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.ABSTRACT 
. 

a 
The Agency for International Development spon- i 
sored with the National Bureau of Standards, a three 
and a half year research project to de:velop improved 
design criteria for lowrise buildings to better resist- 
the effects of extreme winds. This report contains in- 
formation gathered from this project. ,_ ‘c 

Project results are presented in (ive volumes. Volume 
1 gives a background of the research activities, acl 
complishments, results and recommendations. 
Volume 2 presents a methodology to estimate design 
wind speeds and a guide to determine wind forc$s. 
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. Retommenda- 
tio’ns 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. 
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These buildings are typically one or two story 
detached units which are supported by a continuous 
wall ftioting made of cast concrete or concrete block 
masonry or, in flood-prone areas, by wooden poles 
embedded in the ground. The roof iscommonly 
characterized by a pitched timber frame often project- 

“..ing up to 1.5 m (5 ft) beyond the exterior walls, and 
topped by corrugated metal cover.‘ 

The types of building:. systems of interest to this study 
are identified by reference to figures 1 through 5, 
which also serve as key visual reference for locating 
specific connector details-discussed in the subseque~lt 
sections of this report. 

1.2 ROOF SYSTEMS 

Figure 1 exhibits the two most comionly used 
framing systems for the roof:.(d) the truss type and (b) 
the joist-rafter assembly. The t&ss type construct!on 
employs a segiespf equally spaced trusses spanning, 
between opposi$kxterior walls. The corrugated 
metal roof cover is attached to a series of longitudinal‘ 

c purlins connecting the tr,usses together,~The joist- 
rafter type consists of a system 0f’inc)indd rafters 
franling inCo a ridge beam at the top and attached to D 
ceiling joists spanning between opposite exterior ‘- 
walls at the bottom. 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 robfcover to the rafters thereby J 
eliminating the need to use purlins. 

The choice of a particular roof system depends on 
many factors. A joist-rafter assembly allowsbetter 
utilization of-attic s,pace while the trusssystem per- 
mits prior assembly of the individual trusses at the ’ 
shop where quality control isgenerally better than in 
the firld. Structurally, both systems can be designed to 
have the desired diaphragm capability to transmit 
lateral wind forces to the appropri’ate 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 s’hown in figure 1. A practical 
but somewhat more expensive alternative td the 
horizontal bracing wpuld be to provide wood flooring . 
fastened tc th’e joists in a manner that will insure in- 
tegral action in the horizdntal plane. 

The importance.ofdiaphragm action for roof systems 
in extreme wind regions should b&emphasized in the 

’ 
light of the‘types of roof and wall failures observed 
that were atFributed:to a l7c.k of G&verse rigidity of 
the roofing system, ?s noted in section 2. The use of 
timber fastebers for Connecting roofing elements is . 

. /discussed in’isection 3. s 

;b 

F 

-- 

. 

1.3 POLE-TYPE CONSTRUCTION 

Figure 2 shows the structural layout of a pole-type 
construction. The raised floor protects the ho’&e 
against insect inf+ation and floods. This type of con- 
struction provides generally a lower cost housing 
than either masonry or wood frame wall system since 
-it lends itself more readily to auto-construction (self- 
help). It also permits utilization of less expensive in- 
digenous products such a: 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 priar 
to being embedded into the ground. The length 
of embedment required to resist wind-induced uplift 
or overturning and tdprovide adequate bearing is 
determined by local soil conditions. Figure 2shows 
footing schemes for the poles and for the dimensioned 
timber post used as an alternative. Note that 
shallower embedment will require more substantial %. 
footings for the same level of fesistance against wind- 

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

.n 

Sidle the poles are the main pillars of support fo* theb 
superstructure, they should preferably extend to the 
top and be procided with adequate connections at the 
roof and at the flodr level. Because gf their unsup= 

‘ported length between the raised floor and the 0 
ground, these poles should be proportioned t,o pro- 
vide adcqyate flexural ?esistaElce to lateral forces in- 
duced by extremewinds. If this is not altogether feasi- 

------ ble~fron; a practical design standpoint, vertical1 cross- 
bracing made of wood, bamboo or wire cable should 
‘be introduced to tie the poles togethea below the floor 
level. Cables and various tieaown straps used in the 1 . 
Wnited States to protect mobile home install&ions ., 
againsi extreme winds should also be explored for use 
in btiildirlgs cm poles to provide additional stibility 
against uplift and overturning forces. Infarmation on 
availabletiedown and anchol;ing devices may be ac- I 
quired frcjrn the Manufacfured Housing In,$icyte.Z 
Design p&visions for mobile home tiedowns are 
prescribed in Chapter 6 (1974) and appendix? (1975) ’ 
of ANSI A119.1141, and reference 151 supplies 

, guidelines for their design. Section 3 discusses g 
.fasteners used in pole-type housing. Supplementary 
information on-pole-t-ype const,ruct-fon and tke struc- 
tural use of bamboo may be acgu~i:@ by consult@ 
references 161 and [7]. 

‘- \ 
0 

‘Manufactured Housing Institute, P.O.-Box 101, Chantilly, 
* Virj$nia’XPi. 
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1.4 MASONRY BEARING WALL SYSTEM 13 TIMBER WALL SYSTEM 

NW 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 
reinf~c~ment without the need of addtional wythes. 
Note that%tqnate sc.hemes are available for con- 
structing lintels andqeripheral (or collar) bond beams. 
They are indicated in ‘th’e-samefigure for generality 
and convenient referencing pur$&es,+ 

‘T..< 
--- -. ;- ,_, 

It was noted earlier that the type of masonry drs---- 
cussed in this report is generally representative of 

__ 

masonry housing construction in developing coun- 
tries [l]. This makes it unnecessary to conside,r 
diverse masonry 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 z-does con- 
sider one additional masonry system (generally re- 
ferred to as an “rnfill frame”) which consists of a con- 
crete frame with masonry fiuer walls. 

Figure 5 shows a partial view of a timber “stud” wall 
system. The studs or “verticals” transmit gravity 
loads and the vertical compotient 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 w 
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. 

. 
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Facing Page: These reinforcing bars add strength to the 

building frame and insure a positive connection between 
the roof and walls. 



‘4. 

I 
‘G, 

‘# 
4: i. 

4-Y i 
Irh..?;. 

-l... .‘. . ‘, I, 
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practices in developing coun- 
tries experienking high winds, a study of current 
masonry pra/tices in the U’ ited States relating to 
high winds nd earthquake 

f 
T with a discussion of 
k. various types of masonry connectors em@loyPd.in 

i; such const uction, and geneial and specific recom- d . 1 
mendatiofis for improving high wind response of 

uildings in developing countries through 

i 

of existinglonnector technology, 
‘i . . 

2.2 TYPES OF MASON& CONSTRUCTION 
‘--.. 

‘y /’ 
/ i ’ 

Mavnry bearing walls used in low-rise buildings in 
developing countries ar$ commonly built with hollow 
concrete masonry units. Figure 6 shows some of the 

+== 
common types of masonry units used in the United 

-States [B]. Although the standard unit shown has 2 
cores, 3-core units are also quite common in the 
United States as in the Philippines and 
ing countries. In running bond 
joints staggered), it is 
cal reinforcement through the 
cores are in vertical alignment. They are also more 
modulai,than the 3-core units (less number of shapes 
and sizes are required in constrJction). For additional 
information,,detailed classifications of concrete 
masonry are found in ASTM Designations C90, C129, 
C140, Cl45 and C331[91. 

Masonry units are laid in mortar which acts as their 
binding agent. Prevailing types of mortar in the 
United States are cement-lime-sand and masonry ce- 

nd mortars. Diffqrent proportions of the con- 
types will produce different strength 
ard mortar designations, such as 

are-used for the appropriate mortar 
. . . . _ iding to the range of constitutent 

proportions, 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, 
C109, Cl JU, C144, C157, and C207[9]. 

Masonry walls are classified according to type of con- 
struction and intended use in a building. A single 
wythe wall has one masonry unit in its thickness. A 
mulfiplt wijthe Gall 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 contiguo.usly 
with the spacesbetween the wythes, called collar 
joints, filled with mortar or grout. To insure 
monolithicaetion_of the assembly, additional bonding 
is effected by the use of metal ties laid horizontally in 
bed mortar gcross the wythes at periodic intervals 

throughout the height of the wall. A cavity wall is 
identified by a continuous vertical air space between 
any two apjacent wythes and by metal ties laid as in 

s composite wall construction and connecting the-two 
wall sections flanking,this space. Reinforced masonry 
walk built with solid unfits are reinforced by placing 
steel bars, vertically and/or longitudinally, as needed, 
in the spacebetee?-i consecutive wythes and by 
grouting this sl%ce. In hollow’block-ivalls, 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 
by their intended function in a building. A load-bearing 
zc?alZsupports the vertical loads above it, in addition to 
its own weight, with or without the aid of a vertical a 
load-carrying space frame. A nonload-bearing wall sup- 
ports no vertical load other than its own weight. A 
shear zuall resists planar forces induced by exterior 
horizontal loads acting on a building. A curtain wall is 
a non-load bearingawall, built outside the building 

*‘frame and not entirely supported at each floor. A 
panel wall is 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, connect d to the interior layer,. 
and/or to the primary load-sup b rting structure by 
horizontal ties. Veneer is generally designed to be 
non-load bearing. A pier is a masonry wall segment 
flanked by two adjacent openings dr 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 wallsmay 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 er&ed 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 masdnry 
systems considered in this Volume. 



2.3 ANALYSIS QF WIND DAMAGED 
BUILDINGS P 

Figures 8 to 17 exhibit buildings damaged or destroyed 
by recent hurricanes and typhoons. 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 car- 
rugated iron cover, and a continuous foundation wall 
of cast concrete. . 

7% 
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. 5d). Instability of the 
trusses, few of whichkwere still standing, was at- 
tributed to the loss of purlins and the absence of,other 
longitudinal braciiig between the trusses. The collapse 
of the masonry walls as shown in figure 8 was 
likewise attributedTo thelossX&teral 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 anchorage 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-holesffig. 9). The masonry 

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

\ . 
“1, 

the top Itig.SfiTliEthe wood posts were the only 
vertical load-bearing elements and with the loss of the 
‘roof many of the corner posts rere tipped over (fig. 81. 

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. An in- 
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 
t-J&w .- . . . $.&-&&-g&&+Je~~ ---. ;~ ‘EL 

of the roof to function 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 iemoved 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 

9 

. 

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 cJle 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 represented engineered masonry construc- 
tion with respect to the quality of workmanship and 
adherence to Australian masonry codes and standards 
(which are comparableto those in the United States). 
The Darwin experience demonstrated that com- 
pliance with current standards does not necessarily 
prod-uce 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 associated 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 -- 
concrete block wythes with acavityinbetween. 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. 
i’ 

Figure 16 shows an infill wall construction with a 
steel frame and concrete masonry filler walls, There is 
no visual evidence of anyreinforcement having been 
used in the filler walls. Note the severity of vertical 
cracking through t& wall on the right and al!& the 

=- l%t+X%&‘t%steel column and the wall at 
the left. It is not possible to establish by examination 
of the fi&re whether there were any connectorsbet- 
ween thesteel columns and the filler walls. Figure 17 
shows the portion 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 likeiy that failure was caused by 
the movement of the window frame, prying the top 
course loose from the rest of the wall. 

I- 

_ -.-. 
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&4 MASQNRY CONSTRUCTION-IN ‘, 
‘\, DEVELOg!NGCOUNTRIES - 

The’kQJlbwing discussion$ertains to masonry build- 
ings reprqsevting the types of cbnstruction used in 
developing countries. Local’p;actices, utilization bf 
building products, standards compliance, etc., are dis- 
c&ed and evaluated ivith the iid of exhibits of build- 
i&gs at various levels of completion. * 

_ .( - ~~~~~-- .___ . 

I l\_ 

of opeii>g, and 
concrete block reti- ” 

the metal window 

Figures 18 and 19 show.two different stages of con- ’ 
struction of a single family house lo&ted in Central 
Luzon, the PhilippFnes. The walls ar.e built with 3- * 

frame is fitted into t,he opening. probably the window - 
frame is relied,,upon to ca;r”y’khe weight of the lintel’ ~ 
above it inaddition to any loads transmitted from the 
roof. It is not known whether any horihntal n 
reinforcement was placed in the coyrses above the ’ 
lintel; none appear to be projecting into the adjacent, 
corner qolumn. 

core concrete block units (some of which map be,seen 
lying on the ground in dig. 18). The units ai& laid. in s 
stacked bond to permit placement of reiriforcement 
through the vertically aligned cores. On the basis of 
figure+ 19 t.he quality of masqpry construction is 
deemed inferior by existing masonry standards. *me 
of the deficiencies noted are: (1) use of defective w&+-- __~ ._. 
&!I par&‘illy filled>n&ocuniform mortar jgints, (3). 
insufficient horizoi%al reinforcement for stacked ‘ti 

@othel: example of reinforced masonry bearing”wall 
construction used in theC&tral Luzon area of the 
Philippines is the house sho&in figure 23.-Althbugh 
it is quite similar to the first systems discussed above 
(fig. @,-there are some major differences that make it a j: 
more viable system structurally. For instance, the LIP 

intqgrally with the bond beam (figs. 25 -._.- ‘_- 
Fbette; integrity to.Jhe.qst-em. Mkeyise, 

“b,oFd construction? a_nd (4) insuffi&nfFiciinteLreinf~rce-ma 
ment above the openings. It shouldbe,pointed out, 

3 . 

however, that this system utilizes a peripheral*con- 
orete bond beam cast directly above the li,ntel course \ 

thehiprciof IS esZZnfia@-~-~pace truss which has a 
better diaphragm capability because it is braced in ’ 
both horizontal directions. Also note that the amount 
ofrelniorcement (fig. 2q-is~moresubsrantial, the ~~~~ 
masonry and workmanship is of a b&ter quality and 
B’etter connections are &ed between the roof and wall ” 
elem* -.- e common inherent. weaknesses are: the 

(see,,fig. 18). From the standpoi_nt of overall structural. 
integrity in a severe wind environment, attentioqis---i- y-e 

--of slender columns m?de by st.a$ing single unit=s 
.(fig. 23) and excessive projections of the roof over- r 

drawn to the practice of using large roof oy&hsigs 
which are padicularly susceptible to wind damage as 
they are Subjected& a positive pressure from belbw _ 

__- - atid suction from above 121. A potentially critical con- 
dition also exists in the masonry column suppdrting a 
larger overhang at the corner of the &iding. Unless 
substantial top and bottom anchorage and vet&al 
reinforcement is supplied in the column, which is not 
likely to be the case, given tkb’mited available core 
space in the single unit section, th re is a high p”ro- 

\ bability that the column will fail un&ythe impact of 
windborne missil-es and /or uplift forcegexerted by 
the roof in a severe windstorm. 

Figure 20 shaws completed single family house in 
another project located in Cefitral Luzon, the &&.ip- i 
pines. Figures 21 and 22.display the infill wall cob- 
struction of a typical unit which is judged to be 
sup’erior in the overall quality of consl’ruction a’s well 
as wind-resistant capacity to that shown in figure 18. 
Structurally sound features+include: (1) the use of run- 
ningbond (vs. stacked bonh) masonry constructionlwith 

’ vertical and,horizontal reinforcement, (2) adequate 
cqnnections-between neighboring elements apd (3) 
.the practice of casting the column concrete after com- 
pletion 6f the infill walls. With regard to item (2), note 

’ ‘for instance, in figure 21, that.the vertical barb extend 
beyond the top dfth&coKiri%ilind~the wal 
connectio,; to the roof. A structurally mar 
tice.identified by reference to figure 22, is 
in which the lintels are built. A wood for 

. . 
. -.. 

Fcgirre 27 shows a house built in Bangladesh by CARE, 9 
Inc:, consisti,ng of walls and pilasters built with cinva- ;; 

1 
‘, ram’-m.asonry units. The wall footings are built ’ :I 

wider than the walls and are raised above groLind to :! 

protect ihe 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 construction is‘the difficultf;of reinforcing it G 
economicall$..Since cinva-ram units aresolid, double 0 
wythe walls a&needed for the placeGent of bars. 
This can be com&psated to a certain extent by using- 
thicker walls buil\ with lalger units. 

--+ ‘0 
The foregoing case studies, which were based on in- - 

. forma&on gathered from field surveys of ongoing Q -? 
construction projects, indicate the need for a broader 
dissemination of existing literature’on buil*ding con- 
struction practice to the public. The reference section 
lists so&e of thii information that is available through 
local sources such as the Philippine Standards? 
Association-l-l-5&o-1.8.] ..,. t.heA$@~~.~~~-of Siructura.1’ ,” 
Engineersof the Philippines 1201, the PhiI:l”ppin&“ J 
Bureau of Standards [i13,141, and the,Caribbean Coun- 
cil of Engineering Organizations 1271. 5 5 

0 ._._- _-- __ 
.=-.~ 

‘Units made by pressing a-mixture cbnsisting mostly of clay’ 
and cement intorectangula’r units which are then dried in 
the sun. 

10 : L 
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-' ~.~M~SONR~PRA.CTI~ESINTHEGNITED 
.--STATE? ,J' 

$&o anchor bolt applications: (a) anchorage of sill to 

I *.;h asonry.yall and(b) a chorage of stud wall to masonry 
P , ” 

2.5.1 Availa&*Masonry Connectors 
” * ‘&all. Also consult figures 55 and 56 w’hich illustrate 

I’ 
\ 

the use of anchor bolt$to connect a stud wall 

0: 
Among the broad variety of connectors available for 

system to cast concreteslab footings and concrete 
.! 

masonrv. foWs - .~ -.-- -- “I use in masonry construction, a significantly 
Figure 31 shows reinforcement designed for place- ’ F- 
ment in the,‘ 

P 
orizontaljointsof masmrywallsThf- ~~~~ c- 

two common shapes are the truss and the ladder 
shown in (a) and(b), respectively. This reinforcement 
is fabricated from light-gage, cold-drawn steel and 
consists of two longitudinal, rods welded together by 
cross rods. Joint reinforcement is used as a means to 
prevent or control cracking in masonry walls and to 
improve their tensile strength in,horizontal flexu;.e. ~~ ~~~~ ~--- 

Figure 28 shows a variety of metal anchors used totie The use of joint reinforcement is strongly’recom- ’ 

masonry walls to interconnecting el.ement$. Tiebars mended in walls of stacked bond construction which I 

i_ 
d. come indifferentsizes and shapes for divlrse applica- are prone to developcracking in service along the 

tions. Where used to provide lateral support between . vertically aligned mortar joints. A good practice” is to 

ii abutting bearing walls, 6-mm (l/4-in) tiebars with’end use them in alternate courses in stacked bond con- 

‘; hooks are typic;lllv 
. 

. illte~mmllrCPCIrr!th L . ‘% structiOnryt&&ounse in ~WW&&XH& 

*-- 
the bent ends embedded in cores filled with mo,rtar or 
groutasi&%trat$ in figure 29(c). A twistedbariwith- 
Gut end hooks is used to tie floor or roof joists,tojt& -d-e -. 
concrete n&onry bearing surface as shyn$lgure 
29&j. These jo?sts are supported lateGly, at/specified 

tervals, by the masonr)i~&lls of the sam 
/ 

orienta- 
tion, with t@l&s& indicated in figure 29 (a). Tiebars 
used in pairs provide an effecti>v meanS/of anchoring 
the roof to the walls. At the top. 

1 

e hooks ale lapped ,/,’ 
and nailed to the rafter or the to’ chord of the roof, ” 

are em edded in concrete 
. bond beam or, -ce of a concrete bond beam, 

e concrets blocks’ln the top 
rs can also be.&ed for this 

purpose. In either case, proiercare should be exer- ” 
_ cised to protect exposed metal surfaces against corro- 

,i i 

sion. . 

Plain or corrugated dovetail b”drs shown in figures 
28(e) and(g) a&made of lighter gage metal than the 
tiebars an-d are used to tie masonry wallsto walls or _ 
columns. These anchors require,special metal duct in-, 
‘vrts in the concrete+to receive the dovetail end in in- 
t&tlock. Although doyetail anchors aregenerally 
de&gned for non-load’lx;<ring masonry wall connec- 
tions, they providesome measure of resistance against 
pullo+ forces. The corru’ ated dovetail tie with an 

$ end hook showTn in figurey28(f) provides an effective 
mepns of anchoring door and windbw frames to the 
masonry tialls. , 

?, 
: 

Anrhor bolts such as the one ;‘hown in figure 28 (h) are 
mainly used to connect wood elements to the masonry. 

;The bent end generally’gives mo$holding 
“- power for the same length ofembevent than the ; 

head of a standard straightbolt. Figure\ 30 illustrates 
I r’ 

1 .; I 
\’ 

v. construction-Special prefabricated units are also 
available’?or continuous reinforcement around cor- 
ners as in figure 31(c) and (d), and for tying abutting 
walls and partitions as in figures 31(e) and (0. .:_ ~ ~~ 

There.are a large number of manufacturers of masonry 
-connectors. The bes$source of obtaining namesof 
ma’nufacturers is T~e~Thomas Register 1261 anod the best 
source of obtaining product information .is The SweeiS 

’ (ndustrial Construction Catalog 131. The pertinent data” 
-supplied by the manufacturer include descriptions of 
the available products, their application, technical 
data and level of accep.tance by building regulatory 
agencies. *I 

2.5.2 Availab!e’Technical Infgrmbtion * . 

‘= The design and construction of masonry,buiIdings are 
iv 

governed by the provisions of various regulatory c 
documents. Among these, the principal one for con- ” 
Crete masonfy is the NCMA Specificationi which 
cdmes with a Commentar.y 1241 giving the rationale L 
behind its provisions..The AC1 Committee 5-y report - 
1301 contains profiosed recommendations ior c’ ncrete ( 
masonry structures that have been referenced b x 
Jamaica% sources 111. This committee is currently pre- 
paring a revise&ode for concrete masonry. Provisops 
for,masonry in ‘general, are prescribed in ANSI . 
A4 131 J a’nd the Uniform Building Code J321. 

Inf rmationof a less technical nature is contained in 
ref 6 rence 1331 published by NC!MA, which provides ” 

1 

guidance for vocftional training in concrete masonry. 
NCMA also publishes a TEK series [34j which sup- 
plies techyical.information on design?, constructjoE __... ..__... ..~ ~. -- 
and detailing aspects of concrete masonry. 

. 

1 ‘.a . 
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Experimental and analytical research work on con- 
:, 
: tant aspects are: 

--1.. 4 

crete masonry conducted at the’National Bureau of 
Standardsis described in various publications med,ia 
with the more recent-ones included in the reference 
list 13.5 to 391. Additional sources of information on 

’ 1. Use of peripheral bond beam connecting all 
load&raring masonry elements together. Alter- 

b; 
nate construction schemes include the use of a cast 

concr’e~ma,sourylrelafPrlcesare-a~!? 
.: concrete beam and the use of bond beammasonry --- -- - , _ 

to 461. . 

.’ 2.6 SrjGGESTED IMl’@OVEMENTS IN 
* “ii MASONRY CONSTRUCTION 

2.6.1 Utilization of Available Connectors 
____ - - - 2. 

Improvementsin building construction can be ’ 
le.ffected through better utiliiation of available measonry - ~- 
connectors.The methods include~the useoYt’-ebars ~~--~- ti 

+ _~ - 
-as an expedient means of anchoring masonry walls 

/’ together as well as to roof and foundation elements. 
_‘. Bars of 3 to 6-mm (l/8 to l/4-in) thickness which > 

units through the top course (fig. 4). Both schemes 
permit placement of horizontal reinforcement to 
acl$e~&~ttiy iii++g+t-y-atttretop. !‘$~&&-fl 
be mentioned that a substantial-bond beam 
relieves the walls from resisting forces in out-of- 
plane flexure and supple’nients the diaphragm 
rigldjly of&e roof. 

.* . ~.~ ~~ - 
Use of appropriate lintels and connections be- r 
tween lintels-and the rest of the walls. dlternater- 
cast-in-place and preca>t lintels are indicated in”‘ ~--- 
figure 4. A most effective means of achieving con- 
tinuity of lintels is tocast them integrally with the 
bond beam as indicated in figure 25. 

. 

x 

should~be locally available in many developing coun- 
tri&can be bent or twisted to give them the desired __- 

---j;econhguratron by labor-6&nsive methods much in the ,a 
v same manner as is employed to hook reinforcing bars 

,..-’ in the field. 

The need for adequate diaphragm capability of 
the roof cannot be overemphasized. The roof 

3. 

-T “’ &’ ’ *I system should Freferably be braced in bpt direc- 
T?%F ’ &J@ns to achieve a measure of diaphragm .r/igidity , 

,_ which is needed to transmit lateral wind leaps to : 

it was previously noted that cob-~.e-cctidneeffected by.------,--- . .._.-- - _____ __-- -- 
trebars may also be accomplished by +Zrg plain or 
deformed reinforcing bars which are,generally more 
readily available than tiebars. To bdffective, 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- 

the approp.r.\aLe-tehea.r walls.he~rr-w,--------- L .__. ..^_. L. ----- 

4. The use of slender vertical elements such as those 
built with single stacked concrete masonry units 

>Q to protide columns for the support of large roof 
overhangs at reentrant corners or landings should 
@ avoided in a severe wind environment.rhis 
bestriction is necessary because these elements are 
highly susceptible to impact by flying debris and 
uplift transmitted from the roof. 

netting rod element and be secured on both sides by 
straps nailed to the wood. 

5. -Large roof overhangs serve as vehicles for attract- 

-. -.- ‘mgand transmitti-nghigher uplift’forcestothe- - 

‘; To provide anchorage between intersecting walls, 
a reinforcing bars formed into aildop or hooked at both 

ends may be placed in bed mortar for constructions 
without using bond beamsasi~ndicated in figures 32(a) 

--~~ and (b). Where bond beamsare utilized, a more subs- 
tantial anchorage may be eff&ted by bending and ex- 
tending the bars into the neighboring walls as indi- , 

i- - r____ 
cated in figures 32(cI and (d). Likewise, walls may be 

: ’ j : connected to the foundation by dowels embedded in 

f the foofinglbent dowels are preferable) and extending 
into the grouted core of the wall and lapping with the 
vertical reinforcement. 

../ 

6. Overall integrity of the system should be assured 
by providing continuity between vertical wall 
reinforcement anel the roof and foundation - 
through appropriate utilization of reinforcing 
bars and anchor bolts and by providing continuity 
between intersecting walls by means of tiebars 
and/or horizontal reinforcement grouted within a 
ond beam course and e&nding into the 

- 1 

eighboring walls and partitions. 

7. he use of infill wall construction in building 
ystems under a severe wind environment should. 

system and therefoye require more substantial 
construction provisi&s against high winds. Con- :a 
s’iderations such as aesthetics, shading provisions 
and social preferences of dwelling environment 
should be traded off against practicability of 
design and increased costs associated with such 
practices to arrive at a reasonable compromise. 

. 

,X6.2 Improved Construction Practices in 
Severe Wind Environment 

Improved structuralresponse in a severe wind en- 
vironment may be achieved through practices which 

..- have been identified through past records to be more 
effective during natural disasters. The more impo&r- 

i’ 

\ , 12 I 

e encouraged. The masonry infill walls should be 
aid first on top of a%ast,concrete wall’footing and 

7 

,a 

‘1 I 



-_ _-- - 
----- /-------- , 

I 
7dked.to ti-by means of dowels lapped-a suffi--- 

I 
- -- --. -. -- -. .~~ -. .~ _ 

cient distance with the vertical reinforcement 
placed into the grouted cores of the hollow blocks. 
Horizontal and vertical reinforcement shtiuld 

a project from the sides and top of the filler walls to 
---axon-ttrrnitywittrth-e-surruundingcorrcrete ___ __ __ -_ __- .--- ___.- -. ____ - ~ng~t&&+ver~i~~--.-~- - !-------- --- 

frame which should be cast last. . 

- -- 
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; FIGURE 7- TNFILL WALL MASONRY CONSTRUCTION. 

FIGURE 8 COLLAPSE OF ONE-STORY BUILDING 
CAUSED BY THE NOVEMBER 1974, 
TYPHOON IN THE PHILIPPINES. 



._ .- . -- -- .%... ~~.-~ e 
I 

CAUSE 
THE PHILIPPINES. 

XKXJRE-9 FAILUREOF-METAL ANCHOR 
PLATE IN BUILDING 
DESTROYED BY NOVEMBER 
1974 TYPHOON IN THE 
PHItIPPINES. 

D j3Y NOVliMBER 1974 TYPHOON IN 

% 



FIGURE 11 SINGLE FAMILY HOUSES DAMAGED OR QESTROYED BY TYPHOON IN 
NOVEMBER 1970, IN CENTRAL LUZON, THE PHILIPPINES. 

.a 

,, ,_,_ ,, . ,. ._I. 
./ 

FIGURE 12 SINGLE FAMILY HOUSE . 
SHOWING COLLAPSE OF ROOF 
AND EXTERIOR WALL DURING 
THE PHILLIPINES TYPHOON 
IN NOVEMBER 1970. 
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FIGURE 13 

i 
--- 

INTERIOR DAMAGE OF 
SINGLE FAMILY HOUSE 
CAUSED BY THE 
NOVEMBER 1970 TYPHOON 

mmun--.-- 

c 

c 

FIGURE 14 RESIDENTIAL BUILDING IN DARWIN, AUSTRALIA, DESTROYED BY THE 
DECEMBER 1974 CYCLONE. 

l 
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FIGURE 15 BUILDING OF CAVITY WALL 
CONSTRUCTION IN DARWIN, 
AUSTRALIA, PARTIALLY 
DESTROYED BY THE 

-DECEMBER 1974 CYCL-omE’ -- ---~ ~~ ^- 
/‘, . 

FIGURE 16 BUILDIN IN DARWIN, AUSTRALIA SHOWING PARTIAL COLLAPSE OF 
ROOF AND MASONRY INFILL WALLS CAUSED BY THE DECEMBER 1974 
CYCLONE. 



-FIGURE 17 FAILURE OF CONCRETE BLOCK MASONRY WALL IN BUILDING 
SUBJECTED TO TH% DECEMBER 1974 CYCLONE IN DARWIN, AUSTRALIA. 

FIGURE 18 SINGLE FAMILY MASONRY HOUSE UNDER CONSTRUCTION IN CENTRAL 
LUZON, THE PHILIl%‘INES. 

” 



FIGURE 19 STACKED BOND CONCRETE-MASONRY WALL CONSTRUCTION FOR 
SINGLE FAMILY OCCUPANCY IN CENTRAL LUZON, THE PHILIPPINES. * 1, 

.T 

FIGURE 20 SINGLE FAMILY HOUSING DEVELOPMENT IN CENTRAL LUZON, THE 
PHIfIPPINES. __ 
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FIGURE 22 CONiTRUCTION OF SINGLE 
FAMILY HOUSING UNIT IN 
CE TRAL LUZON THE 
P J ILIPPINES, SHOWING 
CONCRETE MASONRY FILLER 
WALLS AND REINFORCEMENT OF 
CORNER COLUMN. 

E :IGURE 21 

. 

CONCRETE COLUMNS ITH 
x CONCRE,,TE MASONRY i FILL 

WALLS BEING CONSTRUCTED 
FOR SINGLE FAMILY DWELLIN 
OCCUPANCY IN CENTRAL’ 
LUZON, THE PHILIPPINES. 

G 
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FIGURE 23 RtINFORCED CONCRETE MASONRY DWELLING UNIT IN CENTRAL 
LUZON, THE PHILIPPINES. 

FIGURE 74 REINFORdD CONCRE$$ MASONRY WALLS UNDER CONSTRUCTION FOR 
HblJSING IN CENTRAL LUZON, Tl1E PHILIPPINES. 

_ , &, _r A--- --* 
, 1 



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 
CONCRETE BOND BEAM DETAIL 
OVER OPENINGS. 



FIGURE 7: CARE SrONSORED HOUS-ING I’ROlECT NEAR DACCA, BANGALADESfj 
SHOWING CINi’A-RAM WA1.L CONSTRUCTION WITH CQRRUGATED 
METAL ROOFING. . 

* 
, 

. 

FIGURE 28 VARIOUS METAL AhiC1{ORS: (a), (b) 1‘1EH.4RS WIT11 FND IIOOKS; (c) TIEHAR 
WI-TH HOOK AND SPLIT IlOOK; (d) I IE RAR WITH 90” TWIST: (e) , 
CORRUGATED DOVETAIL -JIE;(f) CfX&!_i_UC;ATED TIE&~Df~VETAIL TIE 
)rVITH HCjOK;(hj%?%iiR BOLT. 

-- 
__ ~ 
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FIGURE 29 APPLICATION OF METAL ANCHQRS IN MASONRY CONSTRUCTION: (a) 

TIEBAR ANCHOR TO WOOD JOISTS; (b) TWISTED ANCHOR CONNECTING 
WOOD JOIST TO’CONCRETE MASONRY BEARING WALL; (c) TIEBAR 
ANCHOR CONNECTING CONCRE?E MASONRY INTERSECTING WALLS: ’ 

Length Conversion 

1 in = 75.4 mm 

1 Sill ’ 
1 in = 0.0254 m 

’ \ . . d 

pbce we ween or metal lath I” 
jam, under cores to be filled to 

prevent filling of cores below. 

Rake out and caulk 

and‘32” O.C. max. 

WOOD STUD WALL 

FIGURE 30 APPLICATION OF-ANCHOR BOLT FOR MASONRY CONNECTION: 6) 
CONNECTION OF SILjL PLATE TO CONCRETE MASONRY BEARING WALL; 
(b) CONNECTION 0~ CONCRETE MASONRY WALL ‘rq WOOD STUD WALL. 
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.FIGURE 31 JOINT REINFORCEMENT INMASONRY WALLS: (a) TRUSS; (b) LADDER- (c) 
AND (d) PREFABRICATED CORNER SECTION; (e) AND (f) PREFABRICATED 
TEE SECTION. 

Outside bars exlend aro~ 
corner-inside bars 
extend as far as poss,ble 
B bend into corner core 

EXTERIOR WALL 
BOND BEAM 

Cc) 

Length Conversion 

1 in = 25.4 mm 
I in = 0.0254 m 

rnd 

/ 
.- 

around vertical bars 

L 30 bar dmn c; 
I ml”Hyn 

BOND BEAM 
AT WALL INTERSECTION 

Cd) 

FIGURE 32 HORIZONTAL REINFORCEMENT BETWEEN INTERSECTING MASONRY 
WALLS: (a) Am(b) WITHOUT BOND BEAMS; (c) AND(d) WITH BOND BEAM 
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sources for commercially available timber connectors, 
existing timber-rtelated building practice in the Philip- 
pines, and identification of good and poor timber con- 

.nector practice. It also presents recommended prac- 
tice, including connectors that can be fabricated‘by the 
indigenous people. 

3.2 AVAILABLE TIMBER FASTENERS 

3.2.1 Nails, Screwy, Bolt‘s, and Lag Screws / 
These common mechanical fasteners for wood come 

, in many varieties. A variety of nails is shown in . 
figure 33. Some may be used for several purposes 
while others are intended for specidl purposes. 

z. - 
In general, nails resist”or transmit smaller loads than 
screws, and screws resist or transmit smaller loads 

- _...... --- 
than botts or lag screws. However, because &heir‘- 

’ smaller size, more nails can usually be used in a jGint. 
A good source of information on the design of&ints. _ -_A.-- 

- 
with suc,h fasteners is the National Ues’@$ecification 
for Stress-GmdeZumber and 19s Fastenings by the Na- 

.=.~ it-ional Forest Products Association [47]. 

There are a large number of manufacturers of such 
-_: -fasteners. The best source for obtaining names of 

r manufacturers in the Thomas Register of American 
Manufacturers and Catalog File [26]. 

These manufacturers can provide catalogs which 
describe the fasteners they manufacture along with 
the intended purpose for each. 

3.2.2 Timber Connectors 

Timber connectors’generally refer to split rings, shear 
plates, and toothed ringstfigs. 34,35, and 36). These are 
intended primarily for hea,vy [members larger than 
100 mm (4 in) thickness] construction and usually 
result in bulky joints. Special tools and skills are 
needed for properlyconstructed timber connector 
joints. -.. 

Split rings a.nd toothed rings are used for wood-to- 
wood joints, 2nd shear plates are used for wood-to- 
steel joints: and sometimes for wood-to-wood joints. 

\ Proper joint design procedures and loads can be found 
in ref. [471. 

Manufacturers of timber connectors as listed in 
Thomas Register are as follows: 

(1) Simpson Company 
1472 Doolittle Drive 
San Leandro, Califoznia 94577 

(2) Woodmack Products, Inc. 
852sAldo Avenue 
Santa Clara, California 95050 

, 

3.. 
. ,T._,~ 

‘_ 

cka 
‘, 

(3) Timbet Engineering Company- - I’ 
5530 Wisconsin Ayenue 
Washington, D.C-220015 

(4) Kees, F.D., Manufacturing Company 
21 High Streef’ 

m 

Beatrice, Nebraska 68310 
(5) Cleveland Steel Specialty Company 

14442 Industrial Avenue, . 
South Cleveland, Ohio 43228 

’ 3.2.3 Truss Plates 

These fasteners are made of galvanized sheet metal, ‘<I 
usually 20 gage, intended primarily for use as gussets 
‘for light timber [members SO mm (2in)-thickJ f’russes. 
the plates may be obtained in man) sizes of rectangu- 
lar shape. Their means of transferr&ng load vary from 

~~ the use of nails in punched holes, plugs oibarbsof 
different shapes, to-teeth of different shapes and i. 

--lengfhs.&&rre37 shows’some typical plates.. 
i 

Procedures for designing with these plates are pre-’ 
sented in Design’specifications for Light Metal Plate 
Connected Wood’Trussesby the Truss Plate Institue [48]. 
This publication also lists 11 manufacturers which are : 
members of the Truss Plate Institute. 

Detailed description of the plates and design loads can : 
be obtained from the manufacturers. 

. , 

3.2.4 Sheet Metal Fasteners and &her Special 
Devices 

; 

These fasteners include such items as joist and ’ earn 
P 

: 
hangers, framing anchors, rafter anchors, post, : 
anchors, etc. (fig. 381, which are made of galvanized : 
sheet metal and which require fastening to theifram- i ’ 

.“r 
ing wrth nails or screws. I / ’ 

‘9 
A good reference for descriptions and specifications : 
of these fasteners is Products in Action by-the Timber t l 

Engineering Company [49]. 
-< I 

-. 

Some of the manufacturers of truss plates also T,ake ;’ 
certain types of special fasteners for use in frampng : 

* applications. 
i 
\ 

3.3 PHILIPPINE TIMBER-RELATED 
PRACTICES 

i 
F 

Timber-related building practices in the Phi4ippine.s 
can be divided into three general categories- ; 

$ (1) -Pole-type construction in which poles are set 
:-,. ‘into the ground to serve asfoundation and ex- 

*/- 2.3 
<- ’ $end to tge roofjfig. 39). r ,Y 
4,. 

, “.,J 1 * 
.L- , C: 3 

Lr 
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(2) Concrete slab, perimeter,‘or pier foundation of 
concrete or masonry with wal! ana roof2am- 
ing of wood (fig. 40). 

(3) Concre.te slab or perimeter foundation support- 
ing masonry or cast concrete walls, and a _’ 
wood-frame roof (fig. 41).+. 

,.j 

3.3.1 Pche’Type 
I J 

This type of construction is well suited to high wind 
_- -..~ areas+z&setheXii~~t~uctural member, the pole, 

.  I  

serves as the connecting link between all other strut- 
turai members. If the poles are set 1.2 
into the ground, they serve as 
ing, For long ljfe, all poles 
resista,nce to decay and insect attack. “’ i 

Roof framing members are either’round or sawn tirn-.-l- 
bers. In remote areas,they-r&y betied together-with 

Y strips of bamboo (fig. 42). This type of connector ap- 
. n pears to provide good resistance to wind forces. Nail- 
v ing is also effective if nails are loaded latefally 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 noway 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 
I 

Wood-framed walls often have a single covering 
material. It may be applied to the exterior of the I 

’ building or set bet.ween framing members. Anchor 
bolts are used to tie the wall to the foundation. Where 
812 foundation‘is concrete block, the anchor bolt 
should extend through blocks into the footing. If the 
h&use is anchored onl‘y to the top concrete block,_this 
bl 

1 
ck may be pulled from the foundation and moved 

with the house. 
! - 

Coi&ing material applied on the outside of the fram- 

ing (fig. 44) $iotects the wall framing and connectors 
tro$n rain. W$lls with the coverrng set into the tram- 
ing have a greater potential for trapping water, and 
th& promoting decay. Anchor bolts on the outside of 
the wall are particularly susceptible to trapping water 
(fig. 45). 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 dram from it, and 
the jo’nt with panel materials should b: caulked. 

4 
Roof $aming is either nailed to the top of the wall or 
secured with sheet metal connectors. Good nailing 
should hold down the roof framing, but sheet metal 
connect$rs provide a stronger joint and have less 
chance d,f being improperly nailed. 

\, 
’ 

. I i 
\ 

/ L 

_ 
3,3.3 Masonr,y Wall 

. 1’ 

@-re method of tying roof framing to a masonry wall 
is to cast reinf$rced concrete columns at all corners 

7‘ and at intermediate locations on long walls. Reinforce- 
! ment is tied to the foundation and extends above 

the columnsso that it can be attached to a wood beam 
which extends com,pletely%ound 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 . 

I nails to be pulled out when anything but a direct 
uplift force is exerted on thest+ap(fii:~&~--- ---------.-- - 

; 
A sheet metal connector that can be nailed to both 
sides of the tatter and bea?nlwould prevent the type of .* : 

f .--failure-causedby rotation.i.4 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- 
nectars or bolte& joints. In some Iarger 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 are,,wd:some type of collar tie is im- 
portant to keep the roof from dividing&the peak ~_ ._ 

(fig. 47). Ceiling joists, well nailed or bolted to rafters, - 
prevent 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 SO mm (2 by 2 in) 
nailed to the purlin and the rafter (fig, 48) provide a 
stronger joint by loading the nails laterally. 

I 

3.3.5 Roofing 
‘L I 

The major roofinr 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 strap is bent at a 90’ angle, and the bent 
portion is riveted to the roofing.-Thestrap 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 can be 
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 i&he 
connector, 

, Figure 50 illustrates the effectiveness of having 
tiedowns symmetrically loaded. A wire was tied to a 
nail in the bottom of the purlin, punched through the 1. -.. 

29 : 
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,$ roofing; wripped over thepurlin, and tied back to t$ 
t ,- i nail. This tie held well enough that the purlin-to- 
I i . i :raft r connection failed before the roofing connector. 

<- ’ i Ho /’ ever, roof leakage may be a ,probIem. 
I \ / 

3.3.6 Protection From Wood-qestroying 
Organisms. 

1 

.- 
? ’ 

52), which, reduces decay resistance of th& wood. Car!, 
rosion of nails also results in loss of cross’section 
which loosens the nails. In such a humid e,nvironY. ! 
ment, all connectors should be corrosion resistant. 

‘: 
3.3.7 Summary of Good and Poor Pra&\fes 

Design, construction, and mainten$nce pract&s are 
summarized below: \ i, 

1: Design the building to act as a unit by connec$ng 
! 
.! 

all components together and anchoring the t 
whole structure to the foundation. Design joints 
to resist torsion.as well as uplift even where it 

I 
II\ 

- l$eams and ceiling joists must be nailed or 
t$olted to the rafters. Sheet metal connectors pro- 
$ide bet tiz r quality control at joints than nails 
-atone. _, 

3. Pole framing offers a good way of tying compo- 
nents together because all major structural mem- 
bers are connected to the polesiIn masonry con- 
struction, a reinforcing rod extending from the 
footing td)i,he roof provides the required con- 1 
tinuous tie. 

- 

r I ~ ’ 

4. All connectors should.becorrbsion-resistant. 
Locate connectors;y,$ere they are protected from 
rain, and avoid expo&ed joints which trap water. 

I 
1 

!_., 

means using connectors in pairs. 

x , 
good quality control assures structural integrity of 

-. ,.-ther&frami-ng.~-Where trusses are not Used, col- 1 

5. Loads should not be concentrated in a &nallnum- 
ber of connectors. Connectors applied to only one 
side of a member can oftenbe twisted off Because 
they have little resistance to torsional loads. 

6. Nails loaded in direct withdrawal offer less resis- 
tance than laterally loaded nails. Roof framing 
that is anchored only to the top course of a block 

B wall may blow off taking the blocks with it. 

. 7. The use of connectors that are not corrosion resist- 
ant is poor practice ma humid location. Exposure .- 

* ‘.Y 

1 
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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 lead to decay. .’ 

3.4 TIMBER FASkENERS APPROPRIATE FdR 
CONSTRUCTION IN DEVELOPING. 
AREAS WITH HIGH WINDS 1 

3.4.1 Pole-Type Ccmstructj’ 
1” 

ri 
\ 

f 

Where poles are set in the ground to serve as the main 
vertical framing, major floor and roof framing s 
securely attached to the poles assures’the structural in- :: 

tegrity of the building. Round framingmembers corn- 
monly used for indigenoustype of construction have 
bee4 successfully tied to the poles with strips of barn- 
boo (fig. 3). Sawn timbers should be-bolted to the.ppl& 
using 19-mm (3/4:in) or larger bolts, depending on the% 
load. If round poles are used iw/ithsawn timber fram- 
ing, notching the pole to provihe a wider bearingisur- 
face (fig. 53) may be necessary, especially where two 
members meet end-to-end (fig. 54). 

Siding maierials may be boards nailed dgrectly to the 
framing. Corrosion-resistant nails are particularly im- 
portant for thisappl-ication.Tndigenous-typecon-~------ 
struction oftertemplo,ys wahs~fbamb&or thatch. 
These coverings have served well in many applical 
tions, but are difficult to secure in extreme winds. 

I. _j 

3.4.2 Light Wood-Frame Construction ._ . 

The wood-frame must not only be anchored to the D 
foundation at its base, but must also provide a con- 
tinu’ous.tie from the foundation to the roof. 
Ancliofage of wall framing to a concrete foundation 
may be accomplished with hooked bolts embedded 
0.2 to 0.3 m (8 to 12?n) in the concrete. A large washer 
should be used under the nut to spread the load on-the 
wood framing (fig. 55). Where the foundation is con- 
crete bl&k, the anc.hor bolt should extend through the If 
block and be anchored in the concrete footing (fig. 56). ‘.i’ 
The exposed end of the anchor bolt should be pro-’ ! 
tected from weather. Where a single covering .- 
material is set into framing, the bolt should be iTaced T 
on the protected side of the covering material (fig. 57). ‘,_j 

The’wall must be tied together as well a$ anchored. 
Panel-type’covering material nailed to the anchored 
sill and to the top plate provides this continuous tie, 
vane] m’aterial: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 

J” 
nd vertical framing(fig. 58). f I 

* Roof framing is effectively Sied to’walls with sheet 
metal brackets (fig. 29,kpr wood cleats (fig. 60). Where v 

9 
I. ,I: 

7% 
iq / 
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i 

a ceihng joist-and-rafter system & used, sheet metaf 1 
‘*“straps r&led to joists and studs (fig. 61) provide a good 

tiedown for roof framing. In this method,$he-rafter 
must be well nailed to the ceiling joists. 

3.4.3 Concrete and Masonry$onstructiqn . 

Cast concrete posts at corners and intermediate loca- 
tions in concrete block wal!s provide tiedown points 
for roof framing. Wood plates can be tied down to 
hooked bolts in the cast concrete posts or walls. This is 
the same type of connector shown in figure 55. Roof ’ 
framing can then be attached to the anchored plate by 
sheet-metal brackets or wood.cleats as shown i’n 
figures 59 and 60. i 

3.4.4 Roof Framing * ,/I )I / / 

may blow off in extreme winds. 

Trusses may be used for roof framing for any of the 
types of con&r&ion that--have been discussed.,Con- 
nectars may be metal plates for fight construction or 
split-rings for heavy construction. Split-rings that are 
tapered in cross section and wedged into place have 
the highest load-carrying capacity.’ i 

3.4.5 Roofinej 
. ’ . 

_ I ; 
Thatch roofs a&e.often used for indigenous c&struc- + 
tion. The thatoh is tied to small poles whichare laid 
on the roof in courses with each course overlapping 
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. 

1 

The pr 4 dominant roofing material is corrugated, 
& 

galvanized sheet metal. The usual roof system consists-, 
of puriins (sometimes rem’,,4 to as roof joists) span- 
ning bet+& rafters or trusses, and-roofing attached t/ 
to these $&ins. The purlins should be tied to rafters 
with sheet me&.brackets (fig. 62) or with wood cleats 1: ’ . 
(fig. 63). Ineither case the tiedowns should be’attacha- 
ble to b&h. sides ofthe purlin and rafter, so they can- 

\ 

not be twisted off by loads that are not perpendicular \ .-’ 
,to the purlins:’ _ ’ 

*r 
Corrugated roofmg@isbest affixed by a‘fastener that 
wraps compleiely around the purlin. Two sheet metal 
straps lapped under the purlin and riveted to the car‘- 0 
rugated roofing on each side of the purlin (fig. 64) 
prov.jde a good connector system that will resist mo- 
ment loads which cause failure when a strap is used ., 
on onlyone side. , 

t:. 1 . 

3.5 FASTENERS FOR FABRICATION BY * 
.A INDIGENOUS PEW+ - 

a _ I 

Any of tke sheet metal straps could be easily fabii- 
cated with a minimum of tools. A minlmum thickness 
of 20-gage galvanized sheet metal should be used. A 

‘r 
31 -. 

r 

. 

width of32-mm (l-1/4 in) and a length of 0.5 m (20 i$ , 
would be suitable for many applications (fig. 65). It 
may be necessary to vary thfs siBe for specifir applica- 
tions. 0 / i 

, ’ * 

Galvanized straps could be fabricatednfor roofing 
tiedowns. This strap should be ‘only about 152 mm (6 
in) long, bent at 90”, 25-mm (l-in) from one end, and 
have a 6-mm (l/4-in) hole punched in the 25 mm (l- 
in) section’tfig. 66). These straps should be usedon!y in 
pairs on obposite sides of a purlin. The ends of the - 
straps should be bent under the purlin with the two 
straps Mpped and nailed to the bottom as well as sides 
of the purlin. 

A multipurpose bracket could be fabricated from 2t?-. 
gage gal’vanized steel. A suggested size is given in .. I 
figure 67; however, this could be varied for other ” 
standard sizes of wood framing. Slits’cut in the sheet , 
metal permit forming ,the bracket for, a variety of uses. 

. . . 
Split-ring connectors have been fab:icated’by cutting 
19-mm (3/4-in) wide se 

R 
tions from 76-mm (3-in) steel 

pipe; and then cutting t e ring at an angle. This con- 
nectar 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. Presentcommer Lk Ial 
split-rings cut-from steel pipe khould have good load- 
carrying capacity even though its capacity would be 
somewhat lessthan the tapered ring. 

Metal plate connectors for truss joints is another 
possiblity for fabrication by indigenouspeople. These 
are usuahy fabricated from 20-gage galvanized sheet 
metal. The sheet metal is punched in a waythat pro- 
,,duces barbs 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 are less affected by 
moisture cycling of the wood. 

. 

3.6SUMMAiiY ’ 

Wind-resist wonstruction for wood-frame build- <, 
ings in developing countries-can be achieved by pro- I 
viding good connectorsbetween all members from 
foundation to roofing. All ccmnectors should be corro- 
sion resistant and protected from rain where possible. 
Connectors should be designed to resist being twisted 
off. L&&e nails are used, connectors should be a type : 
that load the nails laterally rather than indirect with- 
drawal. 

- 

Sheet metal st:aps and brackets could easily be fabri- 
cated by indigenous people in developing count&s. 
Such connectors could be fabricated using a’ minimum l 

of tools and equipment. 

.- . . 



3.7, A CAUTION concentration of greater loads in &her parts of the 
-L . -\ building. Details of wall construction and ,lnch~)rag~ 

In firesent tropical constiuction, the most frequent. to the foundation which have been adequate when 

failure caused by hish winds is the loss of roofs. It the roof failure relieved the total .load on the building, 

should be reqqz,niz& that iinproved design which may not he adequate when the roof remains intact. 

holds the roof secdrely will ultimately result in the The building will be s~hjected to a large c,vcrturning 

moment as well as to uplift load on w,~lls. 

_- --. 
_- __ 

_ 

-..-_ -̂I 

FIGURE 33 VARIOUS TYPES OF 
’ NAILS: (a) BRIGHT, SMOOTH 

WIRE NAIL; (b) CEMENT- 
COATED; (c) ZINC-COATED; 
(d) CHEMICALLY ETCHED; 
(e) ANNULARLY THl$EADED; 
(f) HELICALLY TREAbED; 
(g) HELICALLY THREADED 
AND BARBED; AND I 
(h) BARBED. 

r? 3 
s 

FIT ;URE 34 JOINT WITH SPLIT- 
RING CONtN~CTOR ,. : 
SHOWING CijNNECTbR, 
PRtiCUT GROOVE, BOLT,, 
WASHER, AND NUT. 

. 

32 



FIGURE 35 JOINT WITH 
TOOTHED-RING 
CONNECTOR. 

\ \\‘. --.. 
-. 

\ 

D . 

FIGURE 36 JOINTS WITH SHE,AR-PLA’TE 
CONNECTORS WITH (a) 
WOOD SIDE PLATES; AND 
(b) STEEL SIDE PLATES. 

- / _-..--- - 



FIGURE 37 SOME TYP[CAL TRUFS PLATES. 

TECO DU-AL-CLIP 
Framing Anchors 

TECO TRIP-L-GRIP 
Frpining Anchors 

FIGURE 38 SOME EXAMPLES OF SPECIAL FASTENERS. 

-9 



FIGURE 39 POLE-TYPE CONSTRUCTION. 
.’ 

FIGURE 40 WOODD-FRAME WALL AND ROOF. 



FIGURE 41 CONCRETE BLOCK WALL tiITH WOOD FRAME ROOF. 
. 

. 

FIGURE 42 ROOF FRAMING TIED DOWN WITH STRIPS OF BAMBOO. 



FIGURE 43 

?i 
FIGURE 

.-._. 
.--.___ 3 7 

TkATCH ROOF WITH THATCH 
PARTIALLY BLOWN OFF. 

4 L COVERING MATERIAL ON THE 
OIJTSIDE PROTECTS FRAMING 
AND CONNECTORS. 



FIGURE 45 ANCHOR BOLT -PLATE EXPOSED TO WEATHER PRESENT DECAY 
HAZARDS. _- -’ . I 

FIGURE 46 METAL STRAP ON ONLY ONE SIDE OF FRAMING FAILED TO RESIST 
BENDING LOAD. 



FIGtiRE 47 COLLAR TIES HOLD $AFTgRS FROM PULLING APAR+“AT THE PEAK. 
P 

FIGURE 48 CEILING JOIST BOLTED TO RAFTERS RESISTS OUTWARD THRUST OF 
RAFTER; WOOD CLEATS TIE PURLINS TO RAFTERS. ” 7: 

I 



-.* / 
I’ - ., 

5; ,: 
FIGLRE 49 SHEET METAL SiRAl’ NAILED TO ONE SIDE OF PURLIN AND RIVETED TO 

CORRUGATED ROOFING. 

CURE 50 ALTHOUGH Tl-ii RbOF BLEW OFF OF THE STRUCTURE THE 
- CORRUGATED ROOFING!yAS EF.FECTIVELY TIED TO P’URLINS BY WIRES 

COMPLETELY AROUND -iHE PURLINS. 
I 



FIGURE 52 STAININZ; FROM CORROSION OF BOLTS AND NAILS. . 



. 

FIGURE 53 ROUND POLE NOTCHED 
FOR SAWN FRAMING 

* -_ ‘MEMBER. ’ 
i- 

--.-- 

*+ 

FIGURE 54 TWO:FRAMING MEMBERS - 
c. 

J BUTTED END-TO-END OVER 
J%AT NOTCH AND 
BOLTED T.9 A POLE. 

> 
*. 

. “., i 

i 

WASHER 

SOLE PLATE 

HEADER PLATE 

CONCRETE BLOCKS 

-ANCHOR BOLT 

GROUT CORES WITH ANCHORS 

FIGURE 56 ANCHOR iiOLT THROUGH 
CONCRETE BLOCK FOUNDATION 

FIGURE 55 ANCHOR BOt?- 
_ . MINIMUM OF 

TO SPREAD LOAD. 

; WASHER 

SOLE PLATE 

INTO FOOTING. -i e 
z 

4.2 ~~-~ 



NAIL STRAP TO STUD - 
’ j,_,, ” 

SOLE PLATE 1. SOLE PLATE 

/wCHOR BOLT 

FIGURE 57 ANCHOR BOLT -IN%AL&ED * FIGURE 58 SHEET METAL STRAP 
- ON PROTECTED SIDE TYING STUD TO 

--. 
OF WALL. BOTTOMJLATE. 

, / 

._ 

f  
-_ 

‘. 

-.. 

ROOF FR(iMlNG 

- METAL BRACKET 

DOUBLE TO4 PLATES 
! 

STUD 

I 1 

. 

I 

FIGURE 59 SHEET METAL BRACI&T FOR TYING 
ROOF FRAMING TO WALLS. I ’ 

,. 
/ I ‘i, 

d 
. 

““i * 

FIGURE 60 WOOD CLEA?S NAILED TO EACH SIDE 
-. I‘ . . m . OF ROOF FRAMING AND TQ TOP PLATES. 

---. ~--.__~____. -~--~-- ~..._ ----if3--T-y .-----~ 
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FIGURE 61 SHEET METAL STRAP NAILED TO CEILING JOIST 
. AND STUD TO ANCHOR ROOF FRAMING 

TO WALL 

f 

PURLIN 

METAL BRACKET 

. FIGURE 62-~ SHEET METAL 
BRACKET USED TO 
CONNECT PURLIN 
TO RAFTER. 

t . 

NAIL TO 
-4 

PU 

PURLIN 

RAFTER 

FIGURE 63 PURLINS TIED TO RAFT&S 
BY WOOD CLEATS. 

‘>;r 
HER WAS 

. 

, 
ROOFING 

‘.; . 
STRAPS RIVETED TO ROOFING 

PURL IN 
3 

f STRAPS LAPPED UNDER 
PURLIN AND NAILED 

FIGURE 64 TWO METAL S-i-RAPS RIVETiD TO * 
CORRUGATED ROOFING, LAPPED ,, 
UNDER PURLIN AND NAILED 
TO PURLIN. 

44 
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FIGURE 65 MULTI-PURPOSE STRAP; LENGTH, -~-~~ ~~-~~ ~- ~- ~- 
AND++ADTH C A-msE, mI’tii?i?.TOR * 
SPECIFIC~~APPLICATIONS. 

, 

/- 

1/4’ RIVET AN&l* W2hSHEe ’ 1 * 

GALVANIZED STRAP -% \ I 1 t 1 . . -: 
: 1 

i I .~ 
i 

f 

T : ‘IFIGURE 66 GALVANIZED SHEET METAL , 
I 
; STRAP WITH. RIVET AND ’ 
I WASHEi FOk TYING DOWN 

--_- 

9: 

Length Convwsiun 

I in = 25.4 mm 
I in = 0.0254m 

BEND LINES 

f 

.,I - 

------ !. -- _-- - . . 
-1 . 

I vim * 
. . 

-1 ,I 

‘ \ ,. elm?--, 4W8L 1-w-j 

1 : 
: 

FIGURE 6.7 MULTI-P’: RPOSE BRACKET FABRICATED FROM ’ : 
: * 
: E 

.: 
20-GAGE; ALVANIZED STEEL; BEtiD EITHER 

! DIRECTION AT BEND LINES TO FORM DESIRED 
~~. .-. 

:’ 
;; 

BRACKET. 
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FIGURE 68 SPLIT-RING CONNECTOR FOR INDIGENOUS FABRICATION (LEFT), AND 
COMMERCIALLY PRODUCED SPLIT-RING CONNECTOR (RIGHT). 

r --- 
~ --- _.--- - - -- .-- 

-. 
~-- ___I L- *.\r.\ 1.1.. 
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FIGURE 69 PLATE CONNECTOR WITHBARBS. 
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NBS TECHNICAL PU~LK~ilONS 

,PERIO-DIGALS f 
JOURNAL OF RESEARCH reports National Bureau! 

of Standards research and development in phy$cs, 
mathematics, and chemistry. It is published in <two 
sectians, available separately : ar 
l Physics and Chemistry (Section, A) 
Papers of interest primarily 
these fields. This section cover a broad range of physi- 

, cal and chemical. research, ir 

scientists workitig in 

,ith niajor emphasis on 
standards of physical measur%ment, fundamental con- 
stants, and properties of matter. Issued six times a year., 
Annual subs$ription: Domestic, $l’?.OO; Foreign, $21.25. 
l Mathematical Sciences (Section B) 

1 

Studies and compilations designed mainlytfor the tiath- 
ematiciari ,and theoretical physicist, Topi.cs in mathemat- 
ical statistics, ,$heory of experiment design, numerical 
analysis, theolletical physics and chemistry; logical de- 
sign and nrogramnling of computers aiid computer sys- 
tenis. Short numerical tables. Issued quarterly. Annual J 
subscription: Domestic, $9.00; Foreign, $11.25. 

DIMENSIONS/NBS (formerly Technical News Bulle- 
tin)-This monthly imagazine is published to inform 
scientists, engineers, businessmen, industry, teachers, 
students, and. consumers of the latest advances in 
science and technology, with primary emphasis on the 
work at NBS. The magazine highlights and reviews 
such issues as enetgy research, fire protection, building 
technology, metriic conversion, 1 pollution abatement, 
health and safety,’ and consumer pr8duct performance. 
In addition, it reports the results of Bureau programs 
in measurement standards and tec’:hniques, properties of 
matter and materials, engineering standards and serv- . 
ices, instrumentation, and automatic data- processing. 

Annual subscription: Domestic, $12.5& Foreign,$lS.65. 

NONPERiiDICALS 
Monograph%-Majorc&tributions to the technical liter- 
ature on various subjects related to the Bureau’s scien- 
tific and techinical activities. 

N,OTE: At present the principal publication“outlet for 
these data is the Journal of Physical and Chemical 
Reference Data (JPCRD) published quarterly for, NBS 
by-the American Chemical Society (A,CS) and the Amer- 
‘ican Institute of Physics (AIP). Subscriptions, reprints 

r and supplements available from ACS, 1155 i Sixteenth 
St. N.W., Wssh. D. C. 20056: ’ ‘8 
Building Science Series’-Disseminates technical .infor: 
mation developed at the Bureau oh building materials, 
components, systems, and whole structures. The series 
presents research results, test methbds, and perform- 
ance criteria related to the structural and environmental 
functions and the durability and safety characteristics 
of building elements and’ systkms. 
Technical Notes-Studies or reports which are complete 
in themselves but restrictive in 4heir treatment .of a 
subject.’ Analogous to monographs but not so compre- 
hensive in scope-oredefinitive in treatment of the sub- 
ject area. ,Often serve as a vehicle for final reports of 
work performed at NBS under the sponsorship of other 
government agencies. ‘K 

Voluntary Product Standards~eveloped under proce- 
dures published by the Departmgnt of Commerce in 
10, Title 15, of the Code of Federal Regulations. 
purpose of the standards is to kstablish nationally 
ognized requirements for products, and to provide all 
coricerne-d interests with a basis for common under- 
standing of the characteristics of the products. NBS 
administers this program as a sup.pFment to the activi- 
ties of the private sector standardlzmg organizations. 
Consumer Information cSeries-Practic/il information, 
based on NBS research and experience,~ covering areas 
ofinterest to the consumer.%asily understandable ,lang- 
uage and illustrations provide useful background knoti- 
edge for shopping in today’s technologidal marketplace., 

Order above NBS pu blicti tions frod : Superintenddnt 
of Docltmexts, Government Printing Ofice, Washingto&, 
D.C. 20402. 

Handbooks-Recommended codes of: ,e &&ring 
industrial practice (including safety c des) developed 1: 
in &operation with interested 

i 

and 

industri s, 
organization& and regulatory bodies. , ( 

professional 

Sp&ial Publications-Inclhde proceeding 

1 

of conferences 
sponsored ,by NBS, NBS annual repof’ts, and other 
special publications appropriate to this; grouping such 
as wall charts, pocket cards, and bibliographies. 
Applied Mathem&cs Series-Mathematical tables,.man- 
uals, and studies.of special interest to physicists, engi- 
neers, chemists, biologists, mathematicians, com- 
puter programmers,-and other-in sdentifie- 
and technical work. 
National Standard. .Reference Data Series-Provides 
quantitative data on the phymanrchemieal proper- 
ties of materials, compiled from the world’s literature: 
and crisigally evaluated. Developed under a world-wide 
program-t oordinated by NBS. Program under authority 
of National Standard Data Act (Pubho Law 90-396). 

O~cler following NBS publicatiopls-NBSIR’s kncl FIP$ 
from the Natioxal Tech&al Znformatio?l Services, 
Sp,+gfield, Va. 22161. 
Federal Infohation Processing Standards Publications 
(FIPS PUBS)-Publications ip this series collectively 
constitute the Federal” Enf’o%nation Processing Stand:‘ 
ards Register. Register serves as the official source of 
information in the Federal Government*regarding stand- 
ards issued by NBS pursuant to the Federal Property 
and Administrative Services Act of 1949 as amended, 
Public Law 89-306 (79 Stat. 1127), and astimplemented 
by Executive\ Order 11717 (3% FR 12315, dated May 11, 
1973) and P&t 6 of Title i.5 CFR (Code of Federal 
Regulat+ns);- ~-- -- -_’ 

NBS Interagency Repirts (NBSIR)-A special series of 
interim or final reports on work $erformed by NBS for 
outside sponsors (both government and! non-govern- 
ment). In general, initial didribution is h Ff ndled by the 
sponsor;_public distributior@s by the National Techni- 

. cal lnformat%TiServices (Springfield, Va. 22161) in 
paper copy OF microfiche form. 
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The following current-awareness and literature-survey 
bibliographies are issued periodically by the Bureau: 
Cryogenic Data Center Current Awareness Service. A, 

literature survey issued biweekly. Annual subscrip- 
tion: Dome~stic, ~025.OOl; Foreign, $30.06. f 

‘Liquified Nat&al Gas. A ‘literature survey issued quar, * 
.terljr. Annual subscripti n: $$20.00. L I 1 

I 
P 

Superconducting Devices and Materials. A literature 
survey issued quarterly. Annual subscription: $30.001. 
Send subscription orders-and remittances for the pre- 
ceding bibliographic services to National Bureau of 
Standards, Cryogenic Data Center (275.02) Boulder,- 

Colorado 80302. 
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