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* ABSTRACT
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.7 KWOK CHING LAM .
APPLICATION OF PRECAST CONCRETE ELEMENTS
FOR ROOFS OF INDUSTRIAL BUILDING

’ \

Precast.concrete elements are ihéreasingiy employed
in'varioys structures whicﬂ are qxpectbd to meet the require-
ment of modeén building industry. 'Basic‘prdvisions and '
requirements for design and éshstruqtion of precast concrete
are available. In this repért. application of precast
concrete elementé‘for‘roofs of"étan@ard industrial building
is discussed. 4n example of the application employing
'économiEal'open-web joists and girders supporting large .

7/

panels is presented. L .

\
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b i din industry has been proceeding
,y

over the world especially in Europe and’ America.

«

ﬁrEuropean countries. the experiences reveal that 1ndustrial-
ized bulldlng can reduce on site labour 30%, even up -to
50%, and save one-third to one’ half of constructing time
required by traditional building methods
that industr&alized techniques are much more economical in
terms of money and manpower, .and buildings can be constructed
at a much fasteér rate than with traditiona1~methods.
advantages are obtained by the follow1ng

- (1)

(2)
(3)
*)
(5).

CHAPTER 1

l"

" GENERAL INTRODUCTION

llzation in the.
t high speed all

~
In the past twenty years, industri

ThlS means

‘A’higy degree of mechanization
Reduction'of on-site labour . /
S%andardizati;n4of componenus and products
Dimensional co-ordination

Integratiomr of building team{ﬁ architect,

engineer, fabricator, cohtractor .and. client.f},'

(6) More sophisticated use of management techniqués.

'Standardization of constructive elements in repetitive |
fabrication, erection and- assemblies to a high degree
accelerates_the,industrialization and garantees jﬁ;: Y
It simplifies mueh the‘design’and
Standards must be adopted. particularly

construction quality.’

. ODPeration procedure.

P



" in dimens_ions{l‘, cb-ordlﬁatio‘n, to“eli'minate the useless waste '
in all branches of‘ the industry.~In.fact, standardiz'ation

S e )

ig the basz:? and necesmty for industrializatmn.

+ \" .

Panelization which has been experienced in rec:errt -

L.

'yeare in.many cog.mtries is a Qrery important step along the. ,

road to mdustrial:.zation. °Prefabrlcated panels are commonly "

4 ‘

employed for walls, floors and roofs whlch are fabr.ib,ated
' identlcally. .Panelizati%whlch is widely adopted has “the

following advantages: ‘ :

N i

o 1) Panels can be very easily manufactured ina .
.varlety of kind% sucﬁ ‘as solid, cored, r:.bbed and .

K
°

sandw1ch .panels. LT

*

Panels provide ‘great design flexlbillty whether -
| they oan be used to produce a varlety of box
" Ygizes or prqnde vaz jations in room shapes and

/

sizes, roL o,

“Panels are easy to handlezi in shippmg and erection

‘st’ages and allow to avoid problemg with highway

" traffic restrictions. o

R With panellzequonstructlon J.t is & si.mple matter
to produce Joints which " prov1de adequate struct-
ural mtegrlty for the, building as a whole. ”

_Panel:.zed buildings have survﬁred Tashkent

&>

earthquakes. ( . o~

Nowadays, precast }oncrete techniqﬁee are being used.

‘to an increasing *extent in the repetitive ﬁ'oduction of mdﬂularh:
prefabricated and standardized building elements. ‘These &

SN

R
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‘:‘pr;duot.s are suitable .for /quic assembly of  structural

: oo ' o ‘framewo'r"k,' walls, floors and roofg. Preé‘cast concrete can be’ "."

-

"% ¢ . moulded'in ‘many ways with a wide var Bty of surfade 3:.
# '_ . - treatglenté..' It will play a ven‘r impor‘?nt part in jihe 9

. [

' o / development of the induetrialization. An’ even morg

f

significant contribution is that it can be simultreoualy

-

. * used, both structurally and archi‘tegturally, and also allows

LS

) £‘o‘have cast pi‘actical}xq\vgll of tile requixjea services.
o — \ - \
N Within its structural framework, it is possible to fit in a

' ra N

i ), ‘s “
compatible manner almost all' other bullding products. This
allows for greater 'versatility in’ architectural.exﬁression.
Genertlly precast concrete has the following ma:u,x‘ J/

i , advantages: .- .

* r

(4

. . ~ . S .
. \1)\ Econemical in formwork, shuttering .and labour.
L4 ‘ v - . R ' ’
- 2) _Fabrication independent hpan weather conditions. - '
f b ]

. 3) ) Appropriate methods of curing en'pure' improved and

. reliable products and gccelerate maturing, and thus )
| “productivity is mg;aaaéa. | S o o
{“ 4) Better quality- enaured\and_ sectional size can be..reduoed_./m/

, 5) uSpee;l o;f Zt‘ '&;'ud’d'iori on gite is ‘greatl!\y ggrsraased '

..; 6) -Volumetric 'tabhity of precast s{:mcture is detter -
o aince shrinkage |

@(n%en place before erection.

% ' Prefabricatyon aldo allow to detain following
. -+ structufal qualitiesi . ’ ' ,
- s ‘ ) . 'a . " ST . ‘ P
" . 1) ILow-initial and maintanence cost. - <]
.- v ﬂ»" n - . \ . 3 i - LY . . . ;
I 2) ' Long life dénd adequate structural capacity
. R ) co e - : ~ . ' . " ¢ o




¢ 3) Good insulating and accoustic charac;teristics. .

-~

>

e k) Pleasing .appearance

=

5) Weather res\i\stance o ‘ , “

According to different geographic conditions and the
a,vaila‘oiiity of materials apd equipments, precast con\crete
elements should be de"signetl reasonably in the appropriate
methods. to avoid undesu'able*\waste and get the best result,
This has* been experienced in many countries and districts.a

" Universal Concrete Panel Building “SSrster_n (UCOPAN) )
has succ}assfully experienced in many projécts such as schools,
universities. hospitals and low-cost housing 'in India, Ne'pal‘

.' and other Asian countries where-a series of panels of 1.5" thick
" concrete slab, reinforced with Wire Welded Fabric and™—
stiffened with ribs, were emp}.oyed for walls, floors, and \

« roofs. (Fig. 1.1 - Fig. 1.3) Panels were prefabricated in

: Modular sizes according to different projects depending on-
the space requirement and equipnent available. ‘Tli se
panelized buildings were designed and constructed under the ' - |

’; ‘ consideration of the weather condit’ion. materia? supplied, /\ .

- finance. and equipmonts, thus leading to the saving in the
W consumption of: materials in terms of money and manpcwer.
* N From the above discussion. obviously, there is no- .

e doubt. that industrialization thr standardization. panel-

C:&:ring a significant decrease

in cost. construction time and manpower to the building industry

- ization with precast techniq_ues can
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“~ *“’ . N .
i . ° .'Y ‘
oy 5. — )
) i ~ + In Eufbpeaﬁ countries, about 25% to 35% of housing o
\ construction is'completed with precast systems. Thq@Soviet N

Union predicts that by 1980 over 80% of its housing

- construction will be of precast systems.

\
-

o Since the precast technique provides a view of,

w . .

. \ ‘ e v .

. ) - great prospects in the futuré of building industry, | -
. ) . application of precast concrete elements.to structures with ! i
" gtandardization and panelization to meet the requirements ’ 1

of, industrialization is reasonableﬂand desirable. - ) : =

' o~ ~
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Fig. .3 .

Buildings assembled

‘'with standard
panels - UCOPAN




gLAPTER 2

APPLICATION OF PR§EK$T CONCRETE
IN INDUSTRIAL ROOFS'

\
Recently, precast concrete elements for building
roofs has been increasingly employed. Simplicity of .

construction is achieved with precast concrete techniques

(Fig. 2.1 and Fig.‘2.2). . )

p-¥

B <

A development of economic precast concrete roofs
for 1ndustrial building is attempted here (Fig. 2.3 and
Fig. 2.4).

- .A number of large span precast céncrete panels of
two\way slabs reinforced with Welded Wire Fabric and
stiffened with perimetric ribs are employed. Panels of
large'span eliminate unhecessary jeints. The amount of
labour in manufacture and erection is reduced, the
construction time is shortened and the quality of internal-
finishes and_utilities is higher.

\ J . -~

The joists rest on the columns or brackets which
‘are cast integrally at the mid-span of the girders. The
brackets so cast ensure that the top edges of the joists
~and girders are at the same level which provides smooth

, continuity throughout the whole system as the composite

section of joists and girders is being cast. The girders
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Pig. 2.1 Roof constructed with modular panels
) X supported by.Tee girders - UCOPAN
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. are supported directlj on the coipmns.

¢ [ v Lt . )
The 'pr\e\ca\Qgists and girders are designed-as

siqnply supported beams in Tee Sections with economic operi-w-;.w

» webs which are ‘designed on the basis of analysis and-'reseé.rch
\ o tests and have been experlenced m many projects in Europe

] and America, A series oi‘ s‘candardizeé\\open-web girders of

* ’ varlous spans had been developed in Poland from 1953-1957 (l&)

/ : The econom1ca1 open—web glrsl _4rs replace the traditionally

used SOlld full-web beams whi:clv at large spans -become too
_\_,\./

- heavy and with.too much material being used. *
_ , . : Econonfic open-web girders represent a ney structural
E _ systefm of min:.mum consumption™of materials up to 50% seﬁing’

-r

T o} concrete and steel and resemble in shape to a. catenary

1line or bending moment diagram. (5)

S .y -~ . . . ' ,

-

{ . .
- The composite portion is cast ifl-situ at the top of.

joists and girders. This/portion miqr_imizersj the depth of
the roof systexh and proviides adequatp/conne,c"tion between
'y 1 the panelg to make thé whole system act as a unit. Moreover

. _ the extended stirrups in the joists and girders provide

e Do adequate shéaring connectors between the precast concrate .
ﬂ oo _ and the in-‘situ ‘concrete. The 'brapezoidal joist and

girder lower their centres of gravity below the bearing o
level thus increasing,'bhe stability and eliminating

overturning, = . .

-
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In practice, it is imﬁossible;to.make products qpich
will have exact design diﬂeng;ons. In fact, extreme precision

o

is pointless, small inaccuracies are unavoidable during
‘ y ;

erection. Hence tblerance should be provided for all precast
- concrete elements because the dimensions of precast concrete

units are never exactly as ﬁﬂeoretically.sﬁecified.
- . N Ry r ) ’ ‘
In precast concrete structures, joints are the weakest -

\ points. - Connection of\preéast components presentsndifficult'
] technlcal probelms smnce the structure is only as, strong as
- the §Bints. Connection design ‘should conslder the follow1ng:
(1) The load ¢ and actions to be resisted
(2) The structural function of the joint

(3) The fabrication and erection procedures.

In addition to’gravity and la eray oads\du° to wind .
~ and earthquakes. the effect. of volume changes due to shrinkage,
& creep and temperature, -the effect of fabrlcation amd_
pconstruction tolerange error must be considered. Hence
in common practice a large sa"wy factor or load factor in

design of connectlons should be employed. o B
A ‘

v ' In this system, both wet and dry connections afe
used. Eor wet connections. the perimeter ribs of panels
are at an obtuse angle to the panel memprance and are sheggg\

in such a way. that. when the panels are placed side by side, .
\

''''''''''
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gaps exist between;thg ribs along tHe horizontal lines,

-

: ' The gaps can be filled in with additional reinforcement .
b

‘ and concrete which tie separate panels into a solid and X
r

*  monolithic structure, durable and suitable for seismic

-

- ' zones and flood-prone afeas._ﬂ(?}g4;2.5)

: The dry connection is completed by welding for the ‘\ - ¥

' joints between the brackets and joists, the girders and

e ' the columns. These procedures are easily handled in. c M

every individual operation stage (Fig. 2.6).

This -roof system provides plenty of headroom, and
space for the‘utilgif riping s&stem isuch as }ighting conduits,
air conditionqducts. and water Qupply‘pipe&s Moreoyer. it_
provides convenifnce £or acoustic and heating insulation

‘ ) in-installation processes. .-

| . .
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3.1 PANELS

; - 18 - . ""n\ ~
' .. CHAPTER 3 4
- ; DESIGN PROCEDURE : .

" Theg prbposed roof system consists of panéls. Joists

and girders, brackets, and connections. Each of these

_ elements is designed following the. praetice of the American

Concrete Institute (ACI), and Prestressed Concrete Institute
as well as other references (6), (7) (5) (9)

The panels are designed ss two-way slabs ‘reinforced .r\
with wire welded fabric and supported by perimetric ribs.

The ACI Building Code (318-71) states that the slab
should be designed by approved methods which shall take into

P account the effect of continuity and fixity at supports,

the ratio of length to width of slab and the effect of two- .

way at:tion. « Hence in two-way slabs, the reinforcing steel

~ 1s usually placed so that flexural res1stansce will be

provided in-two directions. v - Y

The ACI Codb prﬁides three separate approximate ‘
nethods for use in detemining shear and moments in slabs’
which distribute their load to the four ed€e supports.

-'rraditionally. the procedure known as Method 2 has been
" used almost exclus:.vely in 'engineering practice. This

method has been devised eonsidering the theory of elasticity
and the resurts of experiments. 'l‘he methods applies only

(10)
when:
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a) The loads are uniformly distributed and o
“ - y -, ”
\ b) The ratio of live load to dead load does not
4

/
v . exceed 3.

i

 These recommendations are intended %0 apply to
dsolated or continuous slabs, .supported on all four sides
- by ribs which are built mondtithically with the slab.
‘ The shear ﬁtrese in the slab magrL be compﬁted, od»)the
‘aseumption that the load is distributed to the supports
according to the equation' (10) L , ™
a) ‘Por short span, w' = 3'3-31 D & §
b) Por long\ span, w' = 1"3§ x -LE-EE cesevesss(il)
. » .
g ' . "*The loads on the -supporting ribs foz; a two-way
b - "rectangular slab may be assumed &s that load ‘contained
within the tributary "areas of the slab bounded by the
intereectlon of 45 lines from the corners with the median
S , | ; line of the slab parallel to the long side. ‘-
" ‘ The two-way 8lab shall be coneldered as consisting
H &f strips in each direction as middle strip and column
@ atr:tp, the middle strip is one-half panel in width,

' aymmetrical about the.panel centre line and extending ‘:

) throwz;h the panel in the direction in which moments are
cona:ldered. The width of the column strip is one-half panel
‘in” width ocoupyin,g the two quarter-panel areas of;'igide

| the middle strip.

. .
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The critical sectiGhs for moment calculations are

referred to the principal design section and are located

- , . ]

" as follows: /LM/; . - R
L ' a) For negative moment, along'the edges of-the
- . panel at the forces of supporting 'ribs, and -

b) Forpositive moment, alond the centre line of 8

thd_panels.
i . ' \,\4]
| % ‘ B The bending moment for the middle strip shall be

i

computed using the formula: ’ ' . .~

M = cw's® - ' \ :

- The coefficients C for different supporting conditions

are listed in Table 1. . : ‘ =
! ¥ ‘ ' N -
The average~moments per foot of width in the column : o
strip shall be two-thirds of the correspondlng moment in ~___

the middle strip. ' iice the slab 15 réinforcad'W1th Weldad

Wire Fabric which is distributed eqﬂally through the spans

in both directions, only the maximum-positive and hegative,

, bending moments in middle strip shall be considered (on the
safe side). o B ‘,, - ' ".u

'"~ The ACI Code states that for monolithic or fully

composite construction. the beams include that portion of

the slab, each side of the beam extending a distance equal to -

the projection of the beam above or below"the -slab, which is . 3
greater, but not greater than four times the slab thickness.

Two examples of the'rule are provided‘in Fig. 3.1.

. - . » ~
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The bending moments in the perimeter ribs can be
défermined'approx{hétely by using an equivalent ﬁniform
load per liner: foot of»rlbs for each slab supported as

descrxbeo in formu]as (1) and | (11). t-

- . The longltudlnal per1meter ribs are designed as

-~ &vr -

‘ contlnuous beams for Iive load by extendlng the main bars . .
o _beyond ‘both énds when precast. After the removal' from -

-forms” the main bars sﬁgll Re bent and welﬁed. The ACI

Code provideé LT approximate coefficients of shear énd

L

.

-~ bendlng moment which may be utilized wheh the follQying

»

L i conditions are satisfiedt
NS

‘1) Adjacent clear spans ‘may not differ in length 2

v

= S " by more than 20% of the shorter ‘span’ .

* 2) The ratio of llve Lload to dead load may not
L exoeed 3., o | S

. » K L
©* =" _ 3). The loads must be uniformly distributed.

.
<
’
(¥}
*
s
-
&
.
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The load on element AEC is supported by beam AC.

|"

*
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' TABLE I
. , - (10) .
Moment Coefficient For Two-way Slabs
Short span
. Long
Valuesof m span,
Moments ¢~ : p7 all
1.0 0.9 0.8 0.7 06 | 05 values
. and ofm
; less -t
Case 1 — Interior panels
Negatiye moment at —
Continuous edge 0.033 R.0.040 /0{048 0.055 | 0.063 | 0.083 | 0.033
Discontinuous edge - —_—1 - - - - S
, Positive moment at midspan 0.026 | 6.030 | 0.036 | 0.041 | 0.047 | 0.062 | 0.025
Case 2 —-One edge discontinuouh
Negative moment at - , : ’
Continuous edpe 0.041 0.043 | 0.055 | 0.062 | 0.069 086 | 0.041
Discontinuous edge 0.021 | 0.024 | 0.027 | 0.031 | 0.035 042 | 0.021
Positive moment at midspan 0.031 | 0.036 | 0.041 | 0,047 | 0.052 | 0.064 | 0.031
Case 3 — Two edges discontinuous ‘
Negative moment at — :
Continuous edge 0.049 }| 0.057 | 0.064 | 0.071 | 0.078 | 0.090 | 0.049
Discontinuous edge 0.025 0.028 | 0.32 | 0.036 0.039 | 0.045 0.025 -
» Positive moment at midspan 0.037 | 0.043 | 0.048 | 0.054 | 0.059 | 0.068 | 0.087
Case 4 — Three edges discontinuous
Negative moment at - ,
Continuous edge 0.058 | 0.066 | 0.074 | 0.082 | 0.090 | 0.098 | 0.058
Discontinuous edge 0.029 | 0.033 | 0.037 | 0.041 | 0.045 | 0.049 | 0.029
Positive moment at midspan 0.044 | 0.060 | 0.056 | 0.062 | 0.068 | 0.074 { 0.044
Case 5 — Four edges discontinuous :
Negative moment at —
Continuous edge - - - - - - -
_ Discontinuous edge 0.033 | 0.038 | 0.043 | 0.047 | 0.0563 |.0.055 { 0.033
Positive moment at midspan 0.060 | 0.057 | 0.064 { 0.072 | 0.080 | 0.083 | 0.050
r‘rr ‘ 4 ‘ 4 |ﬁ
Tt NG 4
- ] A
= 4 Py gy Y r=
. ] 2l
s ' '
|
p ) | i :
p Al 4
B ]
I , F se P11
I Iy .
| . : R R
| ‘ , R F
A'--J ool bedeston el whsiuis \ [ 4
. ——— — ——— > c— —: - cm- = :
-~ -~ = —— - = P--1 7
L4l A = ad i N
. [ 4 4 . [ 4
’ The load on element ABEF-is supported by -beam AB. ‘
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The followiﬁg approximate formulas from the ACI
Code may be used to determined the shear forces and bending
moments in continuous beams, '
FOR POSITIVE MOMENT
End Spans: . ’ S~
If discontinuous end is unrestrained...w(L')?/;l
If discontinuous end is integral .with #he’ L
support ...............................w(L’)z/lb
Interldr spans....................g.. ..... w(L')2/16
FOR NEGATIVE MOMENT
. Negative moment at exterior ﬂace“bf first interior
support: . , ‘
Two spans...............u.................w(L')2/9
More than two spans.....,.,......:..}.....Qﬁﬁﬁ)z/lo
Negative moment 2t other faces of interior
¢ supports.......(.......t....I.............w(Lf)z/ll
Negative moment at face of all éupports for
(a) slabs with spans not exceeding 10 ft and
(b)\‘beams and glrders where the. ratio of the
sum of column stiffnessess to beam stiffness
exceeds 8 at each end of the span:...w(L')?/lz ’
:Negativekmoment at interlor faces of exterior
shpport for members builf integrally with their
suﬁpprts:
Where the suppoft is a
spandrel beam or girdor. Sessserrerernes .w(L' 2/24

Whete the support is a column.............w(L' g/ié.:"
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SHEAR PORCES '

4

Shear in end members at

first interior support «ecececcceessloBW(L!)/2

~‘Shear atﬁall other Eupports‘.......... w(L')/2

-

»

3.2 TJOISTS AND GIRDERS

Both joists and girders are designed as simply

-supported beams: of Tee section with open-web, Since in

Ultimate Strength Design the tensile strength of concrete ~

—

below the neutral axis of the oross section can be omitted
except the concrete cover to the main reinforcement for .
4

tensile strength. In such a case the amount of steel and

concrete required can be reduced markedly. (Fig. 3.2) =~ L

-
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TEE-SECTION OPEN-VEB SECTION . STRESS DIAGRAM
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f

For the Ultimate Strength Method the design of joists

and girders .follows the procedure and formulae as folldwss

i) Determine the design load moment M,

My =g Mg + B My

_——Where Md gervice dead load moment\

service live load ‘moment'

-

At
|

=.1.4 for dead load

= 1.7 for live load

,P
{

11) Detemine the depth of equivalent rectangular streae
" block m. (Pig. 3.2). . .

Ly

a

‘ 4
My

1.18 ©d, © cah be found from _ ¢
#va% £ o (1 - 0.59) ,

If the depth of the egquivalent block is less than the
depth of flange, the joist and girder#nay be designed as
: - re

a8 rectangular section.

iii) Detérmine the area of steel necessary to develop the

. e equivalent stress bloc,k. ’ v -
’
A = 0085 fc ab .
B ' f R .” I - ' ~
y : ‘
v . ) .

iv) Check tha";;. reinforcement _ratio does not exceed 0.7'5}‘

of the ratio for balanced condition” (° b\'
o . 4 ‘: /

\fbé 0.85 1 @ 8700
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f' - 4000
where ﬁl = 0. 85 - 0.05 (——0'60'—-)

v) Check that reinforcement ratio 4s not less then the

R required minimun of 200/fy

5 v"v:l.) Check distribution of flexural reinforcement. ACI Code
requires that when the design yield strength f,'for «*
tension reinforcefnen{: exceeds 40,000 psi, the cross "

sections of maximum positive and negative moment shall -

- be so proportioned that the quantity Z given by

3
2 =,f8 facj

»

' B 3
does not excaed 175 KLF for interior expoxure and 145" KLF

o for exteri.or exposure. Where d distance from extreme
tension f1bre to the centre of the adjacerit bar .
L A = Average effective area of concrete in tension around

each reinforcing bar

o R fs-'- Steel stress ' A

’
>

£y = 12 (My'+ My)/Ag(d + kd/3)

kK = ,(n/—")2 +2npP -;nf

-

The equation Z=f, %’I is based on the Gergely-lutz

equation wlth the recommended maximum allowable crack

) . widths, 0.016 in. for interior exposure and 0.013 in, for

exterior expoaureun

.
— a
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"vii) Design horizontal shear.

"condition to obtain
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<

This .is governed by the
stresses applied and’ by the conditions of the
interface. ' o

The first step is to; decide on the interface .

the permissible shear stress Vh‘

A(II Code states that when contact surfaces are clean )

a.nd mtentlonally roughened, the al;,o/wable gtress 1is

-80 psi and when surfaces are cleaned, not :mtention-

elly roughened, but with minimum re‘quiréd ties ueéd, u '

the allowable shear stress is also 80 psi. However,
when both minimum, ties am‘l :mq't‘entional rough“éning are
used, the.allowable stress increases 40 350 psei

When .the“ sﬁe;a.r stress excee{ds 350\ps'i,,. the sec‘tion
must be checked for shear friction reinforcement as
described in section 3.3. '

~ The horiquital ‘sheer at;‘éés Van B8y be

* calculated at eny cross section as
v = vu - 3
dh m— ’ » ’ V .

When vertical bars d/'r ex‘tended stirrupe are
used to transfer horizontal shear, the tie a.rea shall

not be Qsas than that
, b,B ' -
A = 0P C
.- - y ’ "/‘\ A
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\ . A Besides the ébove,cdﬁcerns special cafe ust be
taken in the design of 1ifting devices fabricated from
reinforcing barg. The 1ncllnat10n of the liftjng force
- must be consid:;éﬂ for all condltlons af llftlng because
///////the 'rlgglng used at the pre castlng plant is not llkely
to be the same as that us#ld at the erectlon site, and the.
"w1dths'of strong backs, size of‘hooks, and length of

' lifting cables change the inclination of the lifting force.,

-~ . N » .

3.3. BRACKETS _
To arrange the top edges of joists and girders at’ *
the same level brackets mountlng at mldspan of girders

are ihtroduced as shown in Flg. 1. 1 and Flg. 3. 3

JOI'ST'? L




members, details of bond, i’enchorage,' and bearing are very

L

<@

‘Mattock(lz) (13) o ’ ‘

: N
: ¢ A_+ A . - :
- 8 sh » v .
. where = ——— but not gr¥mter than 0.2 £’ /f angd
° ~ \&\ bd - N A
‘ Ay, shall not exceed A, . | X L " Sy
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~

According to that brackets are relatively small.

.

important in design. The ACI Code prow’rides good Basic

design rules and requirements which are based on the ‘results _

of more thaniaoo tests. Also, modifiéd design methods,

' simplified equations, #nd examples are glven by : .

SR CRIATE e e LR

-

. az

The provisions apply to brackets and corbels having
ﬁ
‘e shear-epan depth ratio, a/d of unlty or-less. In

perticular the ACI requires that the ehear stress ehould

not exceed: o

]

. St . . ' - T ) \_ ‘

)
IR i rop R W e

;
o

where (oshould not exceed 0.13 f '/f and N /V should not ‘
be taken less than 0.2. The -bensile force N, shall be . o ‘
¢ [’ ! - '%

regarded as a live load even when it has resulted from ", "
creep, shrinkage or temperature change. 3
" ° b : ;;

When provisions are made to avoid tension due to §

f b = A

¢

ehrinksge ‘and creep so that the member is subject to shear-

and dfioment' only, V;l should not exceed ' . . )

T

, Yy =a'[6:.5' (1 - 0.5 a/d) + ‘1 + 64/”n)] I

0

!
%% . C o . B . . . . i
$ ‘ < . . e
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'The closed stirrups or ties paretllel to the main

tension reinforcement having a total cross 'sectiqnal area

\\/f‘
Ash t less the O. SA shall be uniformly distributed

within two-thirds of the effective depth adjacent to the
main tension reinforcement.

" The minimum. ratio =4 /bd\ shall not be less than

004f'/f. i \

4

When the shear-span to ‘a‘eyth ratio a/d is one-half

- . » >
or less -the design provisions of ACI section 11.15 may be ..

i '.
used- in lieu of ‘the equations described above.  Hence

the proviéioné apply where it is inappropriate to consider.
shear as-a mea.-:mre ‘of diagonal tension, and p‘arti_cularls; in

—~

design of z;ei’nforcing" details for precast concrete

'structurgg. . R : : ,*

‘/ 4 crack shall be assmned to occur along the shear

path. Relative displacement should be considered to be
resisted by friction maintained by shear friction )
reinforcement across \:he crack.. This reinforcement shall
be approximately perpendicular to the assumed crack

(Fig. ‘3.4) ]

T SHEAR FRICTION
“REINFORCEMENT -
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' 2 :
‘The shear strass allowed by ACI Code shall not

" exceed 0.2 fc'> nor 800 psi -

The rghuired area of reinfoircement A,r Bhall be

computed by .\ s , " -
v :
A= PR T A S Rakey
> "Where * \ " ’
\ lgl = ﬁ;, Ky = Lo4/u - —~_
i '\

Thqjdesign yigld strength fy ahﬁjﬂ\not exceed
60000 ‘psi. The coefficient of friction 1is listed as

followz‘ " N
: e
TABLE 11
CRACK INTERFACE - RECOMMENDED  MAXIMUM
CONDITION . M .V, PST .
CONCRETE TO CONCRETE T 1.4 800
./ CAST MONOLITHICALLY ‘
CONCRETE TO HARDENED > .
* CONCRETE, /4 in. ‘ 1.0 . ;600 -
+ ROUGHNESS o a
CONCRETE TO STERL ~ 1.0 ‘ 600
" WITH WELDED STUDS : g L e
. . ¥ - * -
CONCRETE TO CONCRETE - ° 037 ' - 420
SMOOTH INTERFACE ~— . — e .-
ln g q ’/,
. n \ _ / \
" \ . D %
- v/
- -
. . v ‘
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.- + If an a;ciel :t‘orce‘Nu is present, then %,f should

be calcualted by:

A4
%_f_a W—y—(;?-'-l;nu)

N

Kﬂ&’ect tension reinforcementi across the assumed
cijack sl}eil be provided. The shear-friction reinforcement
shall be w¥ll distributed across the assumed crack and
shall be édequgtely anchored om both .sides by embedment,

hooks, or wel irig to special devices.

3.4 connecrIgns (8) (9) |

. nce the gign _of connectioes-in precast conci‘e*f:e
elements is a ver';dimpmtant‘part which 1y relates the
strength of the whole structure sufficiKp*ovisions
' should be made to ensure that all the precast elements can
be connected exactly and firmly\ , -

< Ig_g\ reinforeement may be designed in accordance -

with the shear ‘friction theory as described in- Section

~3¢3. A basic gssunption used in applying the shear friction

concept is t{xat the concrete within Xhe connection area
will crack in the most undesirable mammer as shown in |

(HE: 3.5). Ductility is achieved by placing reinforoement

aorosa this crack so thet the teneion developed by the N

reinforcing bars will provide a normal force to the craock.
Thip normal force in combination with “friction" -at the
craci: interface providos tho shear resistance. .

~
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Fig. 3.5 Shear friction reinforcement
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The reinforcément required can l)"e calculated with

N " * the formula as“described in section 3.3

- (\E +N )

f ' ~ * . Reinforcement across horizontal cracks can be %
c v'/ ' .
alculated as _ s ‘ -
Ave Tyv C . \
A, = - R
) sh— v8 oA _ o
Additional confinement reinforcement should be

prov1ded in both the vertical and horironta.l directions

and may be determined as

%

Acv = Ach =

«qsf '

e Roof slabs particularly are exposed to wide'

%en‘xperature'differences, wf;ich may lead to correspondingly
. C

-

‘large thermal deformations. .

It has beén found in obse.rvatior'n that the thermal
deformation in roof panels was four times grea.ter then in
the extemal walls of the top storey. ' .

Vihen the roof panels are rigidly attached to the
a\tructure of the top storey, sp.ch différentf.al thermal

. deformations also cauéo cracks to 'appéa{‘ on iﬂe external
face of the building. To avoid the formation of cracks, the
roof ehqul'd be di:riﬁed by suitably clésely-;spaced .expansion

L joints. o - ' ‘ -




_insulated on the upper surface must have e%gansibn Joints

~ roof slabs should not be greater than 40 m: accpfding to

roof slab should be so designed that along the)edges of the

' relaﬁiqé to the lower insulating skin.

. :‘s Sy - J{ -
% . ) /
S =35 - - .
. Polish standards speéify that roof structures no%

not further apart than 20m. The joint must be sufficiently

deep to give the roof complete freedom of thermal

deformations. _
“l
In buildlngs made of. large prefabrlcates, particu-

larly with ‘shallow ventilated roofs, the fulfilment of the

above requirements could be ré%her diificﬁlt.

The need %S-provide exﬁansioh joints in :%é upper
skin of & roof structuré may{be obviatgd by-laying theq
panels loosely on supporting girdeys or other beams of the‘
gain roof and leaving anx joints'afdund’the_panelq. |

The spacing of expansion joints in unveniMated

the Po;ishxatandard.(lb)

* Experience has shown that, in prefabrica&ed buildinga

e

with/ggventilated roofs, the expansion joints sho&ld,be

epaced even more closely (approx. 30m). Alternatively, the.

bullding, the upper skin of the roof has a degree of

freedom which will allow it & measure of deformation -

e
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4.1, All panels, joists and girders are'precast concrete

APPLICATION - DESIGN EXAMPLE

* A roof plan end cross sections are show.in Fig.

' members.
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CHAPTER 4

Tﬁerloading agqrmaterialé used are listed below. )
DEAD LOAD: 50 1b/sq.ft. |
IIVE LOAD: 100\1lb/sq.ft. (heavy snow load -
g) condition) -
» - . R .
CONCRETE : ~ £, = 4000 psi . A
STEEL FOR REINFORCEMENT: £ =.60000 psi
' STEEL FOR STIRRUPS: £, = 40000 psi
DESIGN METH(D: Ultimate Design Method.
DESIGN. HANDBOOK: ACI Design Handbook Vol. 1
\ : «
-+ PCI Design Handbook ] ;
- ‘. . | ) - . a
- ]
. 1
| a‘
; ’_:M
v - * ) <
r "o . i
- l‘ ! |
co W T ’
. . s " \’. T . ~
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~ a

For #lab . )
Dead.load = 50 1b/sq.ft. \
Live load = 100 Ib/sq.ft. o

™ . ' Thicimess of slab h = 1.75%

‘Ratio m = 4.75/9 = 0.5 1.
~ Uniform loading 1) = 1.4 x 50 + 1.7 x 100
- . ‘ = 2.4 1b/t%. B N

] For short span S = 4.25' (clear span) N
Using moment coefioients c ,fggxg Table 1 = -

/ -

For positive moment ¢ = 0.074
- .~ For neé:ative moment C = 0.0éB I S e
o . Positive moment at md-span -\
| ¥, = OWS = 0.074 x 240 x 4.25° = 3éd.79 £6.10/26, ©

o et Y e -, L “
- PR g s . :
-~
-




| . . ’ =39 -
Negative moment at support.

M, = '0.098 x 240 x 4.25° @ 424.83 ft. 1b/ft.
\-"’
* ‘For baJ,anced»condition the reinforcement ratio

0.85¢ " | | |
fb = c /31 < 87000 , \‘

+
whoré (3, = 0.85 for £,' = 4009 psi

o et A

fy" 87000 + T

0.85 x 4000 x 0.85 . _ 87000
Ry = - 60000 -7 87000 + 60000

"= 0.0285 - ~

/

- Assume (".—. 0.5 (b = 0.5 x 0.0285 = 0.143

From ACI Handbook Teble Flexure 1.2
For F = 0, 143 we get
Ky =6 ay =3
For positive moment
"‘A..; © 0.32 . . ) 2 : A
B‘::E;a— = 1993 %I < 0.10811? , . e
\ - . : - '

For negative moment

- ) ‘ . 4

- LAy E 0.425‘ = 0.108'in2‘ . : .
. k 8 3.93 X Uois -
For long span L= 8 83" (claar span)- A ~

' positive moment dt mid-apan
. M, = 0.044 x 240 x 4.25% ‘= 190.44 £t.1b/ft.
' ' " - . ' ' . ’ ,

4




L0 | - -0

Negative moment at supports.

4

M, = 0.029 x 240 x 4.25° = 125.72 £4.1b/£t.

For positive mome_nt

_ 0,191 _ 2 - o
Aﬁ = TO3x1 —.0.0A? in‘ '\ . ‘

For negat iv.e moment

: 0,126 . 2
hy =TT oo7E = 0043 in

-

use WWF 6 x 6 - 2/7 (0.108, 0.049)

v ‘ ¢
Checking minimum reinforcement required 'by ACI code
318-71 secs T.13. -

L)
Al
A

A = 0,0018 x 127x 1.75 = 0.038 <. 0.049 = 0.K.

3
Checking shear
. - )
Wig - %*Mz_2401425 3 ~0.5
\ R - 3 2
, : v' . S
< X T )
"= 467.5 lb/f‘t.
m' rar*‘t?"—m 61.11 pst
N Allov!able shear stress
. | . . " ®
|V, = 2/;7 = 2/8000 = 126.5 psi>61s1l  O.K.




4.2 RIBS ' AN

a) INTERMEDIATE RIBS

L - /&J’
WF éxs--?/(

. x
' Ai - 1\’ ? Y
i . 32@)9’/ ) 1‘ _\(:? | %
[
- - [ 9'—0” r ’ , )
‘ . E - Pig. 4.3 . . ’ ‘*‘
Slab load 240 E 4:.73 » 3 "20‘5 = 522.5 1b/ft.
Om weight = % x 458 x &332 x 150 = 32.55 /et
| Potal losd w = 2 x 522.5 + 1.4 x 32.55 = 1090.57 1b/ft.

o ) -

Rosisting moment
"M, = § x 109057 x 9% = 11042.05 £t.1b. or 11.04 £4,Kip

s

o~

T e e T e i AN S s S N A B N, Bty S0 L iy 3 e e oo g e f o it
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The fldnge width b’

i | ) b, = 51 'd = 6.5" hf = 1.75" |
E ) P . . -

From ACI Hendbook Teble Flexure 1.2

]

6 + 2 X 6.25 = 18.5"

-

P d2/12000 = 18.5 x 6.52/12000 ='0.065

[
] ﬁ | .
K, = M /F = 11.04/0.065 = 169 L :
> h ) )
f =0.0032, c/d. = 0.066
»: . 3 A .
~ The ratio he/d = 1.75/6.5 = 0.269 > 0.066 (rectangular -
. section)
. The reéquired reinforcement
=K .+ Ay =Pra = 0.0032 x 18.5 x 6.5 = 0.39 in®
3“‘ ] - ’ ‘ ‘ v, | ’ N ’
Al ’ : ) o :
- use- 1 ~"#6 (0.44 >0.39)
* Cheking minimum reinforcement required
- - B o
A, =3‘§.§-;bd =‘6§%8€_T‘ x 18.5 x 6.5 = 0.40 1:ﬁ<o.44
o ' Checking shear - |

V, = 1090.57 x 9/2 = 4907.57 1b.

4907.57 4
u= 0.85 x5 x6.5 = 177-65 psi >126.6

~ i o
X ‘ L3 . Lacd
. i . use #2 stirrup at 9" A, = 0,10 1n?
‘_ . N 4 a
. / , . 2 ' e ¥
A o .
A ! N - .
' . o~ . ~
R 2} b o i R -
- - -
g - N -
~ o ' ",
. . ‘\\ .
\ . - - - L 3 ' o
.’ Pl - .. A . 'Y *
LY ’,.4 o .




@ ~,.

o . .
4 . .
N

Required shear reinforcement -

-

A, = S(Vy = V.o, _ 9 x (177.65 - 126.5) x &5 -
B = Z0000 7 -

) -2 0.06< 0,10 /0.K.
» | C ‘ : 5 , o o
~ Doe T % - - e
. | . b) "Transverse perimetric rid L
) h “. - -t - '
L u /- ‘d . ,2@-‘9' - .
’ N\, .\ |
. A
‘ — < .
“' " a
WWF 6x6-2/7
\ L.
el ~ . ’
o L | - PR
° ‘ . /‘ Hgo 4, : ’ =
] 4

e Slab load = 522.5 1b/ft

i

£

O weight = % x tF8 x 2083 ¢ 150 = 53.39 /et o

Total load w = 522.5 + 1.4 x 54.39 = 597.24 1b/Pt.

: Résisting n‘xoment\
.— r’ ' . . 1 ) ket N . B ' .
. M, = §x597.24 x 92 = §,047.05 £t,1b or 6.05 £i.kip
. : ! Q “k;{ 1 :l N . . . | L
: S ‘ SR G e .,
y : T

‘ > . . B
. . v .
v .- . .
- - : ‘ -
- - B




. [ ‘I . Q, -
?:\‘"\.'\ . I 'ﬂ |
M “‘ ’ . V .
- 44 - ’ ,
) N 1”)‘ )
From b = 5" d .= 10.5" i -
¢ w. ’
< N ~ » T % » .
F =5 x 10.52/12000 = 0.046 , ’
-VV‘ ’ . ~ T T . . ‘
. K, = 6.05/0.046 = 131 (ACI Table Flexure 1.2) .
1 ) B v ‘ ' N ¢ N
£ = 0.0025

The equiréd reinforcement — ~
A, = 0.0025"x 5 x/10.5 = 0,13 in®
i ' uUse 1 -\#4 (0.20 > 0,13)

AN ., - 200 _\. 200 SRR
._,» ', AB—T;"I d-mx5x10.5-0.184{0.20

) \

s .
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o) Longitudinal Lerimétric rid
2 /f. ‘ :
-l &' l . . K
| = #_%I ,
. ‘.z\ R /K‘I i
| kY '.; X /-8 S 2 ) '
N — 7 STIKRUP S
<:\ 1w —t ) v &
/
a ¢ = )
2-"2 ' ’
~ ’ . 21vE D {DE’AD LOAD
' ;
79257
\ -
: ‘ | N
| Fig. 4.5 . ' S
4 ’. “
. Dead oad / ’
iy . : ‘ '
™ ‘ L | _ , ¥ 231.85 1b/ft.
Intermediate rib 32.55 x 9 x 3 / 19.25 - 22.83 l'b/:ft. ,
; T ™ 2.5 6, | |
L om weight (352 x 5522 + 4 x 4, )x150=32.94 1b/2t.
- Ce ~ )
oo 5 Total . - = 287.62 Ib/ft.

/M, = 1.4 x § x 287.62 x 19.25% = 1865171 £4-1b ™
' or 18.65 ft-kip
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Live load ,
. ‘
(100 x 4.75 }_.20_-‘2_ x 9 x 6/2)/19.25 + 5@1"—5—1@ ,

= 463.69 1b/ft. » " / k

Since the longitudinal perimetric rib is designed
as a continuous beam for live load by extending the main

bars beyond both ends of the rib,;the positive and

¢

negative moment coe{"ficients are -bbtaine_d as described in

[N

section 3.1l. - -

4
-

Positive moment at midspan

M, = 1.7 X g X 463.69 x 19.25° = 18256.53 £t-1b.

o e

or . 18.26 ft-kip
- . Negative moment at support . \

M, = 1.7 x 37 x 463.69 x 19,25

26550 .00 ft"lb' v

or 26.5% ft-k:lb

Total: positive moment

© ' M, = 18.65 + 18.26 = 36.91 ft-kip
N - LN

=145t T Ry =25 d=10"  np o= L750
T P o= 14.5 x 10%/12000 = 0.121 (ACI Teble Flexure 1.2)

~

2 Kj = 36.91/0.121 = 305
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L = 0.0060 . c/a=0.12

hf/d = 1.75/10 = 0.175 > 0.125 (nﬁng‘ular 4section) .
N f * hY '

'Aa = 0.006 x 14.5 x 10 = 0.87 in°

J

use 2 ~ # (0.88 > 0.87)

For negative moment

b=4" d=10.5" h, = 4

P = 4 x 10,52/12000 = 0.037

K, 26.55/0.037 = 722

v A

(° = 0.0155 c/d = 0.323 -

hf/d = 4/10.5 = 0.381 > 0.323 (rectangular’sectib‘n)

A = 0.0155 x4 x10.5 = 0.65 in°

° )
use 1 -~ #8 (d.79> 0.65) C
Checking shear
*

u

(1.4 x 287.62 + 1.7 x 463.69) x 12.25

11462.81 1b
T

o 11462.81 . _ -
V, * OB EDETos = 513.74 pei > 126.5
Shear reinforcement is required

Use #2 stirrupa. A, = 0.11




3
17-0" from support~— . S

-
u

1146081 - (104'x 287062 + 107 X 463?69)
10,271.87 1.

NPT
L\\_
=
i

10271.87 - 126.5 x 2.5 x 10.5

é
ey
%

7,449.34 1b.

\ 4

. The spacing of stirrups

A Sy 0.85 x 0.11 x,_40000 x 10.5
9= g;=VET = 43 34 !

5.27" use 5*

< "2'=0" from support
/

+ W, = 11462.81 - (1.4 x 287.62 + 1.7 x 463.69) x 2
= 9080.93 1b. . |
.V, = Vg = 9080.93 - 0.85 x 126.5 x 2.5 x 10.5
= 6258.40 1b:
v | 0.85 x 0.11 x 40000 x 10. _ , :
- 8= Z958-40 = = 6.27" use 6% .
: . 2F (Y
4 %Q‘ . T \
R R -
A% — L / M4, " i
YR
) %
W ® ek
u
o 4 . '
‘ g |
1'18: 406 <, T ‘v:‘
) i ); ‘ e . ) T |
. ":‘1';. [ , ‘,t{‘ 1 \
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a) Section at mid-span »
-~ "
0 = % 6 ,
29 x10 .8 »

n = E =
8/Ey ~ 57000 /4000

¢ ‘ ' s A

To find the neutral axis location
25x625x7125+24x175x11125x4x4x2

) 2. 5 X 6.25 '+ 24 x 1.75 + 4 x 4
\ ‘ ’ = 8.310 . ‘ . ‘ o

X =

The moment of\inertia of gross section

= 13 x25(433+1953)+1/12x24x1753

Ig =
¢ + 24 x 1.75 x 2.825 »1/12x4x43+4x-4x63
, = 1074.71 in** '
) The deflection due to dead load '
A 5w14 ___5x28762x19254x123
a- 3&4EI | 384x57ooo/‘mib‘"x16” 71 O
a | ’, A 4
2¢”
~ N zzrzzzzZA SV
" — 1
N _ : -
gﬂ- ’ .' A
. 4| " —_ ‘
* R
‘ ¥
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-

To obtain the transformed section moment of ineréia:

Find the neutral axisxlocaiion

24 x 1.75 ( x = 0.875) + 2.5 (x—}ﬁzg)z/z 0.88 x 8(10-x)
1.25 x + 44 665 x L103 322 =

E
= 2.18 in ,
\ I, '=1/12 x 24 x 1.757 + 24 x 1.25 x (2.18-0.875)2
+1/3 x 2.5 (2.18-1.75)3+ 0.88 x 8 (10-2.18)° = ¢
-7 =512,83 1? ‘
Cracking moment ‘ co .
& £ I
Mop =8 &
2 |
Where fs = 7.5 / Té = 7.5, / 4000 = 474434 psi
_ 474.34 x 1074.71 . -
Hence M., = =g.3°x 12000 . = °-12 ft-kip

\

ihe maximum moment at midspan .

Moy = 1/8 (287.62 + 1/16 x 463.69) x 19.25 ;

= 24061.78 £t. 1b. or 24.06 ft-kip

M. ,
or .. 2:12 _ g,22
M 24.06

~ 3 -

"
The effective moment of inertia

=:0.01 x 1074.71 + (1-0.01) x 512.83 = 518.5 in*

~
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b) Section at supil)orts.

Fig. 4.8

£ To find the neutural axis location '
4x4(xg2)+2.s5 (x-4)2/2 = 0.78 x 8 (10.5 - x)'
1.25 x> +12.32 x - 78.36 = 0
X & 4.4 in |

.w\..
ol e
h

o B Y

>

..
ez
5T

I =1/12x 4x4> +4x4x (44 - 2).2_+\c).79x8

(10.5'- 4_«1)2 +1/3 x 2.5 (4.4 - 9)3. \
4 ? - . —

G PSS

= 350.60 in

. Cracking moment ' ‘ / ' !
. \{ - e

, , ‘ M = 474,34 x 1074.71 = 11.48 £t - kip -
- e 3.7 x 12000 ‘

M. = 1/11 x 463.69 x.19.25” = 15620.56 £i-1b
’ or 15.62 £ - kip

~

>
1
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M ' M3
(+8F-) S = 11248 _ o.74  (5SE)] = 0.405
E;;; Em ' Mmax ,

—

y
The effective moment of inertia

M oM
T =‘(cr)31+[-1_(cr)3]1
e ”Mma.x g ‘ Mrna.x cr

. A € )
. 0.405 x 1074.71 + (1 - 0.405)350.60 = 643.88 int

'

The average effective moment of inertia

581.19 int

I, = H(518.5 + §43.88)

i

The immediate aé lection due to dead load and live load

-,

.

. 2 ) . o
‘A 512 (4 _ Ly - : _
A (a) ”mﬁr[’{‘s'm%*%] -
| 5 x 19.25° x 12

. ] 2 .
- = 24,06 - ©='x 15.62
[/~ 48 x 57000,/2000 x 581.19 [ 10 : ]

Tl ~ f x 12000 i
= 0,67 in |
'\,F:l.n‘a.;l. deflection 7
Ay = 0.67 - 0.23 ;_,qo.ﬁ44_1n‘, L_,‘ R
The mllowsble deflection,
A e g = 19.25 x12 "4 49 > 0.44 0.K.

TR0
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-
Checking distribution of flexural reinforcement for

-4

[ 4

? £, = 60,000 psi>40,000 psi

-

The distance from ext:;'eme fibre of concrete to the centre

/

of the ad,:]acent bar

dO = 2"
The average effective tension areé of concrete

A = (2+414+2) x2.5/2.= 6.25 in°

£, = (Mg + Ml)12/(d - kd/ﬁ)As

where k = ./(n[»’)z +2npP - npP

ey 'f-'=/(8x§?—§%)2+(2'x8x-2%§%16)
,‘ -8 x 8 = o2 ‘
X e 2, = /24.‘05 x 12}0.86 (10 - 0.52 x 10/3)
= 39.69 - N
] |‘§®=fe3ﬁ;i=39‘,693m “
L ' o v " = '92.1141;5 _ | 0.K. N ‘/\)
N
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l . 4). %6 EXTENDED LT
. .
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Y
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Pig._4.10 Connection between paneis,qus‘ta and 'gi_rders
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Pig. 3.2 EE ° L,
9 . . ki ~ ‘ _‘,: . - .

= .
a9 . >

-
'

0 "
.

Dead load: ‘ ' o o

. ‘ -6 32:94 x 19.5 + 53.39 x 9‘) + 9(32.55 x 9)

© o= 1316.35 /g8 - - N

'y

,‘.' . - ‘ . . 0 s a ’
\ﬁm weight: S N -
1% ‘ S ' ¢ ‘ T :
o [mes s xos s B xd) —axaxuscos
a' . i . ' K 7 - I) .
‘. S e
- - 16.17 x 2 x 0.5:] x 150/38.83. 2 i o
L = 225.55 /8% - ’%éxi e
K . : . ‘ Ty « :’;




) SN e . N ‘
- A " a\58 = "o
b v /\8 = . ,

- N ) V ,
g Live load: . .

20 x 100 = 2000 1bv/ft -
.. .

Ve Resisting moment; ;‘:{:, . . \ . Ly

»
R Y TR I3 - R AN . st IS

o ' [ 2 157
' - ° = . . . 16. “
. Mu d.4 [-8122555138 +8x13 35 ’l'"” '

- N :
‘ : ¢ ' i :
9 h ‘ 29:’6 (2 38 - 29.63) +1 7.x 1
l .o { X~ .63 p & = £ ) . . '8 ;
i ‘ ‘!. \:' A i } ( . \1 ' é
o * x 2000 x 29.63 (2 x 38 - 29.63) , , i
o e o ' !
[ . "] . , _,'
| o -0 7= 957425.55 £4-1b oo
: . - . . . ? ‘i
1

4 o, : \ ok o . )
T oy . OR = 957.43 ft-kip A S / ‘ :

,\. N \ .l , ' ’ . (/" e ' ' . ‘ \ ' L ;

‘s'_ : ) | . b.= 17,. fb' - g.: ‘a‘d = 4511 hf - ‘8-
& Y ' ’ . ~

7. B =17 x 45%/12000 = 2.87 )

- . , e ' : L ,
K, = 957:43/2.87 =33 . »o
L ‘ "" T L
5

o s N .
[ =0.0066 ' - ¢/ =0.136 (ACI Table Flexure 1.2)

-

ld

. -l;f/d = 8/45 -'9._1'(8‘ 503136 (Rectangular Section) ' .

. . .‘ o )2.
‘e Ay = 0.0066 x 17 x 45 = 5.05:111 S~

-..'. a .
., Use 4 = #10  (5.08 > 5.05) . , e "
' &

! '\ ’
. ~ M .
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Checking horizontal ehee.r

°

The design shear ;bad. .o j S

[1.4 (1316.35 x 29.63 + 225.55 x 38) + 1.7 x . Qﬁ ‘

2000 x38] /2 _

4

.0

‘"The horizontal shear stx‘e'ss' A

v ‘ .
Yan = PoA- " GBS ae T aE = 426:59 > 350 pei

~

‘The maximum allowable shear stress

b
Vy = 0.2 £,' =0.2 x 4000 = 800 psi>426.5 °

-

Hence shear friction reinforcement is required. The .

v

.'reduced cdpacity! horizqntal shear between support and

centér lind of the span 18

v,
T i x 426 59 x 19 x12 x6 = 291.787 56, 1. ¥

-

;-
The total shear

r

©

Va O 85 x 291 787.56 = 248 ,019.43 1b. . .

Required area of reinfqrcement

np Ny
i R iy M
’ »




For concrete placed again'i;t ha;dened concrete

N s

"

( Table I1I)
40000 psi

2480/9143
0.85x40000x1.0

7029 in

= 0.22 in2

Use / #3 extended stirrup

The reqjired number of stirrups

mU?e 34

The%pacings of these stiwrups will be arranged apcording'

Yo the calculations in horizon‘tal Bhear.vertical shear and

connection. (Fig. 4. 13)

" Checking vertical shear

)

97902.05 1b.
ow from support

97902 05 - 1.4 x 225. 55 x =’7533-65 1b

Noming.l ghear stress in concrete

-8 2 Jg =085 %2 x /A000" = 107.5 pel

Shear force carried by concrete




~

SN -

- 61 =

L

Vu' = 107.5 x 6 x 14 = 9030.00 1b

Shear force ' carried bj' inclined main bars

V, =2, As sine< = 60,000 x 5.08'x 0.24 =73,152.00 1b

>

Use“#3 stirrupe A, = 0.22 in® £ = 40000 pai

The snacing of stirrups -

‘g BA, £ a = 20.85 x 0.22 x 40000 x 14 __ ¢ g3n
(Vo ¥") 97533.65 - 9030 - 73152

Use 6" 9*'-6" from support , o

¥, = 97902.05 - 1.4 (225.55 x 9.5 + 1316.35 x 5.32) =

7 x 2000 x 5.32
= 67,010.06 1b.

&

V{‘ = 107.5 x 6 x 45 = 29025.00 1b ‘ -
i ' . .
Use # 3 stirrup !

The required Spacing .
/

gz 0:85 x 0.22 x 40000 x45 _ g 86w une 8,5
67,010006 - 29.025 . S

\

. ‘Checking distribution of flexural reinforcement =
. . v . . . .

doazn ' . b ' \

‘A = {2 + 2,25 + 2) =6.25% . s
’ 25 = 6,25 ,




2 13 (Mg + M) ' « .
Ay (a4 - ka/3) ‘ . | .

; _ - t
My = 266,79 My = 343.49

_] 2 R 8 x 508 )2 - 238x 2208
k=g eong - n ‘[( 6x45) #x§x45

¢ ‘ T 5008
: -4 : . -8 x

= 0,42
6x45 ¢ : s

>

P, _12.(266.79 + 383.49) . 37.25 pai
8 5.08 (45-0.42 x 45/3) \

‘ . -

. . ) /
35 3 o
2 = fB l dOA = 37.25 2X602.5 = 56.75 < 175,

* .
. 0.X
Y * ealhe
.
- kY
.
- . t
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e f
» .
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” . .
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' Dead load: o

[Y

Concentrated load from joiet and bracket (assumed
'500 1b.) . | I | '

. ’ X N RS |
. Pl 1316.35 x 29.63 + 225.55 x 38.83 + 500

: | . = 48261.56 1b. . i

X "

o X \ ‘ : + *‘65 !205? X 92 ' ‘ t v ’

wy 30X 40x20.38 4 4(53.39 X9 + 32.94 ¥ 19.5
{ . 39.9

= 676.58 1b/2t o

£
' t .
v .
il o
+ . N . .
- . J . = -
\ . - 5 ]
. N N




'Resisting moment: oo | - -

a -
= 2,228,069.35 £t-1b |
: : : L@
or _2 [ 228 007 ft"'kip ' o ' . .
. i b . o ' ' Q P
]
]
"ﬂ' . \‘ —
' -
IS . o -
. R ol e Tt i
q . r * N 1]
' “ ‘/ . . \ .. AN o
. .‘ . “ . “ . ‘:Y
‘ . * o ’ / \’, Lo ‘, [ '
T / < " PR .
» ’ , ‘ ) / . : / T
’ ‘ ! o S ' . C i -
r - . ¢ ' t i - B N
- K ' e . : A .
LI ! -, o U . (

- 66 - ”

Own weight of the girder
2-[525x05+—1-'2*—6ﬁx1§2- : | :
o _ (1.08 + 2433) x 7 13(9) gzx ’18 +79°x 3 2‘5x0 ‘):]x 150

)v

= 268.55 1b/£t> S 3

Live loa.d' -

[ 'Y - -
concentrated load from joist

P, = 20 x 29.63 x 100 % 59,260 1b

", w3 =100 x 10.3§ = 1,038 1b/ft g 5

. ' Py

= #(1.4 x 48,261.56 +2.7 x 59,260) x 39. . °
i ey .

+ 1/8 [M(676.58'+ 268.85) + \.7 x l,_O38)]J’: 392
$ "\
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. @ =0.0094 ¢/d = 0.197
hf /a = 12/58 = 0.207< 0.197 (Rectang'ular seetion)
00094x17x‘58 ' 9.29 in

——

Use 6 - #11 (9.36 > 9.27) -~

. Checking horizontal shear:

The design shear load

= {_b.lo4 [ 48’26105’6 + (676.58 +268055) X 39]

#1147 (59,260 + 1,038 x 39) } /2 = 144,365.84 11

-~

The horizontal shear stress”

—

‘ Vap = __u__ = 144,365.84 . .= 488.05 psi> ' 350 ped
gva o 8\% 6x 58 SN
v . - S
The maximum sllowable shear stress - o ‘
Vg = 0.2 £} = 0.2x 4000 = 800 ) 488.05 psi R

Hence shear friction reinforcement is required. The

v ' reduced capacity®’ hori,zéqt"al "shear between Bupport and

centerline of this span i ~ ¥ J
) B -1/2x488.05 x'19.5 x 12 x 6 = 342,611.10 1b, - -
T . ' : ‘

V, = 0.85 x 342,611.10-= 291,219.44 1b.-
. - ¢

-
.




~ 69 - " . L

P S
. ¥ Required area of reinforcement - ’ q . '
"~ Vu 291219. 44 2
) ‘ lﬂfy,« 0.85 x 40000 x 1.0
| Use #3 stirrups - A, = 0.22 . s
The required number of stirrups . . ” -~ .
) . N= AVf = 8.58 = 39. T ‘
‘ | A 0.22 . - o ' :
‘0 p—
Chegking vertical ‘shear o
Av]

3 - -
.

= 144,365.84 m o

v 1% - .0"™ from support . -
N .

\ .
V. = 144,365. 84 - [2.4(676458 + 268.55). + 1.7 x 1’038] ,

.
~ \ ,
i

T . = 138,962.22 Tbs . e RO
. « - N . . - : - ] -
.. Snéax force carried bygconcrete < _ )
- . < ‘ - /’ . o .
r Vu' = 107.5 x 6 x 13 = 8385.00 1b. -

Iaa

LT Shear - force caz:ried by inclined main bars T
’ . .0 N ‘A . N 1
5 PP A 936x60,090x017=95 472, 00 1b. | .
. , : Use # 3 stirrup A, = 0.22 g : - N
r r—— - . . R A
. - \ . . Y . e 7 ~ . Paad , . . : 5. .

. ’ The spacing of atirmps N e ., N

’voesxo.zzxa,oooo:cla 277" . SR
= 2. L URR Ge) . '
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« N . B . - n
. T 4 = O" from support .
: v, = 144,365 B4 - [ 1.4(676.58 « 268, 55) + 1.7 x 1038
} x 4 <
‘\ ’ . = 13 2014 71 1b [ )
y-, L ¢ . - \_' ' / . N
Sheat force carried by cqncrete\ ' R ,
g ¥,' =107.5 % 6 x 26 = 16,770,0 1b. B
J " ) 5 . . N .
'///27"Shear fqrce'carried by *inclined main bafa ' N
/ . - L 5 . . . . ’ ot
vu", R—4 95'4 72 3 00 Ib [] . ) , . . }

Use #3 stirrups, the spacing . . "

' ]

] . = 0.‘85 X 0022 X 40.000 x26 =(9.8~4’" use‘ 9."

‘e

Using these two spacings .2.5" and ‘9" the total number of

.stirrup% c ' , . : o 5
: ' © ‘ - !
=2 M a5 424229439
2,5 9
b A

Thus horizontal shear governs deaign. The grrangement of
atirrups 18 shown in Fig. 4. 17 ,
‘ Cheeihng distribution of flexural .reinforcement

g = | S

-

The average effective ténaion“area of concrete’

. . .
3 . ]
N A .

A_(2+-2 ~2+2)x5,46=87.51n

ﬁ,'f.
b




.Servi'ce load moment , . . .

-

d

= 650.24 ft-kip M) = 775.13 ft-kip :

{ . i ) ‘ ' u“ ) '
2 = 37.51 355875 = 97.38 <175 v
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| | . 4.5 BRACKET

A , .
| . $-% @ ap'—— | o *

>
Y S i

A

-
N
iy

rs
. ,:~:‘m%,k:.“,£ "

'D“.

| [ g el 9 | - :
';»“ - R " - N Figo 4019 '
i 3 . o : ¥ -
V?rticgl. 10@51 - . .
R 97992.05 T, . 3
_ Width of bracket .\ - ‘

v oA o= 120 ' v
! ~

- . E -, ' < - [2 . " N ' - .
- . | Shear . 8pqn % = 6.(75” . . . . . Lo ’o X . i I.' 'n
AGI - '10.14 givés ultimate bearing capacity s 0.85 £,'




2 B |
e i v, = 75"' p 4/ '
ZO’ " Using # = 0.70 (ACI Code 9.2 - 1.4) | -

Shearing f 0363 | Lo o }

Vu = Q.85 fc'ﬂbd

LY
1 \ ,
The/width of stee_a]: bearing plate ‘a = S~
v .« 1! 2 )
\ - u . 97902.%5 _
- , y 0.85 fc' [/ 085 x4000x07‘x12
- = 3.43M™
use { 4™ x 3" x 5/16" , 1l2™ long
. . Aésume N = 0.2 ' . \, .
. WV, ) \ o o
i - i‘ihe shear stress is givenm .,
Vu = 0.85 x 800 ;= 680 psi o~ E
. ‘ The minimum depth of bracket is . .
sy v, 97902.05
v d = » = = 12|l|
.. . b, . . 12 x680 \‘ , ;e
. R ! L i . ' iQ:
Try d= 18" (depth of bracket). : .
) - .
\ .o 'I‘v/ = 6. 75/18 0.38 { 0.5 f
I"rom ACI Design Jlandbook, (Shear 15) .
‘ = 0.014 - 1.0 end ¥ = 0196 )
&1"‘.’1%.2"\" 3=9-
T ‘ % SRS 5 ' .
’\) ‘f . \ - - '\ T




.

P
&

. . fmax 0.13 fc'/fy
S .
(inin 0.04 fp'(fy

S

y Ag(max) 3 020087 x 12

/ v
i

. e ‘
Ae(min) = 0,0027 x %2

Ut o

Ah”*Aa

v .

)

T

: Shear. friction reinforcement is obtained
o a ' i
Ayg = KyfypVy = 0-014 x 1 x 97902.05/1p00

o © Agy = Ky = 0.0196 x 2}2\; '9'7,902705/1000

Checking the maxidum and minimum reinforcement ratio:

Use 4.- #64L.TT> 1.75) S
= 0.5 x 1.75 = 0,875 1% ..

Use 5 - #;1\(1.oo>:o.875) ‘

-6 -

-

1.37 in2

-

u

0 038 1n2

3 . ¥

Total AB‘ 1.75 ipz

.

0.0087

0.13 ¥ 4000/60000

0.0027

it

0.04 x 4000/60000.

x 18 = 1.88 > 1.75 -

et ]

L



-7 =

-

4.6 SHEAR FRICTION AT COLUMN HEAD -
¢ %A .

g \

1 ' ;9" \
- - GIRDER
|
W 24"« 3 Yx f/,é” 34
& » - ﬁé @ ¢II N4 - '
— 3% 7165
& ggr 3"x3706" COLUMN”

Fig. 4.20
Vertical load ca;r;ed by girder.

Yuj?rA’A,365;84 Ib. |

The;width,oi_steel bearing,

144365 .84
y (X

X

Y

From ACI design handbobk (Shear 15.)

Shear friction reinforgcement is h

)

Total -

” S o
L4 - - *

, )
. Use 6 = #5 @4" (2.64>2.59)

/

%—f = 0,014 x 1 x }44365.84.1000 =

Ay = 0.0196x0 .2x144365.84 /1000

A

o

K]
-

Kyp = 0.0, K= 1end Kpy'=0.0196 -

|
[\
.
o
N
E

N
o
N
-~
-
=

. v . .
= 4.0 Use. £4"x3"x5/16" -~
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i - . \./
i ,.K N 4 ‘ JOIJT » ‘ .
F ' ’ . N )
- ot 7 5 n\
¢ ANLZT 7T .
L ) i : \4 23" 36" e '
. . .COLUMN ‘ |
A . R
- ‘ Figo 4.21 . ‘ [ i . ' L A
j ) ) ‘Vertical load carried l‘ay 'j'p;s't at each end S
) » . . \
Va = 9'?,902.05 1v .
. Bearing capacity . : ’ ’
. 4 .
* ’ \ " .

I . . _ 97902.05 _ ~
s | \Vu = 5—.‘7;8;5-‘ = 3'496-5 psei . . ' '

-
) 2, . - . i . .
.

Allowable beéring stress ~ : s
-t %V, =0.85 £ =0.85 x 5000 = 4250 > 3496.5 0.K.¢

. * . , .
8 For shear friction‘tﬁegeinforeement is ) o
b . As = 1.75 ‘inz (see bracket) = )
The g¢ross sectional area of £ 4" x 3" x 5/16%48 - ',
7 en ’ ¢ - . » B i N > n' v v
w0 Ay m 2,09 > 175 0K,
. ; . ‘:t‘%::‘ " .
,,,,, TRER L
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* JOIST AND GIRDER .
1 " L ’.
B —b—t-}-—4s .
- . - 1’. v .
~— ’/“\ f°
. AoNFINEmENT g
ANGLE- :
_ : | - Fig. 4.22
-~ h
For gitdjf‘ . .
o ) & = 144365.84 1b .
; Ny =0.2 x 144365.84 = 28873.17 1b -
d L At = ¢f“("“+N) ~ S
, where & = 0.85. fy = 60000 pwi, &« =‘1.§ -
. ' : . s -
» ‘ ~ .
a Np = ograsoooo 38084 28873.17) = 2.59 1n?
’ « Use 6 - #6 (2.64 > 2,549) ° : ‘

21, = 0.04 Asb/' fy/ VIl = 0.04 x-0.44 x 60,000//1?({0'6 ‘

~

L . ' .= 1607"

14

Use 18"

\ x»&“ B

an}m:j "‘?‘5” "




- ao' -
ﬁ?e #3 si-irrﬁps A, = 0.22

e

-

1089 - ' o )
N=m_3.57 Us?9n.os@2'
-

For joist

‘ 97902.05 1b.

. L

0.2 x 97902.05 = 19580.41 1lb. -

1 (21992,02 , 19580.41)

. X

,
= 1.76 in> .

) . Y 4
(1.86 > 1.76) , \

14

x 0.31 x 60000/J4000 = 11.76" ' Use 12 \’\ .

x

= 1433 in?

*
.

. ,
! _Use #3 stirrups - A, 20,22

v

4.~

N = 1.3 = 6.04 Use 6'hos @ 2" .,
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- , ' : . CONCLUSION' : | .

[} " . oh. : N °

Precast concrete elements of large spans are very

often employed in various projehcts. The panel size

in this appiication example is 40° by 40' which is the .
- ®* . \ |~
prevaling size in Europe and America,

~

: °
’ } Lo
. . )

This example is designed to satisfy the identified.

xequirements and provisions stated in the ACI Code. The

/ .. Properties of materiafs. vthe designed methods of the =« .

- e

elements and the safety of the :'c'oof‘ structure are considered
in’'this app¥ication., : , !

.Economy is achieved by employing thin slab panels,

and openweb. trapezoidal joists and.girders. Materials .
used in this design are: Z . ‘ .

- ' . /

S ' . Concrete - 45 1b/sq. f%. : RS

. ' Steel - 3.95 1b/sq. T+t.

.
) ! N
i, ¢

¢ .7 All the pregast elements are easy %o prefabricate,

o

v

transport and erect., .A roof structure with this ja’bandard
R panel size may be de’signed to meet 8 varlety of loadJ.ng

cond itions.,

[
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(2)

(3)

()
(5)
(6)

(7)

(1)

Zefabricated Concreté Components jin Industrialized !
u

" (in Polish, Prefabryknowance Dzwigary Sprezone),

‘Zenon A. Zielinski. 'Component Building Systems~

‘Connections for Precast Prestressed Concrete!

3
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