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ABSTRACT

[ ]
The Agency for International Developmentspon-
sored with the National Bureau of Standards, a three
and a half year research project to develop improved
design criteria for low-rise buildings to better resist.
the effects of extreme winds. This report contains in-
formation gathered from this project.

Project results are presented in f‘ive volumes. Volume
1 gives a background of the research activities, act
complishments, results and recommendations.
Volume 2 presents a methodology to estimate demgn
wind speeds and a guide to détermine wind forces.
Volume 4 furnishes a methodology to estimate and
forecast hausing needs at a regional level. Socio-
economic and architectural considerations for the
Philippines, Jamaica, and Bangladesh are presented in
Volume 5. '

This report investigates the use of connectors for
masonry and timber elements in low-rise buildings.
Connector characteristics and construction details
that improve a building’s response to extreme wind
effects are given primary emphasis. Recommenda-
tions include improvements through better utilization
of connector technology showing good feasibility of
introduction in developing countries. The building
systems considered in this study fall within the low to
moderate cost category.

Key words: Codes and standards; connectors; fasteners; low-
rise buildings; masonry walls; structural design; technology
transfer; timber roofs; timber walls; wind effects.

it

Cover: A new housing project, formerly a squatter

settlement, in Kingston, Jamaica.
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- These buildings are typically one or two story

detached units which are supported by a continuous
wall footing made of cast concrete or concrete block
masonry or, in flood-prone areas, by wooden poles
embedded in the ground. The roof is commonly
characterized by a pitched timber frame often project-

..ingupto 1.3m(5 ft}beyond the exterior walls, and

topped by corrugated metal cover.’

The types of building:. systems of interest to thisstudy
are identitied by reference to figures 1 through 5,
which also serve as key visual reference for Jocating

specific connector details discussed in the subsequent
sections of this report.

1.2 ROOF SYSTEMS

Figure 1 exhibits the two most commionly used
framing systems for the roof: {a) the truss type and (b)
the joist-rafter assembly. The truss type construction
employs a series of equally spaced trusses spanning
between opposite éxterior walls. The corrugated
metat roof cover is attached to a series of tongitudinal

* purlins connecting the trusses together, The joist-

rafter type consists of a system of inclined rafters
framing into a ridge beam at the top and attached to
ceiling joists spanning between opposite exterior
walls at the hottom. Collar beams attached to the
rafters provide stiffness to the roof in the vertical
plane. The close spacing of the rafters permits direct
attachment of roof cover to the raftersthereby
eliminating the need to use purlins;

The choice of a particular roof system depends on
many factors. A joist-rafter assembly allows better
utilization of attic space while the truss system per-
mits prior assembly of the individual trusses at the
shop where quality control is generally better than in
the field. Structurally, both systems can be designed to
have the desired diaphragm capability to transmit
lateral wind forces to the appropriate shear walls
(having the same orientation as the wind as in figure
2, Reference [2]). For instance, diaphragm rigidity can
be improved by introducing horizontal cross-bracing
in the plane of the joists and vertical cross-bracing in
the longitudinal ridge plane (perpendicular to the
joists) of both systems shown in figure 1. A practical
but somewhat more expensive alternative to the

_ horizontal bracing would be to provide wood flooring

fastened to the joists in a manner that will insure in-
tegral action in the horlz.onta! plane. .

‘The meortance ofd1aphragm action for roof syslems

in extreme wind regions should be'emphasized in the

light of the ry'pes of roof and wall failuges observed
that were attributed’ 'to a lack of transverse rigidity of
the roofing system, as noted in section 2. The use of
timber fasteners for connecting roofing elementsis -
_discussed in! 'SECthI'l 3.

i

i

[

1.3 POLE-TYPE CONSTRUCTION

Figure 2 shows the structural lﬂayout of a pole-type

- construction. The raised floor protects the-house

against insect infgstation and floods. This type of con-
struction provides generally a lower cost housing
than either masonry or wood frame wall system since
-it tends itself mare readily to auto-construction (self-
help). It also permits utilization of less expensive in-
digenous products such as noridimensioned timber
(logs) for the poles, and cane (i.e., bamboo) framing
with rattan or twisted cane connectors as shown in
figure 3. The figure also illustrates suggestions for ade-
quate joining of members. The poles should be treated
against insect infestation and water penetration prior
to being embedded into the ground. The length

of embedment required to resist wind-induced uplift
or overturning and to provide adequate bearing is
determined by local soil conditions. Figure 2 shows
footing schemes for the poles and for the dimensioned
timber post used as an alternative, Note that

shatlower embedment will require more substantial -,
fouhn;.,q for thesame level of fesistance against wind-

‘induced uplift forces. The design should also account
for the additional uplift forces under the exposed,
floor.

Smce the poles are the main pitlars of support for the
superstructure, they should preferably extend to the
top and be provided with adequate connections at the
roof and at the floor level. Because of their unsups:

“ported length between the raised floor and the *

ground, these poles should be proportioned to pro-
vide adequate flexural resistapce to lateral forces in-

" duced by extremie 'winds. If this is not altogether feasi-
“ble'from a practical design standpoint, vertical cross-
bracing made of wood, bamboo or wire cable should
be introduced to tie the poles together below the floor
level. Cables and various tieaown straps used in the
Yhited States to protect mobile home installations
againist extreme winds should also be explored for use
in bL'liIc.'IitW on poles to provide additional stability
against uplift and overturning forces. Information on
available-tiedown and anchoring devices may be ac-
quired frgm the Manufactured Housing In_ﬁtitgl\.lte‘2
Design prbvisions for mobile home tiedowns are
prescribed in Chapter 6 (1974} and appendix D (1975}
of ANSI A119.114], and reference | 5] supplies

. guidelines for their design. Section 3 discusses
fasteners used in pole-type housing. Supplementary
- iinformation on-pole-type construction and the struc-

- tural use of bamboo may be acquired by consulting.
references {6 and 7).

. h.’

*Manufactured Hmiqn'q.,lnqtltute .0, Box 201, Chantitly,

* V1 FEinia 2”0” 1.

- LT e
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1.4 MASONRY BEARING WALL SYSTEM

Figure 4 displays the structural layout of a masonry
bearing wall building system. The single wythe walls
(defined in section 2.2} are built with hollow concrete

_masonry units which permit the passage of vertical

reinforcement without the need of addtional wythes.
Note that*alternate schemes are available for con-

structing lintels and peripheral (or collar) bond beams.

They are indicated inﬁié“samg_,ﬁgure for generality
and convenient referencing purpses...

It was noted earlier that the type of masonry dig= . 5

cussed in this report is generally representative of
masonry housing construction in developing coun-
tries [1). This makes it unnecessary to consider
diverse masorry systems such as multiple wythe con-
struction (to permit vertical reinforcing when solid
units are used} or masonry veneers and other non- .
loadbearing elements, However, section 2 does con-
sider one additional masonry system (generally re-
ferred to as an "nfill frame”) which consists of a con-
crete frame with masonry filler walls. .

1.5 TIMBER WALL SYSTEM

Figure 5 shows a partial view of a timber “stud” wall
system. The studs or “verticals” transmit gravity
toads and the vertical compofient of wind-induced
loads which may be reversible (bearing or uplift). In
addition, the studs provide flexural resistance against
direct horizontal wind pressure or suction. The
diagonals stiffen the walls in their own planes and in-
crease the capability of the system to resist lateral
loads. The specfic fastener details for the stud wall
system are discussed in section 3. &

GUSSET PLATES
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£

FIGURE1 COMMON ROOF SYSTEMS FOR I;.OW-RISE BUILDINGS.
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2. MASONRY CONNECTORS |
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tion of currenymasonry practlces in developmg coun-
tries experiencing high w1nds a study of current
masonry pra#tlces in the United States relating to
high winds ?nd earthquakes with adiscussionof
‘varjous types of masoriry ¢onnectors employéd in
such constu/uctmn and general and specific recom-
mendatlops for improving hngh wind response of
masonry buildings in developlng countries through
better utilization of exlstlng connector technology.

/ : -
4 ;!
2.2 TYPES OF MASON‘R!Y CONSTRUCTION

! il

Masdnry bearing walls used in low-rise bul!clmgs in

_\

throughout the. height of the wall. A cavity wallis
identified by a continuous vertical air space between
any two adjacent wythes and by metal ties laid as in
composite wall construction and connecting the two’
wall sections flanking:this space, Reinforced masonry
wallsbuilt with solid units are reinforced by placing
steel bars, vertically and/or longitudinally, as needed,
in the space between consecutive wythes and by
grouting this space. In hollow block-walls, such as
those studied in this report, vertical reinforcement
may be placed as needed, through the hollow cores

.. which are then grouted.

The following types of masonry walls are identified

developing countries arg commonly built with hollow

concrete masonry units. Figure 6 shows some of the

commen types of masonry units used in the United
“States [8). Although the standard unit shown has 2

by their intended function in a building, A load-bearing
wall supports the vertical loads above it, in addition to
‘itsown weight, with or without the aid of a vertical ®
load-carrying space frame. A nonload-bearing wall sup-

A
T

cores, 3-core units are also quite common in the
United States as in the Philippines and othe
ing countries. In running band constructio
joints staggered), it is somewhat easier to place
cal reinforcement through the 2-core units because t
cores are in vertical alignment. They are aiso more
modularithan the 3-core units (less number of shapes
and sizes are required in constriiction). For additional
information, detailed classifications of concrete
masonry are found in ASTM Designations C90, C129,.
C140, C145and C331(9].

Masonry units are laid in mortar which acts as their
- binding agent. Prevailing types of mortar in the
"'-,._ﬂ} United States are cement-lime-sand and masonry ce-
ent. -sand mortars. Different proportions of the con-
' e types will produce different strength
lard mortar designations, such as
_are used for the appropriate mortar

' ;- corclmg to the range of constitutent

pro portlons, by volume, specificed in ASTM Designa-
tion C270 [9]. Types M, S, and N are commonly used
for structural masonry applications. Types M or S are
specified for high flexural strength requirements.
Various other specifications for mortar and mortar in-
gredients are found in ASTM Designations C5, C91,
€109, C114, C144, C157, and C207(9].

Masonry walls are classified according to ty pe of con-
struction and intended use in abuilding. A single
wythe wall has one masonry unit in its thickness, A
multiple wyihe wall has several masonry units in its
thickness. In a composite wall construction, at least one
- of the wythes is built with masonry units dissimilar
from those in the neighboring wythes. Multiple
wythe walls without cavity are laid contiguously
with the spaces between the wythes, called collar
joints, filled with mortar or grout. To insure
monolithicaction of the assembly, additional bonding
is effected by fhe use of metal ties laid horizontally in
bed mortar _ge:ross the wythes at periodic intervals

ports no vertical load other than its own weight, A
shear wall resists planar forces induced by exterior
horizontal loads acting on a building. A curtain wallis
a non-toad bearing watll, built outside the building

“frame and not entirely supported at each floor. A

panel wallis a non-load bearing exterior wall sup-
ported at each floor. A partition is a non-load bearing
interior space divider which will function as a shear
wall unless isolated along three edges from the rest of
the structure. Veneer is the exterior masonry layer of a
two-layer wall system, connected to the interior layer,
and/or to the primary load-sup#rting structure by
horizontal ties. Veneer is generally designed to be
non-load bearing, A pierisa masonry wall segment
flanked by two adjacent openings or by an opening
and the vertical edge of a wall. A lintel is a wall seg-
ment above an opening.

A masonry filler wall or infill wall designates a wall
fully enclosed within a structural frame or bounded
by two columns and wholly supported at each floor
level. Filler walls may be load-bearing or non-load
bearing depending on the type of construction. In the
United States, filler walls are generally non load
bearing because they are usually laid after the frame
has been ereeted so that only mortar bond exists at the
interface. Figure 7 shows another type of filler wall
construction where the walls are laid first on top of a
wall footing, followed by casting of the concrete col-
umns and peripheral bond beam. This scheme permits _
extension of horizontal and vertical wall reinforce-
ment into the surrounding frame so that the assembly
will act integrally under superimposed loading. This
system is widely used in the Latin American countries
and has shown good performance under severe earth-
quakes in the past.

The latter type of infill wall construction and the
single wythe masonry bearing wall construction
shown in figure 4 are the two types of masonry
systems considered in this Volume,



2.3 ANALYSIS OF WIND DAMAGED
BUILDINGS e

- Figures 8 to 17 exhibit buildings damaged or desiroyed
by recent hurricanes and ty phoons. The buildings
shown in figures 8 to 10 belong to a group of one-story
structures in Northern Luzon, the Philippines,

which either sustained severe damage or collapsed as
a result of the November 1974 typhoon. These struc-
tures consisted of masonry walls and wood posts, a
pitched roof system of wood trusses, purlins and cor-

rugated iron cover, and a continuous foundation wall
of cast concrete.
Figure 10 exhibits a typical failure of the fasteners
connecting the purlins to the top chords of the trusses.
Most of the roofing was “peeled off” in this manner.
Portions of the corrugated iron roofing found on the
ground-contained the purlins with their metal wire .
attachments still in place (fig. 50). Instability of the
trusses, few of whiclh were still standing, was at-
tributed to the loss of purlins and the absence of other
lopgitudinal bracing between the trusses. The col]apse
of the masonry walls as shown in figure 8 was
likewise attributed to tiwe-loss 6F lateral support at the
roof level. However the extent and severity of wall
damage is also attributed to the absence of connections
between abutting walls and the ineffectiveness of the °
vertical anchdrage at the base. As indicated in figure
.9, the only anchorage consisted of steel plates bolted

- to the wood posts. Close inspection revealed severe

corrosion of these plates, especially at the ruptured

section through the bolt-holes {fig. 9). The masonry

walls in these buildings were nonload-bearing as they
- were stopped short of the roof to provide openings at

masonry wall from caving in (fig. 13} or in keeping
the inserts from falling down (fig. 12). In fact, there is
no evidence that any fasteners were used between the
wall panel {in the background of fig. 12) and the

. peripheral joist on top which was probably removed

together with ghe roof by the storm.

Figures 14 to 17 exhibit structures consisting of
different types of masonry wall systems that sus-
tained severe damage or were destroyed by the
December 1974 cyclone in Darwin, Australia. These
structures represénted engineered masonry construc-
tion with respett to the quality of workmanship and
adherence to Australian masonry codes and standards
{which are comparable to those in the United States).
The Darwin experience demonstrated that com-
pliance with current standards does not necessarily
produce a structure capable of resisting the estimated
65 m/s (150 mph) winds experienced during this
storm. However, it does indicate the need to reex-
amine the existing provisions with the objective of
developing improved design criteria, connection
details, and construction practices in order to mitigate
the extent of damage dssociated with extreme winds:

A damage study of the Darwin structures reveals
some features worthy of note. In figure 15, it appears
that failure occurred at the fourth bed joint from the
top, in the inner concrete masonry wythe of the dou-
ble-wythe cavity wall. Since the inner wythe is the
loadbearing component, its failure was probably
caused by an outward thrust of the roof under the ac-
tion of wind. The tilted position of the inner wythe
with its top leaning against the brick facing indicates
the absence of ties between the wythes near the roof
level. The masonry wall in fugure 14 consists of two .

the top (fig. 8). Thus the wood posts were the only
“. vartical load-bearing elements and with the loss of the-
roof many of the corner posts were tipped over {fig. 8.

Figures 11 to 13 show single family housing units of
concrete masonry bearing wall construction, located
in Central Luzon, the Philippines, that were damaged
or destroyed by the November, 1970 typhoon. Anin-
herent weakness of these systems is the absence of
peripheral support of the masonry.walls at the top
because of a local preference for large openings at

o -—these-locations Thispractice.reduces-the effectiveness =

of the roof to furiction as a diaphragm and makes it
more susceptible to failure by wind suction or uplift.
As indicated in figure 11, most of the roofs of these
units were removed by the storm. Inspection of
figures 12 and 13 indicates good quality workmanship
was used in constructing the masonry walls

which contained vertical reinforcement in grouted
cores, Note that the nails between the top window
frame insert and the wall below or the peripheral
wood joist above were not effective in preventing the

concrete block wythes with a cavity in between. The
condition of the reinforcement demonstrates the in-
effectiveness of the light-gage ties in assisting the in-
tegral functioning of the two wythes in out-of-plane

_ flexure.

Figure 16 shows an infill wall construchon with a
steel frame and concrete masonry fitler walls. There is
no visual evidence of any reinforcement havingbeen
used in the filler walls. Note the severity of vertical
crackihg through the wall on the right and albo the

- = sEEFF PO between th t?“f“steel column and the wall at
the left. It is not possible to establish by examination
of the flgure whether there were any connectors bet-
ween the'steel columns and the filler walls. Figure 17
shows the pO]"thI"l of a concrete masonry wall under
the sill of a large window opening that has failed.
Note that the top course was connected to the win-
dow frame with anchor straps embedded into the
grouted cores, It is likely that failure was caused by
the movement of the window frame, prying the top
course loose from the rest of the wall.
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2 4 MASONRY CONSTRUCTION'IN
A DEVE’LOEING COUNTRIES:
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The fDIImeg dlscussmnpertams to masonry bui Id-
ings representing the types of construction used in

developing countries. Local ‘practices, utilization of
I‘Nllilf‘lﬂg ?i‘f\AII

ara dic_
ounamn

BTe QIS

cuSsed and evaluated with the aid of exhibits of. bm]d- .
ings at various levels of completion. ‘

rnnlt anco ob-
ducts, standards complianee, stc,

Figures 18 and 19 show.two different stages of con-
struction of a single family house locited in Central
Luzon, the Philippines. The walls are built with 3-
core concrete black units (some of which may be seen
lyingon the ground in fig. 18). The units até laid-in
stacked bond to permit placement of reifforcement
through the vertically aligned cores. On the basisof -
figure 19 the quality of masonry construction is

deemed inferior by existing masonry standards. Some - -

of the deficiencies noted are: (1) use of d {ggn,y_e_un\ils,_
@) partlally filted and non-uniform mortar joints, (3).
insufficient horizontal reinforcement for stacked

ment above the openings. It should be pointed out,
however, that this system utilizes a penpheral con-

. grete bond beam cast directly above the Tintel course

(see; ﬁg 18). From the standpoint of overa\llstructural

which are patticularly susceptible to wind damage as

.they are subjectéd to a positive pressure from below
““and suction from above [2]. A potentially critical con-

dition also exists in the masonry columin supportinga
larger overhang at the corner of the [anding. Unless
substantial top and bottorm anchorage and vertical
reinforcement is supplied in the column, which is not
likely to be the case, given the limited available core
space in the single unit section, there is a high pro-
bability that the column will fail under the impact of
windborne missiles and for uplift forcé‘&gxertecl by

* the roof in a severe wmdstorm

Flgure 20 shaws completed smgle family houseg in
another project located in Central Luzon, the Phﬁhp- i
pines, Figures 21 and 22 display the infill wall con- -
struction of a typical unit which is judged to be
superior in the overall quality of construction as well’
as wind-resistant capacity to that shown in figure 18

- Structurally sound features:include: (1) the use of run-

ning bond (vs. stacked bond) masonry constructionjwith
vertical and horizontal reinforcement, (2) adequate -
connectibns between neighboring elements apd (3)

.the practice of casting the column concrete after com-’

pletion of the infill walls. With regard to itern (2}, note
for instance, in figure 21, that the vertical bars extend
beyond the top of the coftirin and the wall

tice identified by referente to figure 22, is
in which the lintels are built. A wood for

‘bond constructions and {4) insufficiént lintel reinforce—-

integrity in a severe wind environment, attentlon 45 T
- drawn to the practice of using large roof. overhangs

18

at the top to give the dekired helght of opemng, and
the space is filted with broken concrete block rem-
nants and mortar, Aftel)settmg, the metal window

frame is fitted into the opening, probably the window - -

~ frame is relied.upon to carry the weight of the lintel’

above it inaddition to any loads transmitted from the
roof. It is not known whether any horiZbntal
reinforcement was placed in the coyrses above the

lintel; none appear to be projecting into the adjacent
corner column

Pmother example of remforced masonry bearing wall
construction used in the Central Luzon area of the
Ph]]lpplnes is the house shown in figure 23-Although

itis quite similar to the first systems discussed above
(fig. 8}, there are some major differences that make it a

. more viable system structurally. For instance, the use

of lmte@t mtegrally with the bond beam (figs. 25 7
ana Lo) gives better II“ll'Eng[)’ :0 the system. leewlse

thehip Toof 15 ‘essenfially a space truss which has a

better diaphragm capability because it is braced in

- both hunzontal dlrechons Also nnte that the amount

masonry and workmar'rshnp is of a bétter qua]lty and
Better connections are Used between the roof and wall -

. 'els‘ffji’l!ivihe coffimon inherent weaknesses are: the
_——use of slender columns made by stacking single units

(fig. 23) and excessive projections of the roof over-

hangs.\
Figiire 27 shc__)ws a house built in Bangladesh by CARE,

‘ I
ot

N

Inc,, consisting of walls and pilasters built with cinva- | ¢
", ram*—masonry units. The wall footings are built iy
wider than the walls and are raised above ground to

protéct the house against floodwater. One of the at--
tributes of this house is its low cost; it lends itself to”
self-help construction since the skills needed to pro-
duce cinva-ram are minimal. One disadvantage of
this constructton isthe dlfflculty of reinforcing it .
economlca!ly Since cinva-ram units are, solid, double

‘wythe walls aré,needed for the placement of bars.

This can be com F?Ensated to a certain extent by using-

thicker walls built with Iarger units.
han M

The foregoing case studies, which were based on in-

- formation gathered from field surveys of ongoing - .

construction projects, indicate the need for a bréader
disserhination of existing literature on building con-
struction practice to the public. The reference section
lists some of this information that is availabie thirough

local sources such as the Phlllpplne Standards

cil of Engmeermg Orgamzatlons [27].

"Units made by pressing a mixture consnstlng mostly of clay
and cement inty rectangular units Wthh are then dried in
the sun. :



"~ masoriry veneerand two-wythé walls wit

L c‘bmmonly used in developlng countri

+

2 5 MASONRWPRACT[CES IN THE {‘JNITED

Jwo anchor bolt applications: (a) anchorage of sill to

STATES i ) K ﬁnasonry wall and (b) anchorage of stud wall to masonry
W _ © .0 yall Also consult figures 55 and 56 which illustrate
2.5.1 Avai’lable Masonry Connectorg ' ? 1 the use of anchor bolfs to connect a stud wall

system to cast concreté'slab footmgs and concrete

Among the broad variety of connectors available fgr masonry, foundation_ walls..

use in maspnry construction, a significantly ly large
number afe utilized for non-structural applicatigns Figure 31 shows reinforcement demgned fo' place-

" _such.as for attachiient of facthg panels, Hangerdand - mentin thethorizontaljoints-of masonry-walls-The—

dual two common shapes are the truss and the ladder
ing with shown in(a) and {b), respectively. This reinforcement
rein- is fabricated from light-gage, coid-drawn steel and

mlscell neous appendages. Others are used i
wall systems such as cavity walls, wood fra

forceﬁ and grouted collar |01rits “Both of thy r.e.catego- . consists of two longitudinal rods welded together by
 ries are excluded in: this study smce they Ao not refate cross rods. Joint reinforcement is used as a means to -
to the 5|ng}e wyl-he beanng waltl cons[r tionlmost : prevent or control cracklng 1N masonry wallsand to

1mprove their tEl‘lSlle strength in horizontal ﬂexu;e

Fl,gure 28 shows a variety of metal ancho\rs used to tie The use of joint reinforcement is strongly recom-
masonry walls to interconnecting elements, Tiebars mended in walls of stacked‘ bornd CD“S“"_-“:“O“ which |
, +.cobme in different.sizes and shapes for divérse applica- - are prone to develop.cracking in servicealongthe
tions. Where used to provide lateral support between -, vertically aligned mortar joints. A good practicéisto’ -
abutting bearing walls, 6-mm (1/4-in) tiebars with'end use them in alternate courses in stacked bond-con-
g\ hooks aretypically placedein alternate coursés-with———struction and in every third-course inrunningbond————
__the bent ends erhbedded in cores filled with mortar or . construction: Special prefabricated units are also
grout as lrfustrated in f,gure 29(c). A twisted'bar with- available for continuous reinforcement around cor-
dut end hooks is s used to tie floor or roof ]DlStS/fO. the..- /, . ners as in figure 31(c) and (d), and for tying abumng
concre[e nfasonry bearlng Surface as Sh")‘\’n’}'{’r}(g‘ire ) walls and pal"titiOnS as in figures 3l(e) and {f) i - ..

A

There are a large number of manufacturers of masonry
“connectors. The besl; source of obtaining namesof
manufacturers is THe Thomas Register126] and the best
source of obtaining product information is The Sweef’s

jntervals, by the masonry ‘walls of the samé orienta-
tion, with tiebafs as indicated in figure 294a). Tiebars
used in pairs provide an effectiv eang.’ofanchorlng _
the roof to the walls. At the toptHe hooks aie lapped =« .
. - Industrial t t . The pert
and nailed to the rafter or the tof} chord of the roof Industrial Construction Catalog|3]. The pertinent data®

supplied by the manufacturer include descriptions of
truss, At the bo“‘?'{[“' they are embedded in concrete PP y - P

et C the available products, their application, technical
bond beam or, i : __nce of a concrete borid beam, P PP

29b). These joists are supported latetally, ;;nz/specuhed

into the grcmtﬁ?cé‘res ofthe concretd blocks in the top :ata and level of acceptance by building regulatory
gencies. :
course, Steel reinforcing bars can also beused for this | _ +
purpose. In either case, proper care should be exer- ' , LT
. cised to protect exposed metal surfaces against corro- .~ 2.5.2 Available Technical lnf({rmation
sion. : : = The design and construction of masenry buildings are
Plain or corrugated dovetail bars shown in figures governed by the provisions of various.regulatory
28(e} and (g) are'made of lighter gage metal than the documents. Among these, the principal one for con-
- tiebars and are usgd to tie masonry walls to wallsor crete masonry is the NCMA Specificatiorhy 28] which :
" columns. These anchors require specidl metal duct in-, - cdmes with aCommentary |29] giving the rationale -
"Qerts in the concrete4o receive the dovetail end in in- behind its provisions. The ACl Committee "N report
lock. Although do\ etail anchors are generally : 130] contains proposed recommendations for cqncrete
Jgned for non-load bea ring masonry wall connec- _ masonry structures that have been referenced b
tions, they provide sorrie measure of resistance against Jamaicdn sources | 1]. This committee is currently pre-
pulloﬂ; forces. The corruieted dovetail tie with an paring a revisedwode for concrete masonry. Provisons
end hook shown in figure28&(f) provides an effective for masonry in general, are prescribed in ANSI
) melans of anchoring door and windbw frames to the . A4]1(31] and the Uniform Building Code[32].
masonry walls. . 5 - - _ _ . o . .
S _ Infprmation of a less technical nature is contained in
Anchor bolts such as the one shown in figure 28 (h)are ‘reférence |33) published by NGMA, which provides
mainly used to connect wood elements to the masonry. guidance for vocational training in concrete masonry.
_The bent end generally gives more, holdmg NCMA also publishes a TEK series |34] which sup-
power for the same length of/ernbe ment than the - plies techplcal information on desigh, construction
. head of a standard siralght/bolt Figu 530 illustrates - and detailing aspects of concrete masonry.
. SR ; -
[ A .t 1 '
o
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Experimental and analytical research work on con-
crete masonry conducted at the’National Bureau of
Standards is described in various publications media
with the more recent-ones included in the reference
list | 35 to 39). Additional sources of information on

t

G otant aspectsare:

1. Use of peripheral bond beam.connecting all
load-bgaring masonry elements together. Alter-
nate construction schemes include the use of a cast

'+ concrete beam and the use of bond beam masonry .-

CDM&MQMBM&&YEM*°A 140
to 464.

2.6 SUGGESTED IMP.BOVEMENTS IN
~  MASONRY CONSTRUCTION

2 6 1 Utll:zatmn of Available Connectors

lm provementsm building construction canbe

effectecl | through better utallzatlon ofavailable masonry. -~

._Aasan expedleht means ;of anchonng masonry walls

together as well as to roof and foundation elements.
Bars of 3to 6-mm (1/8 to 1/4- in} thickness which ,
should be locally available in.many developing coun-

" triés can be bent or twisted to give them the desired

units through the top course (fig. 4). Both schemes
permit placement of horizontal reinforcement to
* achieve better nfegrity-atthetop. Irshoufd=iss~ -
be mentioned that a substantial bond beam
relieves the walls from resisting forces in out-of-
plane flexure and supplements the diaphragm
_rigidity ofthe roof

2. Useof approprlate Imtels and connectlons be-
_tween lintelsand’ the rest of the walls. Alternates .
cast-in-place and precast lintels are indicated in "~
figure 4. A most effective meansof achieving con-
tinuity of lintels is to cast them integrally with the |

bond bear as indicated i in flgure 25.

3. " The need for adequate clla phragm capability of
the roof cannot be overemphasized. The ropof

same manner as is employed to hook remforcmg bars
in the field.

It was previously noted that con rugcugnseffected by oo

‘Hebars iy also be accomplished by plain or
deformed reinforcing bars which are, enerally more
readily available than tiebars. To beéffective, exposed
reinforcing bars should be resistant to corrosive
agents. Where used to connect the roof to the masonry

_ walls, reinforcement should have sufficient embed-

ment in concrete or grout-in-core at the bottom, and -
should preferably extend over and around the con- -

. necting ro¥ element and be secured on both sides by

'~ straps nailed to the wood.

To provide anchorage between intersecting walls,

" reinforcing bars formed into a*loop or hooked at both

i -»--—»-..,.--Iu'l-w-..r

ends may be placed in bed mortar for construction-
without using bond beams &s indicated in figures 32(a)

““and (b). Where bond beams are utilized’ a more subs-

tantial anchorage may be effected by bending and ex-
tending the bars into the neighboring walls as indi-
cated in figures 32{c} and (d). Likewise, walls may be
connected to the foundation by dowels embedded in
the footing (bent dowels are preferable} and extending
into the grouted core of the wall and lapping with the
vertical reinforcement. - .

-

Improved Construction Practices in

2.6.2
: Severe Wind Environment

Improved structural response'in a severe wind en-
vironment may be achieved through practices which

" have been identified through past records to be more

K
i

effective during natural disasters. The more impoy-

3

i o __.12

“configuration by Jabor-intensive methods much inthe - ™

. 5y stem should preferably be braced in bptﬁ direc-
=28Bns to achieve a measure of diaphragm tigidity

_ which is needed to transmit lateral wind loads to
the appropnate shear wallsbelow -

L]

The use of sfender vertical elements such as those

built with single stacked concrete masonry units

to provide columns for the support of large roof
qverhangs at reentrant corners or landings should

Pe avoided in a severe wind environment."This = = '~
restriction is necessary because these elements are
highly susceptible to impact by flying debris and

(1p|1ft transmitted from the roof.

.:La rge roof overhangs serve as vehicles for attract-
ihg and transmitting higher uplift forces to-the — —
system and therefore require more substantial
~ construction provisions against high winds, Con- *
siderations siich as aesthetics, shading provisions
and social preferences of dwelling environment
should be traded off against practicability of
design and increased costs associated with such
practicesto arrive at a reasonable compromise.

Overall integrity of the system should be assured

by providing continuity between vertical wall

reinforcement and the roof and foundation

through appropriate utilization of reinforcing

bars and anchor bolts and by providing continuity

between intersecting walls by means of tiebars
nd/or horizontal reinforcement grouted withina -
ond beam course and exttnding into the
eighboring walls and partitions.

he use of infill wall construction in building
ystems under a severe wind environment should.
encouraged. The masonry infill walls should be
aid first on top of atast-concrete wall footing and



;f_'_-_._-_;_-_;_ﬂ-ar"—"‘r'atsuehed.to-'rt--by means of dowels lapped-a suffi~ - -~ -~ -
cient distance with the vertical reinforcement
placed into the grouted cores of the hollow blocks.
Horizontal and vertical reinforcement should

* - project from the sides and top of the filler wallsto .
———— ———achjevecontimuity-withthe surroundimgcorcrete — =~ 7~ 'ﬁ'-._---“-—-----—;——-LER%M-OHWEIBH-—---—“— e —
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* FIGURE7 INFILL WALL MASONRY CONSTRUCTION.

FIGURES COLLAPSE OF ONE-STORY BUILDING
CAUSED BY THE NOVEMBER 1974
TYPHOON IN THE PHILIPPINES,
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FAILUREOFMETAL ANCHOR
PLATE IN BUILDING
DESTROYED BY NOVEMBER
1974 TYPHOON IN THE
PHILIPPINES:

N

- }-‘

3

RE10 ROOF FAILURE IN BUILDING CAUSED BY NOVEMBER 1974 TYPHOON IN
THE PHILIPPINES. %

15



FIGURE 11

FIGURE 12

SINGLE FAMILY HOUSES DAMAGED OR ESTROYED BY TYPHOON IN
NOVEMBER 1970, IN CENTRAL LUZON, THE PHILIPPINES.

SINGLE FAMILY HOUSE -
SHOWING COLLAPSE OF ROOF
AND EXTERIOR WALL DURING
THE PHILLIPINES TYPHOON
IN NOVEMBER 1970.

to




FIGURE 13 INTERIOR DAMAGE OF
SINGLE FAMILY HOUSE
CAUSED BY THE

NOVEMBER 1970 TYPHOON
; IN.-THE PHILIPEINES '

FIGURE14 RESIDENTIAL BUILDING IN DARWIN, AUSTRALIA, DESTROYED BY THE
DECEMBER 1974 CYCLONE.

+
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FIGURE 15 BUILDING OF CAVITY WALL
CONSTRUCTION IN DARWIN,
AUSTRALIA, PARTIALLY

DESTROYED BY THE

e e e e —DECEM_BE_R ]WQCYCL_ON._E:- R

FIGURE 16 BUILDING IN DARWIN, AUSTRALIA SHOW[NG PARTIAL COLLAPSEOF
ROOF AND MASONRY INFILL WALLS CAUSED BY THE DECEMBER 1974

CYCLONE.




FIGURE17 FAILURE OF CONCRETE BLOCK MASONRY WALL IN BUILDING
SUBJECTED TO THE DECEMBER 1974 CYCLONE IN DARWIN, AUSTRALIA.

FIGURE18 SINGLE FAMILY MASONRY HOUSE UNDER CONSTRUCTION IN CENTRAL
LUZON, THE PHILIPPINES.




FIGURE 19

FIGURE 20
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STACKED BOND CONCRETEMASONRY WALL CONSTRUCTION FOR
SINGLE FAMILY OCCUPANCY IN CENTRAL LUZON, THE PHILIPPINES.
SINGLE FAMILY HOUSING DEVELOPMENT IN CENTRAL LUZON, THE
PHILIPPINES. '
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FIGURE21 CONCRETE COLUMNS WITH
CONCRETE MASONRY INFILL
WALLS BEING CONSTRUCTED
FOR SINGLE FAMILY DWELLING

OCCUPANCY IN CENTRAL
LUZON, THE PHILIPPINES.
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FIGURE22 CONSTRUCTION OF SINGLE
FAMILY HOUSING UNIT IN e
CENTRAL LUZON THE _ \
PHILIPPINES, SHOWING -
CONCRETE MASONRY FILLER
WALLS AND REINFORCEMENT OF
- CORNER COLUMN.,
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FIGURE 23 REINFORCED CONCRETE MASONRY DWELLING UNIT IN CENTRAL

FIGURE 24

LUZON, THE PHILIPPINES.

REINFORC‘E‘D CONCRETE MASONRY WALLS UNDER CONSTRUCTION FOR
H@QSING IN CENTRAL LUZON, THE PHILIPPINES.




FIGURE 25

FIGURE 26

CONCRETE MASONRY BEARING
WALL CONSTRUCTION WITH
TRUSS TYPE ROOF FOR

HOUSING IN CENTRAL LUZON,
THE PHILIPPINES.

SINGLE FAMILY HOUSING
UNDER CONSTRUCTION iN
CENTRAL LUZON, THE
PHILIPPINES, SHOWING
CONCRETEBOND BEAM DETAIL
OVER OPENINGS.




FIGURE 27 CARE SPONSORED HOUSING PROJECT NEAR DACCA, BANGALADESH
SHOWING CINVA-RAM WALL CONSTRUCTION WITH CORRUGATED
METAL ROOFI\C

FIGURE 28 VARIOUS METAL ANCHORS: (a), (b) TEEBARS WITH END HOOKS; (¢) TIFBAR
WITH HOOK AND SPLIT HOOK; (d) TIE BAR WITH 90" TWIST: (e) |
CORRUGATED DOVETAIL TIE (H CORRUGATED TLE,_Lgl D(ZLVETAH TIE

WITH HOOK;(h) ANCHOR BOLT. - ———

T4
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FIGURE29 APPLICATION OF METAL ANCHdRS IN MASONRY CONSTI?;UCTION: (a)

TIEBAR ANCHOR TO WOOD JOISTS; (b) TWISTED ANCHOR CONNECTING
WOOD JOIST TO CONCRETE MASONRY BEARING WALL; (¢) TIEBAR

ANCHOR CONNECTING @ONCRE_:':TE MASONRY INTERSECTING WALLS. ~

T

Length Conversion

fin = 254 mm
f." . 1in = 0.0254 m
[ . .
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(a) ' ()

. FIGURE 30 APPLICATION OF-ANCHOR BOLT FOR MASONRY CONNECTION: (a)
CONNECTION OF SILL PLATE TO CONCRETE MASONRY BEARING WALL;
(b) CONNECTION OF CONCRETE MASONRY WALL TO WOOD STUD WALL.

25.
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- {a)

j {c)
. L . — .
L_ij ===
(d) (e} ~ . .g (f)

FIGURE31 JOINT REINFORCEMENT IN MASONRY WALLS: (2) TRUSS; (b) LADDER; (¢)
AND (d) PREFABRICATED CORNER SECTION; (e) AND (f) PREFABRICATED
TEE SECTION.

Length Conversion

lin =254 mm
Jin =0.0254¢ m

Sohd grout .
aburthing cores \

Y round Les Ya round nes
wn moriar joim _ around verhcal bars

{a) : (b}
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30 bar cham |
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8 bend nlo corner core

IREAARERARANA )

7

AN

! &»
EXTERIOR WALL B : BOND BEAM
BOND BEAM . . AT WALL INTERSECTION
{c) : {d}

FIGURE 32 ‘HORIZONTAL REINFORCEMENT BETWEEN INTERSECTING MASONRY
- - WALLS: (a) AND (b) WITHOUT BOND BEAMS; (¢} AND (d) WITH BOND BEAM

£

Facing Page: Roof structtiral system i a new United
J ' ‘ . : - States - Republic of Philippines School Building,
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3. FASTENERS FOR TIMBEI
CONSTRUCTION IN HIG
WIND AREAS '

b‘\
oGr Sherword and T Welkinsen &
3.1 INTRODUCTION

Houses and other tow-rise Baddimgson many ropial
areds such as famaica. Bangladesh, and the Philip
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sources for commercially available timber connectors, o (3) Timber Engineering Company- .
existing timber-telated building practice in the Philip- . - 5530 Wisconsin Ayenue-

pines, and identification of good and poor timber con- -~ Washmgton D.G: 200]5

‘nector practice. It also presents recommended prac- (4) Kees, F.D., Manufacturing Company .
tice, inciuding connectors that can be fabricated by the . 21 High Street~ - '
indigenous people. * Beatrice, Nebraska 68310

; _ (5) Cleveland Steel Specialty Company

3.2 AVAILABLE TIMBER FASTENERS . 14442 Industrial Averwe,

South Cleve_la nd, Ohio 43228

3.2.1 Nails, Screws, Bolts, and Lag Screws .
N ) 3.2.3 Truss Plates

These common mechanical fasteners for wood come .
in many varieties. A variety of nails isshownin . :
figure 33. Some may be used for several purposes

while others are intended for speaaT purposes.

These fastenérs are made of galvanized sheet metal,
usually 20 gage, intended primarily for use as gussets
for light timber fmembers 50 mm (2-in}thick] frusses,

In general, nails resist or tran‘smlt smaller loads than L the plates may. be obtained in man}./ sizes of rectangu-
.screws, and screws resist or transmit smaller loads B lar shape. Their means of transerring load vary from
~ than bolts or lag screws. However, because of their ' the use of nails in punched holes, plugs of barbs of
“smaller size, more nails can usually be used in a joint. | different shapes, to-teeth of different shapesand . .
A good source of information on the design of joints. - - . —lengths. Figure 37 shows some typical plates.

with such fasteners is the National Design Specification
for Stress Grade Lumber and Ms Fasteningsby the Na-
..~ . tional Forest Products Association [47].

Procedures for designing with these plates are pre-
sented in Design Specifications for Light Metal Plate
“ Connected Wood Tryssesby the Truss Plate Institue (48],
There are a large number of manufacturers of such This publication also ]lSItS 11 ma.nufacturers which are ;
- -~ —fasteners. The best source for obtaining names of + membersof the Truss Plate Instltute..

manufacturers in the Thomas -Regi'éfer of American Detailed description 6f the plates and design loads can
Manufacturers and Catalog File [26]. be obtained from the manufacturers,
These manufacturers can provide catalogs which |
describe the fasteners they manufacture along with

the intended purpose for each. 3.24 %l:ﬂéletal Fasteners and Other Specnal

i
¢

?

3.2.2 Timber Connectors These fasteners include such items as joist and T»eam

Timber connectorsgenerally refer to split rings, shear hangers, framing anchors, rafter anchors, post!
plates, and toothed rings (figs. 34, 35, and 36). These are anchors, etc. {fig. 38), which are made nft.,alvaplzed
intended primarily for heavy |members larger than sheet. metal and which require fastening to theifram-
100 ram (4 in) thickness| construction and usually ing with nails or screws. i

result in butky joints. Special tools and skills are
needed for properly constructed timber connector
joints, -

A good reference for descriptions and Specifica'tions
: of these fasteners is Products in Actior by the Ti mber
Engineering Company [49]. ‘._
* Split rings and toothed rings are used for wood to-
wood joints, and shear plates are used for wood-to-
‘steel joints, and sometimes for wood-to-wood joints,

Some of the manufacturers of truss plates also r?a ke -
certain types of special fasteners for use in fram\mg

- applications. L ~:
. Proper joint design procedures and loads can be found . ; ’ i
in ref, [47). .- , - _ \
Manufacturers of timber connectors as listed in 3.3 PHILIPPINE TIMBER-RELATED .
- Thomas Register are as follows: - PRACTICES v
(1) Simpson Company he Ph
1472 Doolittle Drive Timber-related building practices in the 1{|pp1nes
San Leandro, California 94577 can be divided mto three general categories: :
(2} Woodmack Products:, Inc. ;j {1 uPpie-type construction in which poies are sg’ét
852:-Aldo Avenue _ = into the ground to serve asfoundation and ex-
Santa Clara, California 95050 kN gtend to the roof{fig. 39). .
’"“ - - al' '
- - t’g. r
28 e .



3.3.1

Concreteﬁslab perimeter, or pier foundation of
concrete or masonry with wall and roof fram-
ing of wood (fig. 40). ?

@

(3)

ing masonry or cast concrete walls, and a .-
wood-frame roof (fig. 41)., |
Po"lle'Type

This type of construction is well suited to high wind

_ . areasbecausethie majof structural member, the pole,

R

serves as the connecting link between all other struc-
tural members, If the poles are set 1.2¥n (4 ft) or more
into the ground, they serve as anchorsjfor the build-

ing. For long life, all poles must be pressure treated for *

resistance to decay and insect attack. “

Roof framing members are ejther round or sawn tim- i

bers. In remote-areas, they- may be tied together “with
strips of bamboo (fig. 42). This type of connector ap-

- pears to provide good resistance to wind forces. Nail-

ing is also effective if nails are loaded latetally rather
than in direct withdrawal.

Covering materials for this type of construction are
-often thatch roofs and walls of thatch or bamboo.
There appears to be no avay to assure anchorage of
thatch during high winds ( fig. 33). Wood siding
nailed to framing members offers good resistance to
wind, but nails should be corrosion resistant.

3.3.2 Wood-Framed Wall and Roof

5 . , L R

Wood-framed walls often have a single covering

material. It may be applied to the exterior of the )

building or set between framing members. Anchor
bolts are used to tie the wall to the foundation. Where
fhe foundation is concrete block, the anchor bolt
should extend through blacks into the footing. If the
ho*pse is anchored only to the top concrete block, this
black may be pulled from the foundation and moved
with the house,

S
Cogve'ring material applied on the outside of the fram-
ing {fig. 44) pfotects the wall framing and connectors
tromn rain, Walls with the covering set into the fram-
ing have a greater potential for trapping water, and -
thus  promoting decay. Anchor bolts on the outside of
the wall are particularly susceptible to trapping water
{fig. 4'3} They can easily be placed on the inside for -

protection. The type of sill plate shown in figure 45
also traps water. The sill plate should at least be
sloped to the outside so water will drafh from it, and
the joint with panel materials should bé caulked.

Roof fﬁaming is either nailed to the top of the wall or
securéd with sheet metal connectors. Good nailing
should hold down the roof framing, but sheet metal
connect9rs provide a stronger joint and have less
chance of being improperly nailed.

1
\
i
Y
i

Concrete slab or perimeter foundation support- B

29
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3 3.3 Masomy Wall

One method of tymg roof framingtoa masonry wal]
and at intermediate Iocahons on long walls. Reinforce-
i ment is tied.to the foundatian and extends above

the columns so that it can bé attached to a wood beam
which extends completely found the:perimeter of

the house on top of the masonry wall. Trusses are
sometimes anchored to this beam by metal straps
nailed to both members. The metal strap has a 90°
twist at its center which weakens it and allows the

“ nailstobe pulled out when anything but a direct

uplift force is exerted on thestra-p(ﬁg;-ilé},-_ o et

A sheet metal connector that can be nailed to both
sides of the fafter and beatnwould prevent the tjzpe of .°

i —failure caused‘by rotation iff the single, heavy strap.

3.3.4 Roof Framing

Framing for the roof of any of the types of structures
involves use of either trusses or a rafter-and-joist
system. Trusses.are fabricated with metal plate con-
nectors or bolted joints. In some larger structures,
split-ring connectors are used. Trusses generally are
made from an engineered design and under con-
trolled conditions, so they have less potential for
failure than the conventional rafter-and-joist system.

-

Where rafters arrh)\sea, some type of collar tie is im-
_______ the roof from dividing at the peak
{flg. 4'7). Celllng joists, well nailed or bolted to rafters,
preverit the roof from spreading outward {fig. 48).

- Purlins are connected to rafters or trusses in several
- . ways. Nailed joints are among the most vulnerable

because in this application the nail is loaded in direct
withdrawal. Short boards 50 by 50 mm (2by 2in)
nailed to the purlin and the rafter (fig, 48) provide a
stronger joint by loading the nails laterally.

3.3.5 Roofing

-

The major roofing material in the Philippines is cor-
rugated sheet metal'One method of tying roofing to
purlins is the use of sheet metal straps (fig. 49). One
end of the strapis bent at a 907 angle, and the bent
portion is riveted to the roofing: The:strap is nailed to
the side of the purlin and bent under the purlin, The .
attachment of the strap to only one side of the purlins '
results in an unsymmetrical load so the strap canbe
twisted off by wind forces. Two straps riveted to the
roofing on both sides of the purlin and lapped under
the purlin, would resist forces due to moment in‘the
connector, '

’

_Figure 50 illustrates the effectiveness of having

tiedowns symmetrically loaded. A wire wastied to a
nail in the bottom of the purlin, punched through the



T
A
1,

Y roofmg 'wrapped over - the purlin, and tled back to the
i -, - nail. Thistie held well enough that the purlin-to-
b raftgr connection failed before the roofing connector.
J Ho ever, roof leakage may be\a problem.,
3 3.6 Protection From Wood- Destroymg
Organisms_

!
A key element of 300d performance of timber connec-

tors is maintenance of the strength prapertjes of the--
‘wiod. In many cases where failures have decurred, |
- some deterioratio he-wood isévident (fig. 51).-
ming is prevalent around many nai 5, and bolts (ﬁg.
---52), which reduces decay resistance of t e wood. Cor-,
_ rosion of n,-nls also results in loss of cross gection
which loosens the nails. In such a humid environ-__}
ment, all connectors should be corrosion ré:iistant

. . . '\‘ .
. 3 3.3.7 Summary of Geod and Poor Practifes o I

: . . A
- Design, construction, and maintenance practmgs are
summarized below: \

1. Design the building to act as a unit by connec\t\ing ‘
all componentstogether and anchoring the %
whple structure to the foundation. Design ]omts '
to resist torsion as well as uplift even where it th
means using connectors in pairs. Lo

2. The use of engmeered trusses fabrlcatednndlr-f
: good quality control assures structural integrity of _
S — fthe—rﬁaf—ir—ammg Where trasses ate ot used, col-
' — ’T&r beamis and ceiling joists must be nailed or
Ited ta the rafters. Sheet metal connectors pro-
vide l?etller quality control at joints than nails
~alone, ’

. . 3. Pole framing offers a gbod way of tying compeo-

. nents together because al! major structural mem-
bers are connected to the poles.In mascnry con-
struction, 2 reinforcing rod extending from the
footing. torthe roof provndes the required con-
tinuous tie, , i

o . ,

4. Al connectors should be corrdsion resistant,

Locate connectors Bﬁﬂere they are protected from .

" rain, and avoid expoged joints which trap water.

5. Loads should not be concentrated in a small'num—
ber of connectors. Connectors applied to only one

. side of a member can often be twisted off because -

a the¥ have little resistarice to torsional loads.

6. Nails loaded in direct withdrawal offer less resis-
tance than laterally Joaded nails. Roof framing
that is anchored only io the top course of a block
wall may blow off taking the blocks with it.

7. The use of connectors that are not corrosion resist-
- antis poor practice in a humid location. Exposure

+*
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of connectors to rain provides a place for water to

enter the wood and promote decay. Horizontal

‘members exposed as exterior elements form water
traps which can ]ead to decay. -

3.4 TIMBER FASTENERS-APPROPRIATE FOR
CONSTRUCTION IN DEVELOPING.
AREAS WITH HIGH WINDS o

341 Pole-Type Constructipn

Where poles are set in the ground to serve as the main
vertical framing, major floor and roof framing

tegrity of the building. Round framing members com-
monly used for indigenoustype of construction have
been successfully tied to the poles with strips of bam-
boo {f:g 3). Sawn timbers should be boited to the. pPIEs

using 19-mm (3/4-in) or larger bolts depending o the ™

load. If round péles are used with:sawn timber fram-
_ing, notching the pole to prows:le a wider bearmg sur-

face (fig. 53} may be necessary, especially where two b

members meet end-to-end (fig. 54).

~ Siding materials rﬁay be boards naiied diirectly tothe -
framing. Corrosion-resistant nails are particularly im- .

portant for this application. '[nd|gen0us -type cop-—-——

- struction oftenremplays wailsofbamboo or thatch. -

These coverings have served well in many applica-
tions, but are difficult to secure in extreme winds.

3.4.2 Light Wood-Fr’aﬁne Construction .

The wood-frame must not only be anchored to the
foundation at its base, but must also provide a con-
tinubus tie from the foundation to the roof.
Anchiotage of wall framing to a concrete foundation
may be accomplished with hooked bolts embedded
0.2to 0.3 m(8to 12'in) in the concrete, A large washer
should be used under the nut to spread the load onthe
wood framing (fig. 55). Where the foundation is con-
crete bldtk, the anchor bolt should extend through the
block and be anchored in the concrete footing (fig. 56).
The ex‘posed end of the anchor bolt should be pro-
tected from weather. Where a single covering

- material i set into framing, the bolt should be p!aced

on the protected side of the covering material (fig. 57).

The wall must be tied together as well ag anchored.
Panel-type covering material nailed to the anchored
sill and to the top plate provides this continuous tie,
Panel material'nailed to framing completely around

. its perimeter also provides racking resistance in the

wall. Where siding does not provide such a tie, sheet
metal straps can be used as connectors between plates
Jand vertical framing (fig. 58). $e

¥
' ¥

'Roof framing is effectively tled to walls with sheet
metal brackets(ﬁg 59Lor w&od cleats(ﬁg 6?) Where

-‘JII

;

: ok
securely attached to the poles assures'the structural in- .

b



A

a cell‘tng plst—and rafter system js used, sheet metal -

‘stfaps nailed to joists and studs (hg 61) provide a good

tiedown for roof framing. In this mrethod;the rafter

%

must be well nailed to the ceiling joists.

3.4.3 Concrete and Masonry_.@onstmctiqn

Cast concrete posts at corners and intermediate loca-
tions-in concrete block walls provide tiedown pomts
for roof frarnmg Wood plates can be tied down to

. hookéd bolts in the cast concrete posts or walls. Thisis
the same type of connector shown in figure 55. Roof *

- framing can then be attached to the anchored plate by
. sheet-metal brackets or woochleats as shown in

" 344 Roof Frammg : /

figures 5% and 60. f

Trusses may be used for roof frammg for any of the
types of construction that-have been discussed. Con-

" néctors may be metal plates for flght constructlon or

split-rings for heavy construction. Split-rings that are
tapered in cross section and wedged into place have
the highest load carrymg capacnty ;

345Rool‘-mg- S

t a

Thatch roofs afe  often used for md1genous coﬂ'struc-

| tion. The thatqh is tied to small poles which are laid

to the purlins.*

on the roof in courses with each course overlappmg
the one below | Poles are secured by tying them to roof
framing with bamboo strips which provide good -
resistance to wind loads. However, the thatch itself-

‘may blow off in extreme winds.

The prédommant rooﬁng material is corrugated,
galvanized sheet metal. The usual roof system consists_
of pu:lms {sometimes referrecl to as roof joists) span- -:_
ning betv«{een rafters or trumses, and-roofing attached
to these purhns The purlins should be tied to rafters

with sheet metalbrackets (fig. 62) or with Wood cleats
(fig. 63). Ineither case the tiedowns should be attacha-

ble to both sides of the purlin and rafter, so they can-
not be twisted off by loads that are not perpendicular

N

" Corrugated rooflngnls best affixed by a fastener that

wraps completely around the purlin. Two sheet metal

straps lapped under the purlin and riveted to the cor-

rugated roofirig on each side of the purlin (f:g 64)
provide a good connector system that will resist mo-
ment Ioads which cause failure when a strap is used
on only-one side. +.. !

3.5 FASTENERS FOR FABRICATION BY
. INDIGENOQUS PEOPLE-.

E]
B

; ¢ e

Any of the sheet metal straps could be easily fabri-
cated with a minimum of tools, A minimum thickness
of 20-gage galvanized sheet metal should be used. A

T
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i

i
;

wldth Df 3"2-mm (1-1/4in) and a length of 0.5m (201 N
would be suitable for many apphcahons (fig. 65). 1t

" ;. may be necessary to vary this size for specific applica-
4 tions. ¢

i\. El

Galvanized straps could be fabrlcated fOr roofing
tiedowns, This strap should be only about 152 mm (6

in) long, bent at 90°, 25-mm (1-in) from one end, and
have a 6-mm (1/4-in) hole punched in the 25 mm(1-

in) section (fig. 66). These straps should be used.only in -
pairs on opposite sides of a purlin, Theendsof the
straps should be bent under the purlin with the two
straps l@pped and nailed to the bottom as well as sn:les
of the purlin. '

A multjpurpose bracket coutd be fabricated from 20-.
gage galvanized steel. A suggested size isgivenin - -
figure 67; however, this could be varied for other

‘standard sizés of wood framing, Slitscut in thé sheet

. metal permit formmg the bracket for a variety of uses.

Split-ri ng cennectors have been fabrlcated by cutting
19-mm (3/4-in) wide segtions from 76-mm (3-in) steel

_ pipe, and then cutting the ring at an angle. This con-

nector and present commercially produced split-ring
connectors are shown in figure 68. For maximum

. strength the ring shOuld be wedged tightly into the

circular groove cut in the wood. Present- commerv}lal

. split-rings cut from steél pipe should have good load-

carrying capacity even though its capacity would be

- somewhat less than the tapered ring.

Metal plate connectors for truss joints is another
possiblit?' for fabrication by indigenous people. These
are usually fabricated from 20-gage galvanized sheet.
metal. The sheet metal is punched in a way that pro-

.ducesbarbs or teeth at right angles to the plate. Plates
with barbs punched in the pattern shown in figure 69

generally do not maintain optimum strength after ex-
pansion and contraction of the wood with moisture
changes over a long period of time. Plates with teeth

__that penetrate deeper than barbs ate less affected by

moisture cychng of the wood.

3.6 SUMMARY

Wind- resnsl'constructmn for wood-frame build- .
ings in developing countries can be achieved by pro- ~
viding good connectors between all members from

foundation to roofing. All connectors should be corro-
sion resistant and protected from rain where possible.
Connéctors should be designed to resist being twisted

off, Whete nails are used, connectors should be a type .

that load the nails laterally rather than inrdirect with-

~drawal.

Sheet metal straps and brackets could easily be fabri-
cated by indigenous people in developing countries,
Suich connectors could be fabricated using a minimum
of tools and equipment.



3.7 A CAUTION

In Ié)reqent tropical consti:uction the n105f frequent
~-failure caused by high winds is the loss of roofs. It
should be recognized that improved design which

holds the roof securely will ultimately result in the

32

concentration of greater loads in other parts of the
building. Details of wall construction and anchorage ™
to the foundation which have been adequate when

the roof failure relieved the total load on the building,
may not be adequate when the roof remains intact,

The building will be subjected to a large overturning -
moment as well as to uplift load on walls.

FIGURE33 VARIOUS TYPES OF
NAILS: (a) BRIGHT, SMOOTH
WIRE NAIL; (b) CEMENT-

- COATED; (¢) ZINC-COATED;
(d) CHEMICALLY ETCHED;
(e) ANNULARLY THREA DED;
(f) HELICALLY TREADED;

(g) HELICALLY THREA DED
AND BARBED; AND -
{h) BARBED, v

"FIGURE 34 JOINT WITH SPLIT-
RING CONNECTOR .
SHOWING CONNECTOR
PRECUT GROOVE, BOLT,
WASHER, AND NUT.



FIGURE 35 JOINT WITH
\ TOOTHED-RING
CONNECTOR.

FIGURE36 JOINTSWITHSHEAR-PLATE
CONNECTORS WITH (a)
WOODSIDE PLATES; AND
(b) STEEL SIDE PLATES.
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FIGURE37 SOMETYPICAL TRUSS PLATES.

I
A

. TECO DU-AL-CLIP

Framing Anchors

TECO-U-GRIP

Jaist ond Beam

TECO TRIP-L-GRIP

Framing Anchors

FIGURE 38

-y
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'FIGURE 39 POLE-TYPECONSTRUCTION.

FIGURE40 WOOD-FRAME WALL AND ROOF.

o



FIGURE 42

ROOF FRAMING TIED DOWN WITH STRIPS OF BAMBOO.




FICURE 43 THATCH ROOF WiTH THATCH
PARTIALLY BLOWN OFF.,

:
%

FIGURE44 COVERING MATERIAL ON THE
| i’OUTSIDE PROTECTS FRAMING

AND CONNECTORS.

——




FIGURE45 ANCHOR BOLT A ILL PLATE EXPOSED TO WEATHER PRESENT DECAY
HAZARDS. | — )

S
'

FIGURE46 METALSTRAP ON ONLY bNE SIDE QF FRAMING FAILED TO RESIST
BENDING LOAD. '
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FIGURE 47

FIGURE 48
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1

COLLAR TIES HOLD RAFTERS FROM PULLING APART AT THE PEAK.

AL ok

CEILING JOIST BOLTED TO RAFTERS RESISTS OUTWARD THRUST OF

RAFTER; WOOD CLEATS TIE PURLINS TO RAFTERS. |
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FIGLURE49 SHEET METALSTRAP NAILED TO ONESIDE OF PURLIN AND RIVETED TO
; CORRUGATED ROOFING,

.

I;ICURE 50 ALTHOUGH THE ROOF BLEW OFF OF THE STRUCTURE, THEF
+ CORRUGATED ROOFINC{JWAS EFFECTIVELY Til ED TOPURLINS BY WIRES
; COMPLETEL_Y AROQUND THE PURLINS. f
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FIGURE 51 JOINT FAILUREDUETO DECAY IN WOOD.

! 3

ROSION OF BOLTS AND NAILLS.

.

FIGURE 52 STAINING FROM COR
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NAIL STRAP TO STUD -

_SOLE PLATE o SOLE PLATE
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ANCHOR BOLT

FIGURE57 ANCHOR BOLT INSTALLED |

- . ON PROTECTED SIDE | TYING STUD TO
- - OF WALL. * .  BOTTOMPLATE.

ROOF FRAMING

S METAL BRACKET
DOUBLE 'rorii PLATES
STUD
FIGURES9 SHEET METAL BRACKET FOR TYING
’ ROOF FRAMING TOWALLS. . .~
.

ROOF FRAMING

SIDE NAILING
DOUBLE TOP PLATES

FIGURE 60 WOOD CLEATS NAILED TO EACH SIDE

® .

" FIGURE58 SHEET METAL STRAP

OF ROO}: FRAMING AND TO TOP PLATES.
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RAFTER

SR EIE T e b me A e v M A My s one s Ar b e an et e

CEILING JOIST.

NAIL TO STUD

.
FIGURE61 SHEET METAL STRAP NAILED TO CEILING JOIST ;
- AND STUD TO ANCHOR ROOF FRAMING |
i

TOWALL.

RAFTER

PURLIN
NAIL TO PURLIN

:NAIL TO RAFTER

FIGURE 62- SHEET METAL . FIGURE 63 PURLINS TIED TO RAFTERS

BRACKET USED TO BY WOOD CLEATS.
‘CONNECT PURLIN
TORAFTER.

T " - STRAPS RIVETED TO ROOFING

WASHER

ROOFING

PURLIN

STRAPS LAPPED UNDER
PURLIN AND NAILED

. .
FIGURE64 TWOMETALSTRAPSRIVETED TO -~
CORRUGATED ROOFING, LAPPED

UNDER PURLIN AND NAILED
TO PURLIN. :
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20-GAGE GALVANIZED _
SHEET METAL *

. ' T ] lwe
-~ 20" —— - o
| . .
FIGURE65 MULTI-PURPOSE STRAP; LENGTH .
ANDWIDTHCAN BE VARIED FOR
SPECIFIC APPLECATIONS. - . -
174" MIVET AND:|" WASHER
. j/ GALVANIZED STRAP
. " _
. \ ﬁ . . \Z/_ .I\, .
e R 4 x P - :
; | ‘FIGURE 66 GALVANIZED SHEET METAL ,_
STRAP WITHRIVET AND
‘ [ WASHER FOR' TYING DOWN
e f —— ~—CORREGATEDROOFING ———————==—==== -
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f Length Conversion
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/ FIGURE67 MULTI-PURPOSEBRACKET FABRICATED FROM
/ 20-GAGE{GALVANIZED STEEL; BEND EITHER | |
/ DIRECTION AT BEND LINES TO FORM DESIRED R
BRACKET.
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FIGURE 68 SPLIT-RING CONNECTOR FOR INDIGENQUS FABRICATION (LEFT), AND
COMMERCIALLY PRODUCED SPLIT-RING CONNECTOR {(RIGHT).
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FIGURE®69 . PLATE CONNECTOR WITH BARBS.
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