’s data, bearing in mind the type and thickness of
subsidiary component.

3. To ensure the correct cartridge 1S used to give the nght

penetration depth, commence with a tﬁS’f—ﬁrir.lgl.. _u_s.tng a
low-strength cartridge. If the pin does not penetrate ;E!.
that its point passes through the base (or Etnct_raff tt‘
base sufficiently, if the base 1s thick). .ﬁhﬁl‘tg_ﬂ el mg;‘f;
strength of cartridge. The various strengths of cartrdge
are colour coded. - -
l_’laceltl{:; I;r:w.:rol firmly against the basc (mf. lfﬁﬂﬂgi‘::“i‘:
the subsidiary component, the cﬂmpﬂﬁ?m)r CLLEL
tool is at right angles to the base, and fire.

N ccoc while making powae
glﬂSSﬂSWbﬂem ;mwﬁm |

Note: [t 1s wise to wea_r.safct}*
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Pnenmatic-actuated fasteners
These fAixings arc idenncal to pa*cu.'-..icr—.acrutm*d fasteners; the only
: < the method of driving the pin. All parts of the pre-
cedine section can, therefore, be considered as applicable to
snenmatic-actuated fixings, with the excepnon of that part dealing
Js (Fig. 5.23). Details of these are included 1n

. - -

As 2 major application of the previous group of fixings 1s to con-
nect cladding (roof and wall) to steel framework, it 1s appropriate
to mention 2 group of ;3_':::-:1:;=r~: hcr': which fall into neither base-

These i':ts:;—:-n::rs Were d-“'-'-lor*r‘-* largely for the fixing of corru-

gated asbestos-cement sheeting and a all based on 2 simple hook
bolt which hooks round one leg of t}m sheeting rails or purlins
The bolt is threaded on its non-hooked end and this end passes
throngh 2 dnlling in the sheeting to receive a2 washer and nut.
which “{_'f'ld.-? the sheeting '_* in place. The waterproofing of the hxing
is then complered by 2 plastic cap snapping ovet the nut (hg.
§.24

B2 Drilled-for fixings

Tl}s‘:;e: tasteners are mamnly used to secure two thin sheets ot metal
1‘- - - i___ - : = L a—— " OF, :
nere a selli-tappng screw would not be able to make a sufficient

T
lcl; th of mating thread in the base to obtain 2 firm anchorage, or
\l._ ‘{' 1S 5 T

iere the use of 2 machine screw and nut is prohibited hL*C:iUSt
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Fig. 5.23 BIF pneumatic fixing tool at work

estricted to ene side of the

the manipulation of the fasteners 15 £
base.

Many fasteners to light-gauge metal bases arc afﬁ;::t‘:’?t
most of which are not greatly used on site in the buik
try. Some other devices need aophlsncated equipment bﬁf |
from both sides of the base sheet, © prepare the tﬂ[ﬁeﬂ’lﬁt" . |t
h‘““g An e\ampli. of this 15 a rivet bush Wh‘:h | ,
pre-drilled hole and is clinched there by a.

forms a reusable threaded bush in the met = 4 w
repeated machine screw fxings. Us“any‘ N -




|
£
o
a:.:l
= |
@ |
s
O
W =
-— o
Q c
@
%
Y

crook-bolt with  hook-bolt with
washer and cap washer and cap

Fig. 5.24 Sheeting hook bolr and waterproofing cap

]

Fig. 5,25 Setting diagram for a rivet bush (ISC Press Nut)

arc installed in the base sheet before it is delivered to site and
therefore these are not applicable to this book.

Other devices which would be
to thin metal bases depend for ¢
flexible part of the dey

suitable for making connections
heir effect on the bunching of 2
ice behind the base. These are in many
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SpeCts indistinguislmblu from some of the deviees iy
_Ehi_bter 6. In making a selection of this type of fixing. horsr in

. i | g, therefore
it 15 dvisable to examine t“hc relevant parts of Chapter 6 gs :wfllf.ﬁ:
chis secnion. Only those fasteners specifically d"'"dﬂi’:‘cdf'm makt

lind connections to thin metal bases (tapped h
are considered here.

oles and blind

rivﬁ'ts)

Self-locking tapped holes

These devices have a similar purpose to that of rivet bushes in that
they provide a permanent, .TELISFlb]E, threaded fixing point to re-
ceive a machine screw. Unlike river bushes, however, self-locking
tapped holes can be p*lncgd from one side of the base and without
using a press. They fall into two basic types: screw actuated and
independently placed tapped holes,

Screw-actuated tapped holes

Description There are various proprietary forms of these
fasteners, Generally they consist of a brass, aluminium or plastic
internally threaded cylinder with a flange at one end. The cylinder
is shaped externally and split to encourage the opening of the
fixing at the rear of the base when the screw is mnserted.

Applications These fasteners are used to p;wide t&‘PPﬁd
holes in thin metal bases from 0.5 to 3.0 mm thick to reCeive
machine screws of about M3 diameter. Some _Plﬁs'ﬁiﬁ tapped holes
are used with 3.10 mm woodscrews (Fig. 5.26).

1 2 3
T |
W (B

Banc-lok  self-locking tapped holes {

Pig. 526 Screw-actuated rapped hole




Settme (nstructions

1, In the base, dinll a hole ol the diamete specihicd by the
fixing manufacturet,

the base.
¢ Pass the machine screw through the component -
serew mto the t.uplml hole unol oght

Independently placed tapped holes

Descriprion 'hese devices are usually made ol alloy steel
8] HI.““II'_\.\ H.[t"i‘] .llh{ cansist of an mtrrn.nllv I||ll'.1t|nl Illlu, “-“h i
profiled tange on one end, This thinge appears on the base as
betng a flat or countersunk head.

Applications These fasteners make a hxed, anti-rotational
tapped hole in this bases which will receive machime screws from
M2 s to Mo, They are usually placed using a spectal handroal
(2, $.27)
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IR 5,47 il'llrlw”"h’.'“h I'I.It".‘tl tJI"I'H.'I.i hole (Clufiy, ISC)

NCLUHR (nstrnstions

Lo Incthe base, drill 2 hole of the diameter specified by the

BXIng manufacturer,

|

Inse - ne '
isert the tastener so that its H.m;r,c rests on the surface ol

1. Using the - _
Using the handtool provided, drive the fastener mto the

base, This forces ol :
- Ehis forees the profile under the lange into the base

| 38

sert the fastener SO that ats tange rests on the SUrtace gf

muaterial and avoids s ratation when the
the machine serew. It alse bunches the
real ill '1“. l‘-l"il'.

© fastener receives
fastener against the

g Pass the machine screw through the

. COmpon
SCrew 1Into {'l'lr‘ I-i'“-tl:.'lll.']', I cnt d“d

Note: A similar device sets a threaded stud in sheet metal

0.5 mm and maore thick, by buckling its shank at the resr of th
base with a handtool (Fig. <.28). : c

A
F

| _WIJWM (\( []ﬁ% =
N I’_{ ;m* 2 N
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| ? 1

Fig. 428 Independently phiced threaded stud (Rifbolo

“lil'ul FIVEeES

Description All vivets depend on the enlargement of a part
of the rivet on the further side of the base from the msertion side,
Uhere is a variety of lightweight rivets used in the manutacture of
many lactory-made products. Few of these are normally used on
site. Those that are, are usually made of a variery of soft metals or
plastics and cither consist of a plastic msert which 1s hammer-set
(Fig. 5.20) or a metal pop rivet which 15 bunched behind the base
by the withdrawal of an integral steel pn using special hand
machine (Fig. §.30).

Applications Most light rivets are used to connect thin
sheets of metal or plastic of a combined thickness from 1 {6
8.5 mm (hammer=set variety) or upto 12,5 mi(pop FIVEE Variety)

e
e

2 3

Fig. 5.20 Blind nivet (hammersset variery) (Clic rivet)

3




{a) Pop rivel (b)Sealed-end rivel (c) Automatic-feed rivet

Fie. s.10 Blind niver (pop rivet type)

Setting instructions

Drill a hole of the diameter specified by the manufacturer
through both component and base.

Align holes and msert the rivet until its shoulder lics on
the surface of the component.

In the case of hammer-set rivets, drive the head of the
plunger until it is flush with the surface of the component:
in the case of pop rivets, draw the steel pin upwards.
using the nivetting tool, until the pin breaks.

Note: Pop rivets come in a variety of types, including
ones with a sealed end (which are air- and watertight) and the
automatic teed nivet. This latter 1s set by the withdrawal of a set-
ting mandrel which is retracted. unbroken. into the fixing
machine, unlike the normal pop rivet in which the pin is integral
with the fixing and breaks-off on setting.

Self-tapping inserts

There 1s one further variety of device which is similar to a self-
locking tapped hole, but which is used to form a threaded socket
n thicker soft-metal bases. It is called the self-tapping insert.
Description These cylindrical devices are made of brass or
cas?-hurdcned mild steel. T'hey are threaded on the outside with a
suIi-ta_pping thread, and on the inside with a thread to reccive 3
machine screw. The inside thread is also cut by a series of vertical
grooves which receive the edges of a he

: xagonal driving piece used
to drive the socket into the base.

Applications The mild steel version of this device is used
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to create a tapped hole in a light alloy, the brass version M a plase
base. They vary in length from 9.6 to 15-7 mm and are inten'dcf[

to be used in bases which are thicker than these lengths. Self
tapping 1nserts are supplied in a range of sizes ro receive machine
screws from My to Mio (Fig: 5.31).

Fig. 5.31 Self-tapping insert (Kwik-sert; ISC)

Setting imstructions

Drill a hole in the base of the specified diameter. The
length of the drilling should be 1.5 mm longer than the
Insert. S
Screw the self-tapping insert into the hole using a
hexagonal wrench or an adaptor on a mechanical serew
driver s . .
When the top of the insert is flush with the base, stop
screwing and remove the drivepiece.

Section C: Background

Bolted connections |
: : jor structural import=
Heavy-duty bolted connections, being of major structu P

‘ (mineer in detail on drawings
ance, are always described by thf:' eng H#‘Tdm b;lct_:?ﬁlbwed ik
and specifications. These instructions should be followed SETUpt




lously. The design of holltcd connections of rhi_::; type is beyand gy
scope of this book. It I‘ngl'lt.' hl._‘i.‘l.,\'tt\-{fl. be usetul to learn 4 little of
the backeround to these hixings. _ :

Heavy metal-to-metal fixings derive from thf; pPeg, used in
ancient timber construction, This later developed into the rivee gy,
metalwork — a peg whose end was cn.larg::d by beating on either
side of the picces of metal being _](:Hll(.‘d. NL‘\'t_‘rthclr:ﬁs rivetted
joints took a considerable time to form and did present a fir,
hazard. as a furnace was always necded close to the point of
installation. The bolt, therefore, was developed which had mosg of
the characteristics of the rivet, but few ot its hazards.

The rivet has now almost completely disappeared from present-
day construction, except for very light versions of the form (such
a5 iw.np rivets, cte. ), and even these tend to be used more frequently
in equipment manufacture rather than on the construction site,

A bolted connection’s strength depends on the size, type and
number of the bolts, the thickness and typc of steel (Ur other mr;-ml_)
from which the base and component are made and the spacing
of the bolts.

The latter aspect 1s particularly important as the majority of
steel-to-steel bolted connections put the bolts mto single or double
shear and their failure can result not only from the fracture of the
shank of the bolts, but (more likely) from the deformation, split-
tng or eventual tearing through the base or component of the
bolt. This 1s known as bearing failure.

As a result, the disposition of the bolts in relation to the thick-
ness of the thinnest outer plate of the connection (for this purpose
referred to as the component) 1s vital, and the assessment of mini-
mum and maximum end and edge distances and centre-to-centre
spacing of belt becomes a balance berween bolt diameter and
thickness of the component. This is all laid down in the relevant
British Standards and is too complicated to consider in this book.
[t 1s also unnecessary, as all bolted connections should be carefully
designed by the engineer and thoroughly described, so that the
u.'t:a_rif: on site can be undertaken aduquatfqu.

I'he important factors to remember are:

(a) tijc bolt holes should be accurately drilled to the correct
diameter:

(b) the bolt should fil] the h
(€) bolt holes must not be

(d) the nuts should be fully

ole with practically no tolerance;
misaligned;
tightened — if high-strength bolts
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are used, all the relevant advice Zive
ter should be minutely followed.

n earhier in this chap-

Note: The method of designating the strength grade of
holts is worth a bricf note. Grade designations are laid down in
ewo digit numbers. The first digit is one-tenth of the minimum=
strength grade of the steel in kilogram force per mm?> (kgf!mhﬁ)-
The second digit 1s arrved at by the formula: |

: yield stress

P 1/
- —— - - - i
10 mianimum tensile stress

For instance, strength grade 4.6 (the normal grade for black
bolts) indicates that the steel has a tensile strength of 40 kef/mm-
(first digit = 1/10 X 40 = 4) and a yield stress of 24 kgf/mm~
(second digit = 1/10 X 24/40 X 100/t = 6).

Strength grades of nuts are designated by one digit which repre-
sents one-tenth of the proof stress in kgf/mm=. This corresponds
with the mmimum tensile strength of the highest grade of bolt
with which the nut can be used.

The use of the kgf'.f'mm:' unit is in accordance with continental
practice, but it is expected that the correct SI unit (N/mm?) will
eventually be substituted (1 kg = 9.81 NJ.

Powder- or pneumatic-actuated fixings

There is a number of factors which affect the perfﬂ@anm of ﬂ_rf&
fixings in metal bases. These have been rc‘ferfed (0 bneﬂy anc_i ina
general way in the preceding section at:' this ch‘:?p.ter-. f‘nr :huse
who require more detailed background information, this section
has been included. 1 s

The following factors will influence the fastener’s performance:

(a) strength and thickness of the metal base;

(b) the brittleness of the base;

(c) its yield point; e e
(d) the temperature at which the fixing 1s to be loaded:

(¢) fastener spacing and positioning.

Strength and thickness of rht* fnet_q'l base e s s
Generally, fired fixings can be made to "".‘ﬂ?l-m?im;---m, e
ness or above, but the tensile strength of _-t-hﬁ: LA ke S ans

' ang and, generall
influence on the strength of the fixing and, gener:

lly, the lower
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the ultimate tensile strength of the m:irul.. the greater the thickness
of material needed to make a 5-‘“5“‘-‘“”_"&' tixing. Fired ﬁ.*-:mgs
should not be atn:mpn_:d to metals with an  ultimace tensile
strength less than 10 Kgt/mm®. :

With regard to firing Into steel, manutacturers produce dita
sheets which relate the grade of steel to the thickness to which »
fastener can be driven. These establish application limigs that
<hould be observed. Particular attention should be paid to these
when fastening to steels with an ulumate tensile strength higher
than 37 ket/mm-~.

If a fired fixing 15 attempted to steel less than ¢ mm thick (or to
greater thickness of other metals of a lower strength) holding
power will be diminished and denting, or bulging of the base
material, may result. Also unacceptable crushing or deformation
of the steel may occur when side loads are applied. Using an over-
powerful cartridge may also bring the risk of firing through when
thin components and bases are being fixed.

The best pull-out loads are obrained when the point of the
tastener just breaks the underside of the steel base. When the metal
base has unknown strength and hardness characteristics, a suit-
ability test based on trial fixings should be made.

Brittleness of the base
Fired fixings should not be attempted to brittle metals. Good
fixings are difficult to obtain and accident hazard from nail break-
ing is considerably increased,

Yield point
%tccl with a low yield point can be subject to deformation when
tastcirwlrs are loaded laterally (in shear or in bending). In abnormal
conditions, this can result in the loosening of the fastencr.

Use temperature
T - . - . g o L - c
ﬁhjt*ls- a m.x_ddLn and noticeable drop in the holding power of
(jn hxangs in steel bases when the temperature exceeds 250 “C.
1m*:ra]l*_a.:_u:s:: temperatures between minus 1o °C and + 250 °C.
aon no = . g =y A : - . - = - -
t attect either the penetration of the fixmg or its holding

Gt.ircr. ; 1§ ' 3 0 it .
P ) Btln_w\ minus 10 °C the toughness/ductility of steel de-
creases and fired fixings should not be used

- anstrnw spacing and positioning
¢ hole : : v v {
produced by z fired fixing will have little or no effect on

f44

¢he structural performance of the base. Masimum off _

the order of less than 10 per cent reduction - éf:::ﬁhwm be in
more, the use ot fired fixings produces 4 better strf:ssg :l Wht“s
in the steel than when a nut-and-bolt 35513;1'“51? e ldstn’?:pnﬁ
because the base sutters minimal loss of cross-section an mhls
point where the fastener is driven, there e L 5;rat. .t ;:
of the steel due to what is, in effect, the steel being work ;ngtl_
by the action of driving the pin. Ked cold

To obtain the best results and to avoid loosening already placed

fasteners, the following spacing and positioning  dimensions
should be observed: ¢ |

(a) distance between fastener and edge of steel base:
shank diameter;

(b) distance centre-to-centre of fasteners: 6 % shank diameter.

25 X

Galvanic corrosion

When the iixing 158 made of steel and the base is also steel. clearly
no question of galvanic corrosion exists. However, if the metal
base is not steel, or the subsidiary component is of another metal,
this danger should be checked our. Brief details of galvanic or
bi-metal corrosion are contained in Chapter 2. page 9.
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Mechanical fixings to thin-walled
cellular bases (and thin sheet
materials)

With the increasing use in the last 20 years of structures consisting
of light framework faced with thin sheet materials and the intro-
duction of a number of cellular composite products, such as hol-
low core flush doors and cellular composite partition panels, the
problems of fixing to thin sheet materials began to receive priority
attention from fixings manufacturers.

Previously fixings to sheet matenals had not been made to the

facing material itself, but to its supporting framework. As a result,
fixings had to be located where there were studs or noggings be-
hind the sheeting, or additional framework had to be inserted in
the assembly on purpose to receive the fixings. This restraint was
becoming increasingly unacceptable. Means had to be discovered
to fix directly to thin sheet facings, like plasterboard, plywood,
chipboard, asbestos cement, metal and plastic sheets, without hav-
ing to scarch for a framing member behind the sheeting. What 15
more, 1n the case of pre-formed composite materials with facings
on both sides of a cellular core, there no longer were any substan-
tial internal framing members to receive fixings; and most fixings
had to be placed from one side only of the base. In other words,
the fixings had to be 'blind’.
‘ Tht result has been the development of a number of types of
fhixing — sometimes called cavity fixings — which can be used to
make relatively hight-duty, but reliable. fixings to thin materials or
thin-walled composites,

All types are installed in pre-drilled holes (making them,
accgrdmg to our classification method, type 2a fixings) and all
achieve their holding power by clamping the subsidiary compo-

nent to the surface layer of the base and spreading its load as
widely as possible over that layer.

: This is done by opening or €X-
panding a part of the device

against the reverse face of the sheet
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material. Some of these devices can only be ysed ornce, beeaus
part of the fixing is lost in the cavity when the -subsidi;;rj' cor .
nent is unfixed. Others are wholely reusable. s

Fasteners in this group fall broadl-',r mto four subdivisions:

(2) those which operate by the Cxpansion of a fle
the device behind the facing sheet:

(b) those which depend similarly on the o
shaped obstruction behind the fixing
rivet;

xible part of

pening of a wedge-
hole, as in 2 metl

(c) those which invelve the turning or opening of 2 Et}gg’lé
within the cavity;

(d) the so-called "umbrella® cavity fixings, which, during set-
ting, fan out a series of spokes or legs inside the cavity to
anchor the fixing.

Table 6.1 lists the broad categones of cavity hxings and gives
some guidance on which type should be used in which set of cir-
cumstances.

Section A: Expanding cavity fixings

This group of cavity fixings includes at least one — the Rawlnut -
which can be used as a drilled-for fixing in a mass walhng base. It
achicves its holding power in a cavity context by the expansion of
a captive rubber (or neoprene) sleeve behind the facing sheet; but
in addition to this type of expanding cavity fixing there are those
whose setting causes a strong, split nylon sleeve to tﬁ;unﬁh against
the back of the facing sheet; others which are similar to plasqc-
plugs and expand inside the cavity when a loose screw 15_1“5?!’-:?*.1-.
and those which spread legs against the back of the surfacing
material. | |
All these fixings have a reuse valug, except for the last type.

A1 Expanding sleeve (Rawlnut)

Description This device consists ofa tﬂughrﬂhbﬂ;i:;:;;
into one end of which is bonded a metal nut Th*: O:H;;mh et
sleeve 1s flanged to stop it falling thl‘ﬂugh_‘_t_'_l? d ir mrimw
machine screw with an ISQ metric coarse thread is inserted BEE

. - . - :.II i ‘éﬂ.. a1 dgﬂ
the sleeve and, as it is screwed into the nut, the sleeve 1s. Pm
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AAINST the rear surface of the lining ‘material. Ra
fiameters from § 0 24 mm and o Eh’
JblL m < with sl

(1 to 27 min. A ncoprene sleeve version is also available fm* lnh

re oil. hagh ozone content or ki
—stions where ¢ or high temperanires could
k to a rubber sleeve.

I -rnfirr“ﬂ

fixing

pn'hl nt a 1ns

{e -".;Ff,ffl

’lir.'l (i
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has a senes of longitudinal spl-it_-s. A machine screw is nserted into

the sleeve and, as it 1s screwed into the hut, the sleeve is drawn
towards the surface material and the plastic straps are bunched be.
hind the facing in the form of a rosctre. Thcsg devices are available
in a single screw size (5 mm dlf.lll'.tt?.tt‘l') and n 3 lengths, selected
according to the thickness of the facing material - 3 to 8 m: § to
16 mm and 16 to 26 mm.

Applications Split-sleeve  devices make demountable
fixings (i.¢ the sleeve remains mn the wall and can receive furgher
fixings. if required) in all types of thin material or cellular bases
within the size limitations set out above (Fig. 6.2).
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Fig. 6.2 Thuscan Rosegrip setting diagrams

Serfing INStructions

1. Dnll a2 10 mm diameter hole (or as recommended by the
manufacturer). Push in the sleeve so that its flange rests
agamnst the surface of the base.

. Position the subsidiary component and pass the fixing
screw through it and into the sleeve.
3. Tighten the screw.

. One end of the P]ug 15 ﬂanggd Lo
Three sizes of woodscrew (3, 4 and
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5 mm diameter) can be accommg St ,
and 4 lengths. The length is selected Hﬂcﬁrdm A S sizes.

the facing sheet from 3 to 26 mm, A g wfama?g thickness of
into the plug, so the plug is drawp _mﬁ:i'td”s-:.‘tﬁé.?f: i 15 drien |
folded against its rear surface. X ACINg Material and -

ey (il 78 )
N

I
Fischer Rivet Anchors
Type NA

o
NA 8x 40 =1
Fig. 6.3 NA N ylon river (Fischer)

Setting instructions | -

1. Drill a hole of the diameter recommended by the manu-
tacturer for the particular size of anchor. .
. Push in the sleeve so that its flange rests agai ﬁl’.‘-ﬁe -':,: "'.I
surface of the base. : _ e i
3. Position the subsidiary component and pass the wood-
screw through it into the plug. Gl
4. Tighten the screw. Do not overtighten.

b

the woodscrew. It is important that the correct
used and that it is not ovcr-tlghﬁﬁﬂﬁd*; R 4 thicknesses of
l'ﬁ‘i_g'th: of the shank should mﬂtwﬂéﬂ“m e

-
- =
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the subsldlar)r component and thﬁ ml g ',}



A4 Legged plugs (Fischer Type A hollaw

Description This nylon device 15 4. Position the subsidiary component, pushing the anchor

Internally thye ' '
- b : . . ) reade hrough 1into the ¢ :
accept woodscrews and is available in 4 sizes for se i caded g i"ull [T] = t;avxtzj. 4
- - - ' ~ 1 Sm; . € SCrew outwal i - _
ities wiath screw sizes from 3 to § mm diameters, | i nall cay. " ; : . rds, drawing the anchor against the
Borosra:bacing 1oos, ‘Which | : TS, 1t has a serjeq of rear of the facing layer,

ard=-iac CES WhCh are draw ACK agains . s A i

& 1E wn back against the mside syr 6. Tighten the screw.

tace of the facing material when the screw ic tightened

Note: It 1s important that the recommended diameter of
_pud specially woodscrew is used.
1de) — the sOrt

. Applications This type of anchor was develo
h:ir usc 1 narrow cavities (between 15 and 20 mm w
of size normally encountered in hollow-core flush doors. Wh
thcccrcw 1s unscrewed, the nylon body falls inside Ifhf:‘+{_';11,'j{if]
E‘;:ﬁ ot-T; i“fl"nff’lrf;fjbﬂ; tl};l;cﬁilfrzchncss of the facing Section B: Rivet cavity fixings
length of screw will accommodate th ickn Dravscer tnin This group of fixings is designed specifically for ¢ ting 2 thi
& : ¢ thickness (Fig. 6.4) group 5 g P . a Yhor connectng a thin
component to a thin base, the combined thicknesses of the two
being in some cases less than 4 mm. The action of rivet fixings is
= =) not dissimilar to that of the expanding cavity fixings above, the
E main difference being that the action of inserting 2 woodscrew or
self-tapping screw into the device splays out the legs of the rivetin
- the cavity to form a wedge shape, which mhibits withdrawal.

Description Generally these devices are of nylon with a
thin flange on their external end, the other end being splt nto a
series of legs. These are splayed outwards by the insertion of 2
woodscrew or self-tapping screw (depending on the pattern of
rivet). Sizes range from rivets to fit 4 to 8 mm diameter holes. and

rivet lengths from 9.5 to 24.5 mim.

ed to connect a thin
thin base. Often both
in SOIME Cases the
plywood or glass

Applications These fixmngs are Uus
(usually metal) subsidiary component o =
component and base are thin-gauge mctal,.
device can be used with thicker bases such as

fibre sheet (Fig. 6.5).

Fig. 6.4 Fischer Type A hollow door fixing

Setting instructions

Selec _ :
de‘;t: dSCI'FW of the diameter appropriate to the nylon
¥ and ot a length equal to the thickness of the surface ' Setting instructions

layer, plus the th
*7&L, thickness of the 1d) . ent. ! 3
plus the length of the Ul Cmpen 1. Drill a hole of the mcomnl_cndgd size. darop i3l -
2. Drill a hole of th ¢ anchor. > Insert the rivet so that its flange is ¢t AgHih SR
| ¢ recommended diameter o g S8
3. Thread the screw : : surface of the base. 4 et AR
! throueh Ve g ' F e over the ﬂ;!fﬂi-iﬂd
screw the anchor bo dy gn :Zetl:ljbblc-lmwrc?m ponent m;;jl 3. Position the .su]?s_;dlﬂ_l'}' _gpll_}_l?ﬂ.llﬁﬂt over |
it is firmly gripped. S PAIOL QLNGEELER U ' drive the screw into the device. N
KEY -
152 _ A |
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Fig. 6.5 River cavity hxing

Section C: Toggle fixings

This group of mamly metal hxings includes those which open
within the cavity automatically, either by the action of gravity or
because of a spring in the device. They are suitable for most cellu-
lar matenals provided the cavaty is wide enough to allow the
device to open. Some are not recommended for use with glass or
metal bases. These fixings are generally nor reusable, the toggle
section remaining in the cavity if ever the assembly 1s dismantled.

Cr Gravity toggles

Description As the name suggests, these toggles open
automarically as a result of the action of gravity. They consist of a
plated steel toggle bar, pivoted off-centre on a swivel nut. This

nut receives a machine screw, ranging in diameter from M3 to M6
and 1n lengths from 50 to 80 mm.

Applications Gravity toggles are applicable to most ver-
tical cellular bases with soft tacing materials like plasterboard, fibre-
board, etc. provided that the width of the cavity will allow the bar
to l:_:c mmserted horizontally and then fall into a vertical POSILION
bf:flund.the facing sheet. The bar cannot be retrieved, if ever the
fixing is disassembled, but will remain in the cavity (Fig. 6.6).

Setting instructions

. Drill a hole in the base of sufficient diameter to take the
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Fig-

6.6 Gravity toggle fixing

bar of the device.

5 Pass the machine screw through the subsidiary com-
ponent and run the nut of the device on to the screw.
Holding the bar horizontally, insert it through the fixing
hole and allow it to fall treely within the cavity.

3. Draw the bar back against the inside face of the cavity and
tighten the screw.

Note: This device will not operate when the base is lying
in the horizontal plane. In that case a spring toggle should be used.

C2 Spring toggles

Description The spring toggle 1s often ;g_ﬁ:rred to as a;‘b_g%—-
terfly’ toggle and consists of a pl.at_::d Stee}, 1:11nged bar }\*hlch-.hls.
maintained in the open position by the operation of a Spring. ]-»,E e
toggle bar is pivoted on a Swi’f"ﬂl nut which receives a mm;_ ne
screw. Screw diameters range from M3 to Mo and lengths from
SO to SO mm.

Applications This type 15 _app]i_cablﬂ to n;?:th:cm;:::mi
horizontal cellular bases with soft facing maters . ':? i
board, fibreboard etc, provided that the .xmdt-h of t E"-ciid? oThe
allow the bar, which is folded for insertion, to Open ::Inevcr T
bar cannot be retrieved and will remain m the cavity WREREVER
machine screw is unscrewed (Fig- 675

Setting instructions

1. Drill a hole in the base of sufﬁ.cit:ﬂtfiiﬂ

bar in a folded cmujitian;. . cbeidiant _
2. Pass the machine screw-.thfm}gﬂ?' P AN

' O o o torthe serews Fold &
aent and run the nut of the device on to

meter to take the
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Fig. 6.7 Spring toggle

the hinged bar against the spring and insert it through the
fixing hole until the spring is free to open the bar.

 Draw the bar back against the mside face of the cavity and
tighten the screw. {

C3 Cord-retention toggles

Description Unlike the toggle fixings described above. this
type of fixing has a notched nylon bar connected to a nylon cord
running through a movable nylon guide sleeve. Toggle bars are
eitht;r 31.8 or 57.2 mm long. This device makes a fixing point to
receive a woodscrew.

| 'y Applications This type of device can be used 1 similar ap-
plications as the previous toggle fixings. It i1s particularly useful

for 'making fixings 1n plasterboard ceilings. The fixing 1s non-
retrievable (Fig. 6.8).

Setting instructions

I. Drill a hole in the base of sufficient diameter to take the
toggle bar.

2. M : » ‘ 1t '
anoeuvre the toggle bar into position using the attached
nylon cord.

i. 32:!2 :ll:e guide sleeve up the cord to close the fixing hole.
- ¥ass the screw through the subsidiary component and
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Fig. 6.8 Cord-retention toggle

centre the screw accurately through the guide sleeve and
into the threaded hole in the toggle bar.

5. Cut off the surplus length of nylon cord protruding from
the guide sleeve before finally fixing the subsidiary com-
ponent.

C4 Light plastic toggle plugs (Thunder toggle plug)

Description These are sumilar to the gravity toggle, but the
toggle bar in this case 1s housed in the body of the plug and is
made of plastic. A screw is supplied with the device and a plastic
strap is attached to the head of the toggle bar. The body _nfhth::-
plug has a small flange to prevent the plug falling into the cavity.

Applications These toggle fasteners can be used nmst
cellular bases where the cavity width 15 at least 3{_mm A d tht:
facing board is between § and 9.6 mm thick. Plastic toggles are
retrievable (Fig. 6.9).

Sefting instructions

T Insert the
. Drill a hole of the recommended diameter. sy s

: Elttlsbl:l the screw into the plug fnrcmg thetﬂggltlﬂt:j
position parallel to. the base SurliciRs layﬂ; S
align the screw with a threadcd hﬂl“ﬂ thegfmt ot

. Thread the screw through the 511b51dm? COINPARSH
insert the screw into the tng-glf"ba!-.-,
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Fig. 6.9 Thunder togele plug

4. Draw the toggle bar against the inside of the cavity using
the screw and tghten the screw.

Note: Ensure that the plastic strap remains projecting
trom the plug during the whole of this operation and then conceal
it behind the subsidiary component.

Removal instrictions

1. Unscrew the subsidiary compaonent,
Using the screw.

[ }¥]

push the toggle back into its original
position parallel to the base surfacing layer and at the back
of the plug body.

¥ - . = " '
Using the mtegral strap, pull the bar back nto alignment
with the body of the plug.

4. Withdraw the plug.

Section D: Umbrella cavity fixings (Molly

Nut, Rawiplug Interset, Fischer
Fixoplac-metal anchor)

The i mene ; : ;
¢ tundameneal difference between these fixings and expanding

58

(b) Setting procedure using setting toal

. . - ‘ 5 1 1 il &ﬁ] [
Fig. 6.10 Umbrella cavity fixing (a) Seting P.l‘ﬂffd“_-'-_ff yg%ﬂﬂl
screwdriver (b) Setting procedure using SCHinig (0S5

cavity fixings is that the umbrella fixing Pr‘““d-ﬁ:hz,ﬁem;?; .
threaded hole in the face of the base, SLlPP"?‘:Ff’d mh&ﬁﬂlﬂ"ﬁ& .
by a series of metal legs and from tﬁfhi.fh- ﬂsﬂmgz:ﬂfﬁwdm

and replaced as frequently as is rt?qlllfﬂdﬁndi ?izgpbﬂ@h relyon
however, have one characteristic in commnen; HREY BEEEEEE T

the expansion of the device within the cavity.

ng legs actached at their near end '50 I-'-th:‘:,-_ = ': 4 4 ma
vice and at the further ¢nd to a nut W

Description These plated steel fixings €€




screw of My, Ms or M6 diamerer. By serewing the machine
screw into the nut, the legs are folded outwards and drawn back
against the rear surface of the facing matenal, A setting tool 1s
provided by some manufacturers to speed up setting operations.

Applications Umbrella cavity fixings can be used to make
quick permanent fixings to plasterboard, plywood, chipboard and

similar sheer materials (Fig. 6.10).

Setting mstrictions

‘1 . Drill 2 hole of the diameter recommended by the manu-
1 facturer.

Insert the umbrella fiixing.

Screw the machine screw into the device to told out the
legs. Alternatively a setting tool supplied by the fixing
manufacturer can be used.

4. Remove the screw, thread it through the subsidiary com-

b

L

ponent and screw it back again into the fixing to secure
the component.

Adhesives

-

The range of available adhesives for use in build; .
ably increased in recent years. Ms; ltlhf‘;;bl:ﬁmg_ !1;5':9"5“1‘&:.-
t'ur;nulutiuns mvolved i modern adhesives gs sul ﬁ'ﬁt te thml-gl
subject can only be dealt with in general te;ms.;-i::mb:gﬁ that"‘hlﬁ
- 1 B : s, ns w-a-book of this
type. [c is sometimes difficult to allocare with certainty a pro-
pECLALY adhesive to a general category, oreven to be sure of its suita-
bilicy for 4 part;cular usc, All_re-:ommcndat_ions given here sho uld
be checked against the manufacturer’s specific instructions for the
adhesive concerned. '
Some of the more sophisticated modern adhesives, such as some
of the thermosets (adhesives whose chemical set is encouraged by
heat), are ditficult, or even mmpossible, to use on site. Most of
them require careful mixing and application which could prove
impractical in site conditions. A few give off highly flammable
and toxic gases which can introduce prdblcms of safety in their
use and storage. :
Nevertheless, adhesives have distinet advantages to ofter when
compared with mechanical fixings in certain applications, particu-
larly where modern plastic materials are being fixed, or where
visible fixings are unacceptable, or in cases where high-strength
repPalrs are necessary [o concrete Structures. Adhesives alsa elimin-

ate much of the preparatory work to making the hixing, sun:h-

—_

operations as drilling and plugging, merel

y requiring the surfaces

il -

which are to be joined to be scrupulously clean and possibly
sanded and primed. e

With the if]tl‘-()t.‘lucti(_)ﬂ of synthetic resin adhesives, fﬁh“bl?mﬁh'
strength structural joints could be achieved with gl for rfm it =
time. This seractural use of ..ad_ht:-s;i“vf:sf'-‘.ﬂﬁ'g?i-ﬂ.ﬂtﬂﬂf'éﬁlﬁ;‘@?ﬂbm?}q o
. of ttmber components, such as Jarninated bﬂ"‘ﬁ“mwﬂ%ﬁ '
decking panels which were ﬂtass-prbdil.@d'iﬂ factortes.
of adhesives to produce structural components has' Aoy
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largely a tactory, and not a site. practice. H-;ww.!:r::x=t'r. more rur:f:utl}r
i.'-h(;!'ﬂ' has been a marked mncrease the use of adhesives on site i
connection with structural concrete. We have already discussed
one aspect of resin adhesives applied in .“ES way when we con-
cidered chemical anchors in section A2 of Chapter 3. These struc-
tural adhesives arc primarily intended for site use and will be dealt
with later in this chapter.

Generally, though, adhesives cend ro be used on site for making
Ilﬂﬂ-Sfl‘llL‘[l‘ll“&I jo'u;t:;. often between the structure and an applied
finish, like a ﬂl‘norlng or a ceiling tile or a decorative plastic wall
lining. Some adhesives are manufactured to fulfil one specitic task;
others may have a number of difterent applications.

A< in mechanical fixings, there tends to be a heavy, immobile
part of the joint — the base — and a hghter, more mobile com-
ponent. Both can theoretically be referred to as adherends, but the
heavier part is sometimes in adhesive jargon called the substrate.
Generally, for consistency, we shall continue to refer to the sub-
strate. where appropriate, as the base.

How to use adhesives

The most important piece of advice that can be given to anyone
using adhesives is to follow the manufacturer’s instructions. These
have been arrived at not to make the use of adhesives unnecess-
arily complicated, but for very good chemical and physical
reasons in order to achieve the most efficient bond between
adherends.

The way an adhesive is used depends on the type of adhesive,
whether it is a contact adhesive, a wet-stick adhesive, or one of the
other application types. There are other ways of classifying glues —
by their ingredients, or their method of setting — but these aspects

can more usefully be examined in the background part of this
chaprer.

Contact adhesive

This type of adhesive, sometimes referred to as a two-way dry-stick
adhesive, 15 used when both the base and the component are non-
porous. Once a joint made with a contact adhesive has been
closed, there is no chance of adjusting the position of one part of
the jomnt relative to the other. In other words, contact adhesives
have high grab. This is very useful for some types of work where
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clamping the parts of the joint together would
makes the correct positioning of the ”
serempt vital. Contact adhesives are

ations in organic solvents and they give off Hhtotiah T sol

gases (see p- 172). Today a new breed of “’ﬂfﬁréb;;gg;c S gnd'. toxic
sives 1s beginning to reach the market, but their use-fnlt;ac;t‘:_adhc;.
warm, indoor applications at present. Contact adhesi ::- imi
to fix plastic laminates, cork tiles, ete. in other aPPlicaz are us
high grab is essential. ' ations where

be difficule: bug i
parts of the jome ar the ﬁx;t
usually neoprene rubber -551.,-

ted to
¢ used

I\"I{" thod

I. Ensurckthc surfaces to be bonded are clean, free from
dust. oi1l, grease or loose material. |
Apply tht:‘adhcsivc to bath surfaces to be joined in a thin,
even coating to manufacturer’s instructions. (This will
often be done by means of a meral or plastic comb or

notched trowel with notches of a specified size.)

3. Allow the adhesive to dry (its solvent to evaporate) for
the period recommended by the manufacturer. This “open
time’ is important: too short an open time will mean ‘wert’
adhesive being trapped in the joint, resultng in a poor
bond and “springing’ of the component; toa long an open
time will mean that the twa layers of dried adhesive will
not fuse when brought rogether.

I

4. Bring the parts of the joint together and apply an even
pressure over the whole area of the joint. It is important

when sticking down large, thin sheet materials to place
the sheet down starting from onc side and working
steadily across the length of the sheet, making sure no air
bubbles are trapped in the joint.

Wet-stick adhesive
way wet adhesive. 15

This adhesive. sometimes referred to as a one- ek -
| ’ amm both of them, ar¢

used when either the base or the component or

porous, thus allowing the solvent in th

material. These adhesives have varying degwesnf‘g;:;&mdﬂmh ;Egan

P

- . II
'z 2N

closing. They also have varying degrees of ‘thi Gflﬁﬁ adherends e ||

tion of this quality depending on the Iﬂhnﬁﬁﬁs - i

¢ adhesive to soak int© the




and whether the sdhesive needs to fill gaps at the mnterface of the

two materials (if the adhesive needs to be gap-Hiling).

A 'ft‘”‘h‘d

1 Ensure the surfaces 1o he bonded are clean, free from
dust. oil, grease or loose _m&t.r:rial. |

Apply sdhesive to one surface to be joined n an cven layer
and to the thickness recommended by the manufacturer.
(This will often be done b‘f.' means of a metal or l’l'“t“—
comb or notched trowel with notches of a specified size,)

| {¥)

1. On highly porous surfaces it may be necessary to apply
ewo coats of adhesive, the first being used to prime the
surface.

4. Once more the manufacturer’s instructions concerning
open time should be followed. Emulsion adhesives on
non-porous bases should be allowed to become tacky be-
fore closing; while epoxide and polyester-based adhesives
should be closed immediately.

5. Apply an even pressure over the whole arca of the joint
after closing until the adhesive has hardened. This may
involve the use of a roller. Depending on the degree of
orab of the adhesive, position of the jont, weight of the
component and the adhesive drying tume, the joint may
have to be clamped in position for some fime.

Note: Gum spirit adhesives (used mainly for sticking-
down linoleum) and some latex-based adhesives form surface
skins after application. These must be broken on closing the joint,
by sliding one surface against the other when placing the
adherends together. I this is not done a poor bond could result.

Gun-grade adhesive

Unlike the two previous types of adhesive, this is not applied as a
continuous coanng, bur in beads or blobs. It 15 used mainly to
stick board materials, such as plasterboard or chipboard, to sohd
backings and has moderate gap-filling qualities. It is often neo-
prene rubber-based and has good wet-grab characteristics. This
type of :l.dht.:.'iWL' i5 often used for fixing skirtings and architraves,
stalr nosings, or refixing loose wood block flooring.
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Method

. Ensure the surfaces to be bonde '
onde -
l fl 8 o I . 'dﬂmclmn‘[m&m
dust, oil, grease or loose material
Apply adhesive direct fro | : :
bliiﬁ to the back aof the ¢ . C"‘n_ﬂdﬁf ik
ybs 1e omponent and at sp
mended by the manufacturer for
In some cases the recommendat;
atio |
tinuous bead of adhesive ' ﬂ_ma_Y be B ¢ con
5 bes round the edges of the com,
ponent, with intermediate beads across the éﬂmponcnt-
The bond dL"-'C]DPS morc quickly in L’hiﬁ' Casg h
3. Slide the component into position, placing it abour
25mm away from its final position and pushing it home
This movement breaks the surface skin of the ndhcsivé‘
The manufacturer’s guidance on open time should b:;:
observed. .

4. Press into place with an even, overall pressure.

| L)

i seﬁe.s of
aCing recom-
thc WPE of Cﬂlmpgn ent.

Note: Provided the component is not warped, bond will
be sufficient to hold most components in place and work can pro-
ceed to the next component. If the component, however, 1s
warped and there is a danger of it springing from the base, it will
be necessary to pin it into position in the warped area, or the
following procedure would be followed.

Apply the adhesive as above. Offer the component up to its
final position so that the adhesive blobs or beads wet the base. Pull
away and allow the solvent to evaporate for about 20 minutes.
Then replace the component, at which ume the grab should be
sufficient to retain the component.

Foam pads

These are adlu-..*.-‘.ixr'c-—imprcgnatcd foam pads used to ;Emﬂd!!-- an
alternative to blob-applied gun-grade adhesive.

Method :
1. Ensure the surfaces to be :bﬂﬂ_dﬁd: :‘n'.l-'f. clem. free from -

dust, oil, grease or loose material. !
Bond picces of foam, at the intervais TR or b
the manufacturer depending on ﬂic\'ﬂw ﬁfm

ponent to be fixed, to the base, using contact

|
L]

I — i ———



3. Apply a coat of contact adhesive to the ourer tace of the
foam pads. | ,
3. Place the component o be bonded briefly in position

against the pads in order to transter some of the adhesive

to the component.

Apply further adhesive, if necessary, to the wetted areas

on the component and also on the pads.

6. When tacky dry (or at a ame recommended by the manu-
facturer), r.::pl.lc:: the board and apply pressure.

Nore: This method can be used, when the surtace of the
base is uneven. by doubling-up the thickness ot the pads in low-
lyving arcas. A double=sided self-adhesive tape 1s also available as
an aitcrmm‘:: to the method given above. In this case merely peel
off the protective paper from the adhesive surface beftore placing.
The method is casy to use, but should only be applied to smooth
surfaces and when the component to be fixed 1s reasonably hght.

Adhesives used in structural repairs

Some adhesives can be added to sand/cement mixes to give 2 mor-
tar of enhanced adhesion and one which can be used to eftect thin
repairs to clements like concrete structures and floor surfaces
without the later danger of the repair cracking or curhng. Poly-
vinyl acerate (PVA), epoxy resin, styrene butadiene (SBR) latex
and styrene acrylic emulsion adhesives can be used in this context,
but the tormer must not be used externally or in damp conditions.

There are many pre-mixed proprietary concrete repair formu-
lations on the market. In all cases the manufacturer’s instructions
will need to be followed carefully and the surface to be treated
should be clean and free from all loose material. Also, if reinforce-
ment has been exposed, all rust will need to be cleaned off and the
stee] treated wath a suitable rust inhibitor prior to the repair being
carried out.

Adhesives as bonding agents

Adhesives are often used to form a bond between thin sand/-
cement screeds, cement renderings and gypsum plaster coatings
and smooth, dense backing surfaces. This is particularly necessary
when a sereed 15 laid on 2 concrete subfloor which is no longer
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" adhesives arce often used as bondi

‘green’ to avoid the sereed cracking and hfting, py

ks 5 VA emulsio
NE aids. applied 15 fal!ow:hm
Merhed

1. Ensure the surface to be treated 1s ¢le :
loose matenial and Contamination L

Prime the surface with a little

adhesive diluted with water. Allzwt::: dp;lﬁ?ln;?i acetate

3. Apply a concentrated solution of polvei |
adhesive to the surface using a brush OF:’:; W}d e

4. Trowel-on the rendering; sereed or plﬁsterpiy}h y o
most popular brands of palyvinyl -atttzn; ﬁdh' s qf
tjtlisfi should be applied onto the wet and tack?rf‘:" the
few manutacturers, however. specifv that thmrp:‘::i;i

must be allowed to dry before applving the rendes:
screed or plaster. I CHEE.

bJ

Note: In more extreme cases where 2 bond i considered
difficult to achieve a key can be provided by mixing a-sluﬁ-.-,- of
polyvinyl acetate bonding aid and ordimf}r Portland cement
Thas 1s first brushed onto the base. before the ﬁmsh 15 tht:lkd-
on, either before or after the slurry has fully set. dcpmding'hﬁt'hé
recommendations of the manufacturer. Polyvinyl acetate should .
not be used in wet locations. Here epoxy, styrene butadiene latex
or styrene acrylic alternatives should be used.

Hot-melt adhesives

There 1s a growing use of hor-melt adhesives (ones which are
applied hot and sct on cooling) on site. This 1s the result of the
mtroduction of a number of light, highly mobile electric-powered
pistol applicators, like the BIF Hipermatic range (Fig. 7.1).
This technique was originally developed for factory use, but
now is becoming more familiar on site, provided electnic power 5
available. Pistols have various interchangeable awﬁﬁiﬁlm
and BIF, as an example, supplies a range of cight ditt hBFF
melt adhesives for use with different adherends, such il M
Plastics, glass and metal. The adhesive 15 EUPPhed_mam o
tridge, 44,5 mm diameter by 50 mm in length. This 1S WSERes
nto the applicator and, after an ininal warm-up Pﬂﬁdlﬂsma _‘
minutes, is extruded on the pressing of the app r's

- 1
S 11




General advice

In all cases where adhesives are to he

| used on sige
rules which should be observed-

there are a few

. Ensure that the adhesive you use is recommended for th
= : . - - r a
particular application by the manufacturer. [s it Cﬂmﬁatt

ible with the matenals to be adhered to cach other? Will
allow the necessary amount of ad ' i

ol A Justment to be made to

the joint after it 1s ? it the ne A1l
jomnt after it 1s closed? Has it the necessary gap-filling

propertics to suit the roughness of the adherends?

{’&1\1..-':13-5 prcFisely follow the adhesive manufacturer’s
instructions in the use and application of the praduct.
All surfaces to be bonded should always be clean and free
from dust, grease or loose. flaky matenal. If the surface
has been gloss-painted, make sure the adhesive is com-
patible with the paint, ensure that the paint is net loose or
tlaking and then roughen its surface with sandpaper and
wipe off the dust.

Make sure all surfaces are dry and protect the joint from
moisture after closing until the adhesive has cured.
Use the correct tools to apply the adhesive (notched
trowel with the nght-sized notches) and make sure tools
are cleaned after use. employing materials recommended
by the adhesive manufacturer. Do not use solvents to
clean adhesive from your skin. -

Always observe the correct open time of a joint.

Do not attempt to make a glued joint when the tempera-
ture 1s outside the temperature range recommended by
the adhesive manufacturer. 1
Do not store an adhesive bﬁ}fﬂﬂd'ifs' mce'mmcndﬁd__fh?!_f
life and always keep it within the storage temPpEratures
recommended by the manufacturer.

Specific applications of adhesives

A number of specific applications of adhesives 011:5::;! ?:ff;fﬂﬁ:
Table 7.1 together with the type of adhesive recomIMEREEEEEEE
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Fig. 7.1 Pneumatic BIF-Bond T 718 hot-melt applicator
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Additional explanatory detatl can be found in the background sce-
L . . . e a

tion of this chapter.

Safety

All adhesive manufacturers now supply information on rh_c safe
handling of their products as required by the Health and 5._1h:tw_,- at
Work Act, 1974. Particularly petroleum-based and synthetic-resin
adhesives need careful handling and STOrage, not ﬂ”.ly on account
of their Mlammability, but also because of the toxic fumes they
give off. Adequate ventilation should always be ensured n areas
where these adhesives are being used.

For further information see Site Safety by J. C. Laney in this

Site Pracrice serics.

Background
Principles of adhesion

If it were possible to produce two perfectly flat surfaces and bring
them into contact, face-to-face, spontaneous adhesion would
occur due to molecular forces of attraction at their interface. The
nearest example of this phenomenon in everyday experience 15 the
resistance that can be felt when two sheets of glass in face-to-face
contact are scparated.

Bur even the surface of glass does not have the degree of perfec-
ton required to produce spontancous adhesion. The smoothest

surface 15 rough by comparison with the molecular scale of

smoothness required. As a result, a third component has to be
ntroduced to overcome the surface irregularities of the parts to be
Joined together (the adherends) and form a rigid connection by
solidifying or setting. This third component is a paste or liquid
adhesive.

The degree of ‘thickness' (or viscosity) of the adhesive will
affect its gap-filling properties — its ability to fill the more major
irregularitics in the surface of the adherends. The adhesive must be
compatible with both adherends: i.e. it must have molecular
attraction for the materials of which they are made. For example,
urea formaldehyde synthetic resin adhesive is not compatible with
a rubber or polystyrene adherend. Urea formaldchyde is, how-
ever, compatible with wood and wood-based products, Table 7.2
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shows the two major compatibility grou
adherends.

Adhesives need to solidify in order to produce a
setting process takes place as a result of one |

Table 7.2 Materal compatabiliry Broupings

Coroup A __
Palar group GW“F B
Nﬂr:-palnrg;-;mf,

Cellulose (wood, COLLON, paper ¢

Urea formaldechyde (UF) s Eu]bbcr
Phenol tormaldehyde (PF) POIYS:I‘_',‘rrnt
Water T“f'{“h':‘k'_ﬂl.'
Alcohol B
Metal oxides h,;?iirn“s

All matertals in cach group are compatible with other
same group and incompatible with all members of the

members of the
Gpposite group,

pings of adhesives and

firm joint. This
or a mixture) of the

following processes.

L5

Through loss of solvent (water or organic solvent) due to
ecvaporation. Non-aqueous solvent-based adhesives are
often flammable. The setting of solvent-based adhesives
can be reversed by reintroducing the solvent. This makes
water-based adhesives, like animal and cellulose glues,
vulnerable in damp conditions. Today there is a2 moye-
ment away from organic solvent-based adhesives towards
water-based adhesives because of their greater ease of use
and greater safety. Although organic solvent-based
adhesives produce strong joints, they do release flam-
mable and toxic vapours.

By the coalescing of binders i emulsion and latex
adhesives as the water i1s absorbed in the adherends and
evaporates.

By the cooling of an adhesive applied in a hot state. Thes‘:
hot-melt thermoplastic glues are -us-__uall_y -supphﬁ'fi AR
solid state and heated to 160-200°C for apphcation.
They should not be confused with thermoscting
adhesives which require heat to cure. .

By a chemical cross-linking process. SYﬂthem ‘ﬂsm
adhesives, like resorcinol formaldehyde, mﬁl“mm‘;fﬂf'
maldchyde and the epoxide range -[?E]'?".g‘ :o:hlsc e;m-
cally setting group. The process 1S ‘-mg-mﬁlhl_?m-'-"?

[ ®
JI-
l._



iIIItiJ[Cd b\ the 1’1;[7‘0!.'1111..‘“0!1 of a L‘hlﬁ'ﬁlil’.’il] (‘-’I!]{‘d i | hal‘d{:nm—
into the resin and/or the application of heat. Adhesives
which set as a result of the application of heat are ealjeq
thermosetting adhesives. They have little application oy,
site due to the hor presses required for their use, but they
are extensively used in the factory for the manufacture urt'
timber components, pl }-’WGL‘rd andother timber-boa rd Prud-
ucts.

[ attacked by

bacteria

What adhesive to use

For an adhesive to produce a permanent union between adherends
it should:

Be compatible with both adherends.

As nearly as possible match the strength of the adherends.
Resist the conditions which it is likely to meet in use
(dampness, heat, mould growth, chemical pollution,
etc.), (see Table 7.3).

Fill the imperfections in the surfaces of the adherends to
produce a consistent film; 1f necessary inert fillers such as
wood flour may be used to produce gap-filling character-
ISEICS.

Durability

Remove minor surface impurities from the surface of the
adherends.

In setting should not produce unacceptable stress due to
shrinkage.

Have 4 setting time consistent with the nature of the
work; 1.¢. sufficient pot life, sufficient open time of joint
to allow correct assembly of its parts, and sufficient speed

of sctting to harden before the joint 15 likely to be
disturbed ‘

1'1!'{:(39."}"

Thermoplastic

Natural
Natural
Natural
Natural
MNatural
Thermoset
Thermoser
Thermoset
Thermoset
Thermoset

C

Table

7-3 gives an indication of the resistance of various adhesives
to degrading by moisture and their vulnerability

teria. ITablc 7-4 lists many of the adhesive
ba;t:: ingredient categories and explains th
1seics and applications.

to attack by bac-
S used 1 builldmg n
eir general character-

WBP = weatherprool and boilpraof. BR = boil-resistant (good weather resistance) MR = moisture resistant INT = mnterior use only.

Table 7.3 Resistance classification of adhesives

Resorcinol formaldehyde

Melamine formaldehyde
Phenol formaldehyde

Urea formaldehyde

Bitumen
Epoxide

Cellulosc
PVA

Casein




Table 7.4 Chiet adhesives used in building-in ingredient classificition

——

Desenpiton
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Set 1s reversible wath moise
condioons. Lietle used in
building today

Designated INT — interior
olue. Sets part by
Erlporatiun; part by
chemical action.

Little resistance to moisture
and micro-organisms
Insoluble in water, but
degrades under wer alkaline
conditions. Careful priming
needed when used with
porous friable adherends
Softened by water. Used as
a flooring adhesive 1 dry
areas

Applied hot; thermoplasac.
No drying time needed

Solvent adhesive

Slow-setting

= e Cootistiruents
Growp Type . { .
Narural Anmmal Hides & bones IR 'S
Starch Maize, cassova or wheat
Plant=protein Sova bean
Cellulose
Casein Milk curd
Gum spirit Rosins 1n alcohol with fllers
Lignin paste Sulphite lve in water with f
fillers
Bitumen Bitumen
Birumen solution Bitumen blends in solvents
Bitumen/rubber Aqueous emulsion of bitumen
with natural or syntchetic
rubber latex
.E d - = -4 . - &
lg:emt_m Rubber solution Solution of natural or synthetic
rubber 5

rubber in organic solvents,

probably with resins and other
modifiers

One-way wet-stick if one or
both adherends is porous;
tWo-way dry-suck contact
adhesive with non-porous
adherends. No positional
adjustment possible after
placing unless thi XOtropic
grade used

U'ses e
Internal jaine B o = .
Wallps P-L‘: ery, furniture ’l;la'md
ortland

Internal Jomery %h;:‘r‘ Wood
Expanded polystyrene Pe _
wallpaper lezdmt,ld Cement,
Intermal joinery Wood wood
Floors: cork. lino. most orthand
PVCs, fele St e
Walls/cerlings: wood fibre. mastic liphak'
expanded polystyrene, '
?;rk. polyurethane (enbacked)

oers: Cork. hing, Poriland cenens
cork-backed PVC wood Gt
Walls/ceilings: hino, cork
Floors: Wood block Portland cement,
Bitumen roofing felt. Foam wood
glass
Floors: Flexable PVC. Portland cement,
vinvl asbestos, wood
thermoplastic tiles
Floors: flexable PVC, vinyl Portland cement,
asbestos, thermoplastic wood
nles, wood block, wood
MOsaic
Walls/cetlings: cork,
expanded polystyrene,
polyurethane {unbacked),
foamglass
Floors: cork, flexible Portland cement,
unbacked PVC, rubber wood, plaster ,
Walls/ceilings: wood fibre, .
ceramig, rubber, .
fele-backed PVC, o L
chipboard, hardboard,.
decorative laminates,

plasterboard. plywoed, |
cork, felts, PVCor
rubber-backed textiles, |



Table 7.4 Cont’

o ————

Caroup

d

e ————— —

Type

Filled-rubber
solution

SBR emulsion

Coonsiifuenis

Solution of synthetic or reclaing
rubber contammg fillers,
resins and modifiers

Aqueous dispersion of

blends of styrene butadiene rubbers
with synthetic resin modifiers
and/or bllers

Thermoplastics

Acrylic emulsion

I-’ui}'vnu'] acetate
(PVA)

Emulsion of acrylate cster
copolymers which may contain
meodificrs and/or fillers

Aqueous emulsion of PVA
with fillers

Suitable hages

'Mdf ﬁ'ﬂm;_

Mastie-like consistency,
;|pp]it:d with llutt:lu_ud tr‘uwul
or carteidge gun, Gap-filling
ability up to 6 mm

Good bond of moderate
strength. Resistance ro
damp and alkaline conditions

expanded polystyrene.
paper-faced polyurethane
PVC skirtunps & nmings.
Walls/ceilings: wood fibre
expanded polystyrene,
rubber, chipboard,
decorative laminates,
plasterboard, plywood.
plasticized PVC, wood
wool slabs, backed and
unbacked PVC, PVC or
timber skirtings

Flaors: cork, lino riles, most
PVCs, most textiles,
thermoplastic tiles

Walls: cork

Portland cement.

Portland cement,
wood, plaster;

limited suitabiliey
for mastic asphalt

Resistant to damp
condinens. Good bond
under warm conditions

One-part adhesive used
primarily as a wood glue,
but due to its elastic glue
line, not used for structural
joints. Slowly degraded by
moist conditions. Designated
INT-1interior glue.

Two-part modified adhesive
can be used for external
joinery; but not for
structural joints

Floors: felt-backed lino
tiles, most PVCs, most
textles

Walls/ceilings: ceramic, lino,
plasterboard, PVC
paper-backed polyurethane
Floors: needle loom
felt-backed PVC, felts
Walls/ceilings: wood fibre,
mincral fibre, expanded
plastertiles, ceramic,
expanded polystyrene,
plasterboard, heavy
wallpapers, paper-faced
polyurethane

Portland cement,
waood, limited
suitability for
mastic asphale

Portland cement,
wood, plaster

Thermoscts

Epoxides

(cpoxy adhesives)

Wide range of
chemically-settng
synthetic adhesives

Two or three-part adhesive
i which hiquid resin is
mixed with hardener
immediately before placing,
High bond strength, pood
water and alkali resistance.
Systems with fillers are used
as adhesive mortar with
r}t‘gligablc shrinkage but
little Aexibility

Portland cement,
wood, brick

Floors: ceramie, flexible
unbacked PVC
Walls/cedlings: ceramig,
metallie, chipboard,
hardboard, plywoad, rigid
PVC

External: brick slips,
concrete repair, steel o
concrete, stalr nosings




Table 7.4 Cont'd

e e

— —_— — —

I'ype Coonstituents

 ————

Descnplion Uses

(. roup sﬁi_m’}k —

e
Formaldehyde Hange of chemically=setting Two-part adhesives which Use generally restricted
synehetc resin adhesives can be of cold-sctting type: [‘mhlt;‘f-tu.nmbtrjr;i o
but which set more '-lUli'l".l’f ml}.‘iti}f r-'if.t,BrY Jpph:di F=
with heat
UTL'.J-I‘UI 'II]-I]\II_-h 'v,-d[_- [_}{_“‘ils_{ﬂ:lfl"'l :'91“. }l'.“l!.:“,jv{_' 'y
=) moisture resistant
moderately weather
resistant — only himited life
used externally.

Melamine/urea-
formaldehyde
(MF/UF)
Melamine-
formaldehyde (MF)
Phenol-formaldehyde
(PF)
Resorcinol-
formaldchyde (RF)
Unsaturared Chemucally-setting synthetic ITwo-ar _th“-":'pd“ with or “!”“5: tmber skirﬁngs Portland cemenie
polyester rasin adhesive without fillers, mixed External: brick ships, brick ’
immediately prior to COnCrete repair
application. Miscellaneons: steel to
High strength bonds, slight  conerete, STAIr nosings
setting shrinkage. Good
resistance Lo moisture and
weathering. Systems
incorporating fillers used as
adhesive mortars

Designared BR adhesive - Use generally restricted to
boil resistant — longer life ' l:mb!:r-nr—t.imhtl'jﬂinu =
externally, but not mostly factory applied

prolonged use

I_)::'ﬁig__,'n:i{-:;r.l WHP adhesive -
weather and boil proof -
prolonged cxternal use

Cement based  Polymer modified Synthetic resin modified Grades available for wecand  Floors: ceramic Portland cement.
Carneit ﬂfm cnt dry conditions Walls/ceilings: mineral fibre, brick
expanded plaster, ceramic, NOT suitable for
waod wool plaster and timber
substrates
Sand/cement plus Sand/cetneni ot tar For external use, even to Extemal: brick slips, Portland cement,
SHR modificd with SBR damp surfaces. Cheaper and  concrete repairs brick
SR | easier to use than filled
polyester and epoxide
eqivalents. Has some initial
grab




Appendix 1

List of proprietary fix‘ing_s in
base material classifications

This list of mech wnical ﬁ'{‘[ng devices and manufacturers cannot aim to be
: does, however, contain mention of the 14jor

comprehensive. It | ,
3 hom have assisted in the

manufacturers of proprietary HXIng, all of w

preparation of this book. It does not endeavour to list manufacturers of

standard non-proprictary items like nails or bolts.

Mass walling base
Plugs

Citmart: Syba anchor

Fischer- Nylon wallplugs; Wallplug Type S; Wallplug Type S-R; Wnllpllug
S 10 RL; Wallplug S 10 H-R: Facade fixing; Frame hixing; Twist
Lock Anchor Type GB

Hilti: HLD nylon anchor; FD nylon plug; HG anchor; HT frame anchor;
Celanail

Mungo: Various patterns of nylon anchors

Ra::'i’;.u'ug: Fibre plugs; Plastic plugs; Rawplastic compound; Rawlnut;
Nailins

Spit: Plastic plug; Nylon anchor; Nail-in expansion anchor

Stainlessfix: UPAT Nylon wall plug; UPAT Nail plug UN; UPAT
Nylon frame plug UR-S; UPAT Turbo low density anchor

Thorsman: Hiden anchor; Loden anchor; Nail plug TCP; Plug TP

Thunder Screw Anchors: Thuscan wallplug

Tucker: Molly anchor plugs; Molly brick fixing; Molly aerated concrete
fixing; Molly collar plug; Molly frame fixing

Expanding anchors

Feb: Febolt

Fischer: Fischerbolts Type FA; Hammerset anchor Type EA; Heavy-duty
nylon anchor; Heavy-duty steel anchor Type SL; Steel anchors
Type MR; Suspension anchor Type L

182

Ty and Edgar: Ferrous and non-ferrous expanding anchaors:
' L]

Hemax ang
Hemax 2000

restraint fixing; Hemax 820 parallel expansion bolt:
restraint fixing for thin claddings .

Tl HA 8 R suspension anchor, HKD : . .

it heavy duty anchor nchor; HSA anchor, HSL

Liebig: Ultra Plus expanding anchor; Safery bolt

Mungo: Various heavy duty anchors

Rawlplug: Rawlbolt loose bolt; Rawlbole projecting holt; Rawlbolt hook
bolt; Rawlbolt eye bolt; Rawlok: Self=drill anchar; Dupju:z,d
anchor

Spit: I._IL.HV}r—E{th’f_ double expansion anchor:; SElf'l‘--Kpanding stud anchar:
Roc self-drilling anchor; Spit-fix anchor: Spit-grip Dmp '
anchor; SD1 Drop-in anchor; Frame anchor

Stainlessfix: UPAT Express anchor, UPAT expanding socket: UPAT pS
anchor; UPAT wedge anchor

Thorsman: Torgrip

Tucker: Parabolt; Parabolt sleeve anchor

-1n

Insulation tasteners

Hilti: IN insulation nail; ID insulation nail
Stainlessfix: IPD insulation fastener; IPS insulation fastener

Cavity wall repair anchors

Harris and Edgar: Hemax 63

Chemical anchors

Cenentation: Keyston chemical fixing

Fischer: Resin bonded anchor

Harris and Edgar: Resin anchor

Hilti: Resin anchor

Mungo: Chemical anchor

Rawlplug: Kenfix masonry anchor

Stainlessfix: UPAT chemical anchor; UPAT resin bonded Rockbolt
Tucker: Parabolt capsule anchor

Injection anchors

Fischer: Fischer injection system

Screw=-in anchors

British Industrial Fasteners: Confas
Buildex: Tapcon
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House, Yarrow Mill, Chorley, Lancs

and €0 (LK) Litd, Thor

Thorsmat 6 oLP - state, Southwater |
Schedule of manufacturers’ names and addresses ko Anchors Litd, Unit 11, indlls}trlﬂl Estate, @ '
v Screw e HC
_ an . under STt ussex RH13 7 ‘ a ¥
Lpon Manufacuring (Warwick) Ltd, P.Q. Box 42, Montague Road, ! Horsham. e uction Industry Division, 177 Walsall Road, '

S A | , Constr
\t‘;ﬂr\vlck L\.rj‘.'.l_ SLS . .ﬂ:kfr Fﬂjrl’l‘" Fs Lfd, B f Ilsl}
BAT Building and Engineering Prodicts, Haybrook, Halesfield Industrial A Birmingham D4

Estate, Teltord, Shropshire TF7 4LD | | I
Bevplate Ltd, Rectory Farm Road, Sompting, Lancing, W. Sussex BN s

oDP _‘
Britich Industrial Fastenings Lrd, BIF House, Gatehouse Road, Aylesbury,

Bucks HP19 :DS 1
The British Serew Co Lid, 153 Kirkstall Ropad, Leeds LS4 2AT
Buildex. 1TW Lud, Darville House, 4 Oxtord Road East, Windsor, Berks

SLy sDR ,
Catnic Components Lrd, Pontygwindy Estate, Caerphilly, Mid Glamorgan

CF§ 2WI

Cementation Chemicals Ltd, Denham Way, Maple Cross, Rickmansworth,
Herts WD3 28W

Cirmarz, Ashford Airport, Hythe, Kent CT21 4L'T

Geo. Clark (Sheffield) Lid, Greasebrough Street, Rotherham, S, Yorks
S6e 1RG

FEB (Grear Britain) Ltd, Albany House, Swinton Hall Road, Swinton,
Manchester M271DT

Artur Fischer Lid, Fischer House, 25 Newtown Road, Marlow. Bucks SL7
1]Y

Gangnail Lid, The Trading Estate, Farnham, Surrey GUg gPQ

GKN Screws and Fasteners Lid, P.O. Box 60, Heath Street, Smethick,
Warley, W. Midlands B66 2SA

Halfen Lid, Griffin Lane, Aylesbury, Bucks HP1g 1AS

Harris and Edgar Ltd, Progree Works, 222 Purley Way, Croydon CRg 4|H

Hilti (Gt Britain) Ltd, Hilti House, Chester Road, Manchester M16 0GW

Hydro-Air Intemational (UK) Ltd, Midland House, New Road.
Halesowen, W. Midlands B63 ;HY

ISC Fasteners, Datim Screw Co, Ltd, 180 Brooker Road, Waltham Abbey,
Essex ENg 1]]

Liebig Bolis Lid, Silica Road. Amington Industrial Estate. Tamworth B77
4DT

Linread-Fabco Lid, Swindon Road. Kingsditch Industrial Estate.
Cheltenham. Glos GLs1 LT

Mungo Fasteners (UK) Ltd, Kirk-Sandall Industrial Estate, Doncaster,
S. Yorks DN, QR

The Rﬂ“'f}’f_"g Co Ltd, Rawlplug House, 147 London Road,

- ng-"m"‘upﬂﬂ'ﬂl-‘imﬁ. Surrey KTz 6NR

Spit Fixing Ltd, Unit D2, Old Brighton Road, Lowficld Heath. Crawley,
*W. Sussex RH11 oQN

Stainlessfix Led, Unit 2A, Hawley Irading Estate, Hawley Lane,
Famborough, Hants GUi4 8EH
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. 1IN . -
chemical ;":‘:ﬁ’ng device which depends on the setting of an adhesive to
Jchieve 1ts holding power (cf. mechanical fixing p. 190).

Appendlx 2 clearance hole _drilled hole which is of greater diameter than a mechanical

re 1 R NIEE
?t?ng which passes throughit; often formed in the subsidiary
- l: . ’ -

G lossary cumponcnt.

nent . - - | .
compo The smaller part ol ajoint — the ﬁubsldjary component (ct. base

p. 188).

ression : i
comp A force which tends to compress a material or fixing: for

nstance, a force parallel to the shank of a nail which presses it
adherend

! . o ' » base.
One part of a glued joint. A component which 1s connected to into the
ane or more components with an adhesive. contact adhesive

An adhesive with high grab which is applied to both adherends
1nd allowed to dry before the joint 1s closed. After closing, no
adjustment of the parts of the joint 1s possible.

anchor
A device used to make an anchorage fixing.

anchorage fixing

A fixing device which makes a iixing to the base material by contact corrosion :
::mbt:dding in the matenal and not passing through it. (Galvanic corrosion.
austempered steel drilled-for fixing _ | = |
A specially hardened steel involving treatment with heat and A fixing which requires the prior drilling of a hole before it can
quenching. be set.
base electrolytic attack
The major element of several parts, between which a fixing is Galvanic corrosion.
made. embedment
base-deforming fixing In an anchorage fixing, the depth the fixing is set into the base
A fixing which is driven or otherwise forced into the base material to achieve the required pull-out strength.

material and achieves its holding power by friction with the

: _ fired fixing
base, or by cutting matching threads in it.

A tixing which is driven into the base material by the explosion

of a cartridge or the release of compressed air within the fixing

tool (see powder-actuated and pneumatic fasteners pp. 46 and 50).
first movement load

The point at which a fixing under load is first observed to move
0.2 mm.

fixing accessories

bi-metallic corrosion
Galvanic corrosion

blind fixang
A device which is capable of making a connection between two
or more elements of a joint withour needing access to the further
side af the joint.

camout : | Pieces of meralwork which fi an |1 i ‘
I'heaction of a screwdriver, not completely perpendicular to a device b ik S - IRl fER GE AL

- butrequire connecting to the base by an anchorage
device; e.g. an angle corbel (the accessory) connected by an

xpanding anchor to the mass walling base.
Balvanic COrrosion

serew, [lying out of the driving profile during serewing.

cavity fixing =
A device to make a fixing to a cellular base, utilizing the cavity
mside the base and not requiring access to that cavity to set the e |
device. Orrosion resulting from one

_ metal having electrical contact
with another metal.

8%
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galvanizing e _
The coating of a ferrous element with zinc tor corrosion

pratection by dipping the element in molten zinc.

gap-filling adhesive _ | S
An adhesive specially formulated with a proportion of inert
fillers to oin together adherends with slightly rough surfaces,

grab . _ . _
The inidal holding power of an adhesive when the joint is first

closed.

gun-grouting " |
The process of injecring grout (often resin-based grout) into a
mortice to bed and ser a cast-in fixmng.

holding power -
The resistance of a fixing to pull-out failure.

imposed load
All loads placed on a structure, other than those imposed by the
weight of the parts of the structure; e.g. the wind pressure ona
wall panel, but not the weight of the panel itself.
lead hole
A hole of less diameter than the diameter of a screw (wood or
self-tapping) into which it is driven (cf. clearance hole p. 189).
loadbearing fixing
A fixing which carries the weight of the component, as well as
maintains its correct location.
mechanical fixing
A fixing that does not depend on the setting of an adhesive and
is usually in the form of a metal (or occasionally plastic) device.
open time
The length of time after the spreading of an adhesive before the
joint i1s closed; usually stated by manufacturers as maximum and
minimum periods between which the glue will have effective
adhesion.
plug
A screwable or nailable insert in mass walling.
PoppIng
The phenomenon of nails working out under conditions of use,
particularly when intermittent loading causes timber structure to

deflect.
pull-out failure

Failure caused by an anchorage fixing, under load, pulling out of
the base,

pull-out strength
The resistance of a fixing to pull-out failure.

190

e uru . . i. =k .
P““'thrmlgli & qused by the subsidiary component, under load, being
‘mlure L i :
::ar ed over the head of the fiang device.
ore
celieved ﬁi‘;sk ‘he diameter of the <hank of a bolt or screw is less than
ere
the crest of the thread.
restraint T?ging which maintains a component in its correct location,
X s
but is not required to carry its weight,
safety fafg?]:c mount by which the ultimate load of a fixing is reduced to
<tablish a safe working load (cf. ultimate load, p. 192 first
L‘ i . -
movement load p. 189).
_yweight : : : -
i LLETht: weight of the component without including any imposed
load.
shank _ *
The cylindrical part of a bolt or screw.
shear _ . -
A force acting at right angles to the axis of the hixing.
shelf lite _ | | |
The period during which an adhesive can be stored in its sealed
container without danger of deterioration.
sherardizing
The diffusion of hot zinc dust on to a ferrous element to give it
added corrosion resistance.
spalling

The fracture of mass walling, resulting in flaking and breaking
away, around the point of entry of the fixing device.
subsidiary component

The minor part of an assembly, connected to the base by
mechanical or chemical fixing.

substrate
In adhesive terminology, the major part of a connection — the
base.
S.W.g.
S e . - .
uiar;dartili w:rtbgaugt- A method of measuring wire diameter,
€d to describe nail thickness: ‘ ' '
g - s; now rapidly being supersede
metric dimensions. PICY g superseded by
tension
A force 4 1€ -
pplied to a fi ok .
T xing parallel to its axis and acting to pull

Ng away from the base.
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thermoplastic adhesive

An adhesive which softens with heat.

thermoset adhesive
An adhesive w

by heat.

hich sets due to a chemical reaction brought about

thixotropic -
A thixotrapic material 1s one whose normal consistency is thar
of a thick paste, which thins on STrTing.

thread
or on the shank ol a screw ar bolt.

A spiral groove formed 10
The root of the thread is at the base of the groove; the cresr at

the external angle or apex berween adjacent grooves.

through-fixing
A fixing that is made by a mechanical device, such as a bolt,

passing right through the joint, both subsidiary component and
base.

ulnmare load
The load at which a fixing fails.

unrelieved shank
The shank of a screw or bolt in which the diameter of the shank

is the same as the diameter of the crest of the thread.

waisted bolt
A bolt having its shank diameter reduced below the root

diameter of the thread.

wet-stick adhesive
An adhesive which is closed while the adhesive 15 wet, as
apposed to a contact adhesive which is closed after the adhesive

has dried to a degree.

working load
The ultimate load of a fixing divided by a safety factor.

zinc plating
The electroplating of a ferrous metal device with zinc for

corrosion protection.

192
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Index
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sdherend 162
adhesion 7
adhesive 7
aggregate size 05
anchorage fixing 6
anchorage strap 54
angle corbel 61

base 3

hase-deforming fxing 6, 44, 70, 112
bi-metallic corrosion . 112

black bolt 115

blind fixing 122, 137, 140

blind nivet 139

bolt 6, 92, 113, 141

bonding agent 166

built-in fixing 7, 53

butterfly toggle 155

cantilever bracket 102
carriage bolt 93

cast-in channel 7, 59
cast-in hxing 7, 57

cavity fixing 140

cavity wall repair anchor 18, 33
ceiling suspension anchor 18, 12
chemical anchor 4, 7. 36
chemical fixing 4
chipboard screw 87
clutch-headed serew 8§
coach bolt 93

coach screw 88
cOMPression §

concrete strength 64. 67
contact adhesive 162
contact corrosion 9. 78, 85
corhel 7, 6O

corrugated fastener 91
countersunk head 85
cramp 57

dog 91

dowel 57

dowel screw 36

double-spiral thread 81, 84

drll 13

drilled-for fixing 6, 13, 123, 134, 146
drilling 13 '
driving profile 81, 84, 120

electric hammer dnll 16

electric rotary dnll 13

electric rotary 1mpact dnll 13
electric screwdnver 79, 124, 127, 129
electrolytic attack 9

expanding anchor 7, 18, 23, 61
expanding sleeve cavity fixing 147

fired fixing 7

first movement load 13
fixing accesones 61, (00
foam pads 105

frame anchor 27
framing anchor 10T
feicion grip bolt 1 16

galvanic corrosion g, 18, 113, 145
galvanizing 9
gun—-gtadc adhesive 104

hammer drill 13, 16
hammer-in anchor 51
hammer-set plug 21

hand rotary drill 13
headless screw 86

head style 81, 114, 130 124
hot-dip galvanizing 9
hot-melt adhesive 167

HSFG bolt 116

impact adaptor 17
impmmdmil.?a,. 107




mjection anchor 4, 39
i situ fixing 52

insulation fastener 18, 33

jaist hanger 7, §3, 01, 100

LIB bolt 118
loadbeanng fixing 4
load-mdicating bolt 118
locking nut 119, 122

machine screw 112, 120
masonry natl 45
mechantcal fixing 4
metnc bole 113

maoisture movement 8, 93

nail 7, 70. 106
nailing machine 71
nail plate 7, 8, 88

oxidation g, 78, 108, 112

Phillips head 4, 84

pH value of concrete 65

plug 7, 18, 19, 58, 150

plugging compound 18, 20, 23
pneumatic-actuated hxing 50, 134, 143
preumatic hammer drll 16
pneumatic screwdrniver 79

preumatic tool 44, 50
powder-actuated fastener 46, 129, 143
powder-actuated tool 44, 47, 132
preaision bolv 115

pull-out failure 4

pull-through failure 4

raised countersunk head 8¢
reheved shank §i

restraint fixing 4

nvet 6, 135, 139, 142, 153
rivet bush 135

rivet cavity fixing 135

safety factor 12
SCIewW 7. 79, 106
screw-in anchor 41
d¢la selt=drilling screw 127
self-drilling expanding anchor 18, 30
self-drlling screw 126

self-locking tapped hole 137
self-tapping insert 140

self=tapping screw 124
SEL SCrew 122

shear §, 142

shear tailure §

shear load 5. 13

shear plate g8

sheeting fastener 134
sherardizing 9

skew nailing ro8
sliding brick anchor 62
socket 7, §8, 61 ]
spall stop 49, 65

split ring connector 6, 7, 9 |
sphit-sleeve cavity fixing 149

staple 71, 106

strap 102

strength of timber 104

structural movement 8

subsidiary component 3

substrate 162

Supadniv 84 |
synthenic resin adhesive 161

e

Taptite 124

Teks selt-dnlling screw 127
tensile loading 4, 13 |
tension 4

thermal movement 8, 93
thermoset 161

thread 81

thread-forming screw 41
through fixing 6, 92, 112
timber connector 6, 94, 105
timber preservative 8, 108 ‘
toggle fixing 6, 154

toothed connector 6, 94 :
truss chp 102

Twinfast screw 84 i

ultimate load 12 |
umbrella cavity fixing 158
unrelieved shank 81
U-type drive fastener 125

waisted high strength bolt 119
wall tie 7, 55

wet-stick adhesive 163
woodscrew 79, 106

working load 12

zinc plating ¢
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