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(1) Mgtenal Strgngth§
Concrete :
' ACI Code uses cylinder strenath _ﬂ as the specified compressive strength of concrete,

' In Myanmar ctibe strenqm test results are normally provided by concrete testing laboratories.

o Therefnre canvers&on Is necessary if ACI Code is used in design.

CQHP guidelines: S £ (psi) f. ... (psi)cQHP)
fc e =f.+0.78 (f, < 3500psi) : hocs )
i = f +0.80 (3500 < f < 5000 psi) 2500 3905
'fC e = 1. +0.8l (5000 < fi= 6000 pSI) 3000 3846
R +0.83 (f. > 6000 pSI) e 3500 4487
ﬁ":'f-_:'{REYNOLDS et aﬂ Accordlng to EN L—mocode OFEC 2 oh Concrete %ru**uf{*:, .
Lo = 080 (i< 6000psi) . Theratio(f'/f,, )increases

: i fc c:.f!;]é i~ f 0 82 (f : 60(70 p31 o 19000 pSl) strongly with an increase in strength.
L ovm 13000psi) - | |

See " PART D, CONLRET[: QUALI‘FY C()NTROL “ for acceptance cr rter;a of cou(_reta and for reguired
:;(targeted) average compreaswe strc-:-ngth to be used in makmg X demgn Use A%TM €31 for ma_kmg

a_ﬂ_d_ curing 5pemm_ens__ and ASTM C1_4.:w_ for si,ump test.




Grade 90
B3 yield plateau
Grade 90

Stress (ksi)

Grade 75

Grade 60

Grade 40

{4
100
Strain (* 0,001}

Short yield plateau
Girade 40

<

Long yizld plateau

10

Strain {x 0.001)

ASTM
Specification

Designation

Minimum Yield
Strength, psi (MPa)

Minimum Tensile
Swength, psi (MPa)

ABLS

Grade 40
Grade 60
Grade 75

40000 (280)
GO0OD (420)
75000 (520)

GU0D0 (420)
90000 (6520)
LODOO (690)

Crade 6

60000 (420)
[ 78000 (540) max. |

BOOOO (550)*

Grade 40
Grade 50

Crade 60

40090 (280)
50000 (350)
GO0DO (420)

60000 (420)
0000 (550)
90600 (6520}




2 (2) Concrete Cover 3

Concrete Protection for Reinforcement (net concrete cover)
The followmg minimum thicknesses of concrete cover outside of the outermost steel are specified .

- Not exposed directly to
maﬂler or not in cnntatt

Ex;msed ckrectly to weathe r
or m contact with gmumi

Zmbwl%’szori\lo 5

3 Eoi
Ain (1 6mm) and smailer bars

1l L

If concrete is poured in direct contact with the ground without the use of forms, a cover of at least 3 in.
shall be provided. However, it may be reduced, but not to be less than 2 in., if at least 3 in. thick (1:3:6)
lean concrete is placed under the footing.

(3) Bar Sgacmq (For maximum size of aggrega;e 1 inch)

where d, = diameter of the largest bar , i = thickness of slab

“




(9) Development Length of Standard Hooks , /,,

Inp = basic development length for standard hook s ( Lo : .
lgp = development length for standard hooks e Critical. b~
dy |~ section | }2:.1!
liw = Iy x modification factor e i
i | 1
: e =)
b L5 : )
d err . Eib | -
b By, agy =2} j'j“ Ef‘;}
Basic development length for standard hooks, /; i Rl o)
. | '
; f‘p (ksi) | ]
£ (ksi) : Wimtene Ly~
40 50 60 (@) 4 dp for Nos. 3 through 8 bars
: ; (&) 5 dp for Nos. 9 through 11 bars
2.5 160d, 20.0 d;, 24.0 d, Q-) 6 dy, for Nos, 14 and 18 bars /
3.0 - 146 dy 18.3 dyind =31 8udy
] Fig. Details of standard hooks
3.5 13.5 g, 16.9 d 20.3 dy

Modification factors ( to multiply ) :

(i) If side cover of main bars 2 2.5 in. clear, and for 90° hook if

clear coveron barestension alsgl = 20, | iiicaiasesse 0.7
(i) If hook is enclosed within closed stirrups at spacing < 3 dj, along lgy....... 0.8
(iii) Reinforcement in excess of that required ... As, requived! As, provided

Note : Minimum I3 =8 dy = 6 in.




e

(4) Simplified Tension Development Length , /,
TS
d, g5.fr

¥

for No. 6 ( 20 mm ) and smaller bars

Unmodified /; for other bars

I f, a f =
—~ = —= forNo. 7 (22 mm ) and larger bars
dy, 204 :
' £ 3
where o = 1.3 for top bars (k:j) 2;5_'
(i.e., 12 inch or more of concrete is cast in a =20
single concreting below the development length I s
or splice in question) 40 | 324, |4
= 1.0 for other bars U 1B
60 | 48 d,
Modification factor = Ag required / Ay, provided (to mtlmply}

For top bars multiply by 1.3.
I, = 12 inch (in all cases) Modify if applicable

(i ' bl
For example. for 20 mm top bars, £ = 2500 psi concr-ete,\

£, = 40000 psi steel,

-’45 required = 1.25 inz and Aq provided = 1.461 inz,
= 40000 % 1.3 . 20 . 1,25
f A ZhyEEDn 0 254 1aG1
= 28 inch : o




r

(4) Simplified Tension Development Length , /; , contd.

Unmodified /; (in.) for other bars

L =050 £, = 3.0 (ksi) £ =35 (ks)

asge e Bllel o Bkl o sl
40 50 1 60 | 40 | 50 60 40 50 60
8 100 {126 L 160 92 1 115 | 138 8.5 106 | 128
10 126 1157 IRY {115 14 | 172 10.6 133 | 16.0
12 151 | 189 | 227 | 138 172 | 207 | 128 160 | 192
16 202 | 252 302 | 184 | 230 | 276 | 170 213 | 256
18 927 | 283 [ 340|207 | 259 | 310 | 191 240 | 288
20 252 | 315 {378 {230 | 287 | 345 | 213 266 | 320
22 346 | 433 | 520 {318 395 | 475 293 26,6 | 440
24 378 {472 | 567 | 345 | 431 | 518 | 319 400 | 480
25 394 | 492 | 591 | 359 | 449 | 5391 333 416 1 500

For top bars multiply by 1.3




3 (5) Compression Development Length , /.

Vpnl Lk e e
di o —"“..._-=_"'— 2 00003 f‘

T

Modification factors ( to multiply )

(i) AS_ reqguired / qu provided
(ii) If confined, i.e., if No. 4 ties at not more than

4 in. spacing c/c is provided, may be modified with 0.75

Unmodified /.

20

Modify if applicable

(i) 1, >

8 inch ( in all cases )

(6) Lap Splice in Tension,
'}

Beam Splices

At or near midspan

{Micidle third}

#

splice, ten

Class A splice: I, ., = 1.0 /,
Class B splice: 1, ., = 1.3 I,

(i) 7 e on 2 12 in. (inall cases )

(iv) Location of splice as shown ( for gravity loads only )

N

splice, and < 50 % of the total reinforcement is spliced within the lap length

Note: (i) [, is obtained as in Section (4) but without applying the factor A required | As, providea for this purpose

(i) Lap splices are generally Class B, except when A, provided Z 2% As, requireq OVer the length of the




- (7) Lap Splice in Compression , /sjice, com
i '
plice, comn . 0 0005 f}

b

Note : (i) For f, < 3000 psi, increase by one-third

(i) Minimum 7. ., is 12 inch

(iii) If 1ateral ties are used throughout the splice length having an area of ties of at least 0.0015 &1 s,
where s is the tie spacing and h is the larger dimension of the member section, splice length
may be multiplied by the factor

0.83 but = 12 inch

e =
LT
R
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i

T
S
O
ey




(8) Standard Bar Hooks

12dp =
| _f 4dp Ay
‘ |L -+ 2.5" min |""‘-- N "
_H ‘ Main Reinforcement
e —=jl=— db
> 3.0" min.
Mo e S —~  12dp = for seismic hooks
o ——— 5 g \/ s
e = . 135997,
![ \‘, A "‘{‘("&\ﬁ%{\/
|
_ I
M ] ) No.6, 7 or 8 bars — No. 8(25 mm)
4 T No. 5 (16 mm) bar i “\
_..J,,._ d o smallf:rj il d (16 mm to 25 mm) —a{j— lib bar or smaller

The tab)e -below gives

- Extension Jength (or)

Stirrups and Ties  inside diameter
(im:h}
Fig. Standard bar hooks B Yoprs o ﬁd,_"i T
o #G(6 mmdia) f L 138 2R
Minimum diameter of bend for standard hooks #6560 85 mmdia) |1 F vz T3
s il Al P18 nde) | TUA | 178 | 894
; S 0 ' 58] 238 | 434
Bar size , d, Minimum diameter (inside) 12 mmdia 178 ' 278 ] 558 |
No. 3 (10mm) through 18 iundia) | 27/ 812 -
No. 8 (25mm) fe2 (22 pwmdia) | 312
) 3 : B2 24 mwidia) | 33/
For stirrup and tie hooks, for bar sizes No. 5 (16mm) and T*ES*(* 75 ) T
smaller, the inside diameter of bend should not be less than e

4d, (ACT).




(
(9) Development Length of Standard Hooks , Iy, , contd.
Side cover > 2% in. clear Side cover> 2. in. clear
2
——1 V = h /-No. 11 or smaller
| l [ 180° hook y I | /'  90°hook
; .
No. Ilor__./ x 0.7 x 0.7 ‘ }-_
smaller § Cover on bar extn.
No. 11 and No. 11 and beyond hook = 2 in.
[ smaller — / smaller
1 dn \ dh <24, olc
‘- | 1 N I x L
e ] Tail
[ 21 clc plus
bend
bl
bt — et f—
No. 11 and < 3d; <2d, <3d, <2d;
smaller clc ofc cfc o/c
x (.8 x 0.8 - x0.8
Fig. Modification factors




\_

(9) Development Length of Standard Hooks

Stirrups required

¢ lan » contd.

b : 1 <2.5"
gy dh ’ | <2.5" clear cover
.‘_.. ]
= ; 2 R = for main bar
/ ] - Closed stirrup
‘Stirrups are required
g% r— —2d, but factor 0.8 does not
3d, Section a-a apply in this case :
Stirrups
| required |
Stirrup support bar — | < 2.5" clear cover for main bar
i
o = j;{:, Al Closed stirrup
% > ¢! | =
deb j/; i

C /J _L( 2.5" COVET e

I A ey ~Stirrups are required

; 7 *  but factor 0.8 does not

Less than L ! : a_p:ply':'ii:ij_._.t_l;!_is-.g_a_sg:':._:, i

2.5" cover Lay 3 iLy

Fig. Transverse reinforcement requirements at discontinuous ends with small cover distances 8




7

(9) Development Length of Standard Hooks , /,, , contd.

Basic Development Length of Standard Hooks (in.), lop

£ =25 (ksi) £ = 3.0 (ksi) £.=3.5 (ksi)

Bar

size f , (ksi) f y (ksi) £, (ksi)

(mm)

40 50 60 40 50 60 40 50 60

8 6.0 6.3 7.6 6.0 6.0 6.9 6.0 6.0 6.4
10 6.3 7.9 9.4 6.0 7.2 8.6 6.0 6.7 8.0
12 7.6 9.4 11.3 6.9 8.6 10.3 6.4 8.0 9.6
16 10.1 126 | 15.1 9.2 15 138 8.5 106 | 128
18 IS iz | 170 | M@ il 988 8% 9.6 120 | 144
20 126 457 | 189 | CiThH b A el n g DRl g
22 139 0 173 | 208 | 126 0150 19g ] Ly | A8 176
24 151 3 989 | 227 {138 473 207 2% @ 466 | 197
25 1561 187 | 236 | ofad b @n e e e fiagg

Modify if applicable




(10) End Anchorage Lengths

(A) Using Standard Hooks

{a) Beam - Column Connections  (b) Beam - Girder Connections

{ using standard hooks ) { using standard hooks )
v e ,
[ > 1, > 8d or6in. JEHZ Ly 200 00,
s ]
clear cover [_, & clearcover H L
22in —CT % > 2in. —i
—~—1— Column
J =t Primary beam
\ ‘ | (girder}
f—-| |
l,z1, =8d,or6in. ly=z1, =8dorGin

Note : Modification factors may be applied to |, values
as explained in Section (9) to find ly, values.

Note : In case the width of column or primary beam
(girder) is not large enough to contain Iy, but if it
is desired to keep the same bar size, then , as an
alternative, the following less desirable method
of anchoring based on total length may be used
[Sect. 10 (B)]. If it is still impossible to place the
hook in the girder, reduce the bar size in order to
reduce the required anchorage length.

\

5
(B) Using Alternative Method (based on

total length-less desirable and only for

use when space is not adequate for
standard hook /)

(a) Beam - Column Connections (b) Beam - Girder Connections
( using alternative method ) ( using alternative method )

T Calumn | |

| == Pricnary beam
clear cover _.__{ {girder)

yj A

clear cover |
> 2in 1 = 2in .
= i o 8 de = Gin or B.d

Note : clear end cover = 2 in. for both top and bottom
90° hooks in all cases.

Note : in most cases under gravity loads only , for the
bottom bars , a standard hook with = 6 in. inside
the column or primary beam is recommended even
though it is allowed not to use the hooks at all; Iy
may be neglected for such a case. For cases with
possible stress reversal, |, must be provided,
however. S
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(" (11) Simplified Cutoff or Bend Points

Note:100% cutoff of total —ve 4,

e

- |

Ly

Simply - supported exterior end with brick wall or spandrel beam

\i-ogzﬁl,i - r—03L*— | U--”n."‘---v-/ = 0-31:;*---—{

& ; | i

AL T i S B i e
N T T i i g e e — — —— __===$__:.::===.:_..—.... ..——::‘_“
i sy !

17 0" - _ et =g

4l 6" Liatl 6" | ss7 < total +ve 4, A

e 012, ___!—t_} 20" 101282, &3 21251,

(a)

g1 A =03 E%-]
RO e a0 e R e A
or R.C.wall | A o e o ST s . e A e R o s et e i
s 3 (total+ve 4, ) cutoff (b}
01251 0.125L
R Foel}
i I
M% r-_ 03L*~] | 03L,%+ - 034 i
| |
i | | ;
i ; SR e e SRR D T S R e e )
e m\.:}'....—.'.-..:-...—.:":mz = :{_. R e B! __l].-_ m\m_—-_—_"::.'—_—...‘:_"q_.r... P AT :
i = L7 ML i v T ARRINY: 1% % 02sr 1 (o)
gl _\,_I - 7
547 L[— — ——p] e — L1 -

[”" If adjacent spans are different in span lengths, use the larger of the two. ]

\_

( Note that, from design
experience, if not more

than _l]- (totdl —ve A) Is

cut off and the rest
caontinued  throughout,
the cutoff points  for
negarive bars may be
considerably nearer io
supports — than  those
shown in the figure for
rearty  egual  spans
under w.d. loads )

J

Fig.

Cutoff or bend points
for bars in beams and
one-way slabs having
approximately equal
spans with uniformly
distributed loads




(b) Closed transverse reinforcement
throughout the clear span at
spacing < d/2 c/c
( for perimeter beams )

|

|

\ building causec
'\ member due t
1 loading or defi
\ concepts are to
! building and to cre
i of beams between

| case of failure of a :ci:a

Standard hooks
for all beams at exterior joints
(for structural integrity)

(¢) Reinforcement in perimeter and other

Fig. Reinforcement for structural integrity

e —
:
.

(_
(12) Structural Integrity Requirements
b dori2d, ]or! 116
_— {- 4, Losd )
\\\ \, a .d) gt L) = :‘}(afiaast-’barS)
T %\\ \ T " ;'ﬂ S / 3 = V continuous or spliced at
RZ \nx ggof T Q I |\’ -— = __::._‘\_\; midspan (for perimeter beams)
< Pt.of inflection h_. Class Bsplice ,,,
: ; o
(a) Continuous beam bars passi < . in ACI318-08
through column core \\_Cmﬁnuous or spliced at \' G (+4;) &’ (for structural integrity)
for perimeter beams or near the support (for 4 (+4,)
(f P ) A all beams) (Class B splice) (at least 2 bars)
(for structural integrity)

/& \ ( As )(axleasthars}

beams




i (13) Anchoraqe Lenqth Available ina Prlmarv Beam (Girder) R
: 1 . : __tuss (inch)

First | Second Third
laver layer laver
#6( 6 mmdia)| b+h -6.47 | b+h -T41 | b+h -8.36
#6.5( 6.5 mmdia)| b+h -651 | b+h -7.54 | b+h -8.56
#3 ( 8 ;nmdia )| bth -6.66 Sjrh =702 | bih -9.18
| R0 10 mmdia‘a-hm -6.86 | bth -§43 | b+h -10.01
|#12( 12 mmdia)| bth -7.06 | bth -3.95 | bth -10.84
[#16( 16 mmdia)| b*h -745 | beh 997 | bih -1249
s T le&{ 18 mmdigf b+h -“.-'.ﬁ_‘. bth -1048 | bth -Is.ii-_
"__-hﬁz‘:?r:‘dary : | R0 (20 mm dia }”_131_]1 -7.84 | bih ~10.!;~9m b+h -14.14
CE T PH22( 22 mmdia) | bth -8.04 | b+h -11.50 | b+h -14.97
i?f-.-‘.f( 25 mmdia) | brh -8_3_4_“ b+h <1227 | b+h -1(5_:‘}_&

: 'b {m) { for the second | ayer}
79 ﬂ}Bdb fin') ( for the third Iayer)

Bar size d,

—=Primary beam

-..Secondar“y

> Primary beam ( Girder) S

oy ismic Loading Criteria :
(14) Other Specifications (for example) SRijak Lgpuing Criteia

C, = 0.03
Building Type :  Intermediate moment-resisting frame (IMRF)

without shear wall and not classified as “high- SeRmle fyoe & 2
rsa” Zone Factor z = 0.15 (Yangon, Zone 2A - UBC)

Seismic Source Type = C
Distance to Source = 10 km

Code of Practice : ACI 318-2008 for R. C. design

Loading Gravity ioad and wind load (ASCE 7-05)
C, =0.32
ismic load (UBC 9
Seismic load (UBC 97) C, =022
Oy gross : 2.25 t/ft? at 8’ 6" from N.G.L. gt Sl
Software ; ETABS Version 9.5.0 for frame =1

analysis and preliminary design . g
Wind Data : Basic wind Speed = 100 mph

Exposure Category B, Flat Ground
Assume " enclosed ”
Occupancy Category II

SAFE PLUS Version 8.0.4 for
foundation analysis and design

Detailing : IMRF detailing
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Seismic zones

According to UBC (Uniform Building Code),

Seismic Zones are 0, 1 (Low) ; 2A, 2B (Moderate) ; 3, 4 (High Seismic Risk).
Yangon is considered as in equivalent Zone 2A UBC (Myanmar Zone 11/III)
Mandalay is considered as in equivalent Zone 4 UBC {Myanmar Zone V)

[ Note : Myanmar Zones are : I, II, III, 1V and V — see the Seismic Zone map ]

Moment-Resisting Frames and Detailing Requirements

(i) Ordinary Moment-Resisting Frames (OMRF) for Zones 0 and 1 (UBC) —
require no seismic detailing; ordinary detailing is sufficient

(ir) - 1riterme‘diate Moment-Resisting Frames (IMRF) for Zones 2A and 2B (UBC) —
require detailing for IMRF

(iii) SpeciaI:Mo'm-ent—Res-i”sting_ Frames (SMRF) for Zones 3 and 4 (UBC) e
requ-ire'detaiiing for SMRF |
Note : Dual system and other framing systems are not inciuded in this discussion. Dual system
means ( shear wall / braced frame ) + ( OMRF / IMRF / SMRF ) acting together.

[
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Seismic Zones and Earthguakes in Myanmar contd.

Historic earthquakes

in AVA Era
1429, 1467, 1501, 1602,
1686, 1762, 1771, 1778,
1830, 1839

Historic Earthquakes in
Bago

868, 875, 1564, 1567, 1582,

1588, 1590, 1757, 1768, 1830,

1888, 1913, 1917, 1820, 1930

Fig. Seismicity alohg
the Sagaing fault




(2) ordinary Moment-Resisting Frame Detailing

— 34" (20mm) clear
0.3/or 0.3/; 0.3/ or 0.3/ i C 3

¢ ; i ‘ Temp. & shr. steel
1 greater greater ] g‘
i | ' {
ql) ; 0" | l # \
) |
ro U )

Symmetrical about G

4
X X o
0.125/ 3" (20mm)clr.
I SUSIRE [ S5 S | = clear span C g b)::czizz;ng
- a i 5
* Min, 6" (150 mm), unless otherwise specified =

Fig. Interior span, continuous one-way slab

For slabs,

Maximum spacing

= 3h (or) 18" (one-way slab - for main steel)
= 2h (or) 18" (two-way slab — for main steel)
= 5h (or) 18" (for temp. & shr. steel)

Note : A, forslab = 0.002 bh for fy = 40/50 ksi ( = temp. & shr. steel )
= 0.0018 bh for f, = 60 ksi ( = temp. & shr. steel )




2‘.1

N

:T:Jtirrup support bars (if necessary)

ACI standard hook 115" B
v - 0.25/ (4gmm)0.3f or 0.3/, 03! or 0. 3!_5 T
i ] : — 11" (4 Ir.
\ ‘1 [ j¢r | greater grcater |, | A Omml) eL
: b T = e Sw—
Simply ] ( <L { [~ ) «f’
supported " ! | '
h " t ,i..... 11"
o 7 = * m i T
. 0.125/14 [0.125/ (40mm)
o EStirrups‘ e 1 ’J 'L clr,
{(50mm) L B ]
glaar —ba b = clear span ¥ s 115" i“ﬂmm) cir,
s ; < under stirrups
* Min. 6" (150 mm), unless othenwise specified P
. Fig. Non-perimeter beam with closed stirrups B-B
2 if the end <’_I"f-'!‘-"f’!'lf wspan beam Is monolithic with K. C. column or shear wall, assume the same as interior-span bean. :

At least Y% of positive moment
reinforcement terminated with
AC] standard hook

1 AC] standard hook

.

12"

At least '/s of negative moment reinforcement
continuous or ¢lass B tension spliced at midspan

At least '/4 of positive moment reinforcement
continuous or class B tension spliced

0.25/ (40mm) 0.3/ or 0.3/, 0.3/ or .31y,
\ clr. greater greater | C —"I
Simply L 7
pom.d , oy ; ' =
i [* [l 1 oms]  [oisl N
2" (50mm) |} SIS f y C
clear i I = clear span S gl R

Fig. Perimeter beam

3

1"
{40mm)
clir.

14" (40mm)

_—-*: cir.

Ha" (40mm) elr,
under stirrups

Sec.C-C

1 For beama

K, spacing of anrmp,s .
18 E"h& sma![esr of s
. 4

H) Sy < S
75\/_ b, 2Ok
d
(.2} Sy = "j'
_~£ i v, >4\/—bﬂ,d)
3) Sinax = : 24 1,

(m12m 1f V.,>4\[r_bd)

(4) 3m or wzia'

min

for main steel




-

Columns

Max, slope 1: 6

Bottom ~
ofbenq /_:, . ==
codb ol b e v o
Special ties to
iy o]

resist outward
thrust

large offset

(a) Interior column

(c) Exterior column with

Lap
sp!ice
. S

3" max. to
bottom of

beam bars

Lap

splice

.

Fig. Splice details at

exterior columns

typical interior and

Offset bend —

{b) Exterior column

Il 3" or more, use dowel bar

S
Not more than s
ih exterior joints_j

Closed tie

r (2) Ordinary Moment-Resisting Frame Detailing contd.

I,
£

For tied columns,

max. spacing is

(1) Smax = 16 d,

(2) Spax = 48 df

(3) Sy = smaller dimension of
column section

Note: tiey at ieast No. 3 in size; no
unsupported main bar shall be
farther than 6 in. clear from a
supported bar. Lateral
support is to be provided by
the corner of a tie having an
included angle < 135°

Note: p_... = 0.01 ; = 0.08

Proax

for longitudinal bars

{non-seismic case)
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(2)

Ordinary Moment-Resisting Frame Detailin

Columns contd.

n

td.

=

~ Fig. Square .and rectangular columns




i (3) Ordin Detailin f me T

Retaining walls

Tension lap

40 for externally exposed faces

—

exposed face as specified
by designer

Note : e.g., 40 means 40 mm

Bar size and pitch for << . o &

Bar size and pitch for earth
face as specified by designer

————— 50 for buried faces

Granular fill

Bar size and pitch as
specified by designer

L Key added if and where required |

Tension laps .
: Y- Kok
,Lm__b ’z_ki. Kicker: 1 =
. CERGTLRELR, ||| | 0
Fig. Details of e W — /,! :
taining walls @ F { / | J
re i | ]
- ol [l ! "y
" L] = — ) |
Tension lap ““T'F I ‘m\\ 75
i_iL‘i_""fJ - Nominal reinforcement

Tension lap\ Large radius of bend specified by

designer if necessary
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(3) Ordina Detailing of Some Typical Structures contd.
Staircase
- PG ; w
ZEE
End-supported stair flights ff/
[ 2 C e Ealts
_ P antilever stair flights
1 SPINE WALL,

I[:-q__—-_—-_-——_-_a#’ |
e S |
e, e .ﬂl/

Fig. Details of cantilever stair flights




(3) Ordinary Detailing of Some Typical Structures contd.

Corbels Two column links (ties) . pga
shisulid be glaced Distance between edge of bearing
Corbels without weld close to corbel top s o

R e e R of the bar diameter or .75 x cover,
N e Gl S RS i whichever is greater

A

g

Main tensile reinforcement.
| Large radius of bend is required.

Tension lap /"~ Secondary horizontal reinforcement.

i P
\/'“// Total area of this should not be less
TTaTEEE L than 0.50 of area of main tensile
.__-Thi's d'etaii'ing IS swta bie Vi reinforcement
when usmg 6 mm bar sl‘ze N Compression bars. Total area of this
'-or sma!ler for 'fhe m ain i should not be less than 1000
SRR mm¢/metre width of corbel
- tensi:te t‘emfercement. :
Compression anchorage e Outer compression bars angled

- to pass inside links (ties)

— Main tension bars

Fig. Details of corbels without weld




(4) Inter i Moment-Resisting Frame Detailin
ﬁeamg | Pmin = ?"J?(’!)(‘r = 200";.."_;'

' Pmax=0.3643 B, f.1F,

Mo\
4 . I \
[a : : o,
| 8 x smallest long. bar diameter : = ; . o
$ =) 24 x hoop bar diameter \ / '
e /
: % ),
ni =M, /3 |
Hoaps Stirrups\ with seismic hooks M : =M, 03
- \ L ; e
; . = | M orM >(max. M, ateither joint)/5
h
ﬁl} 1 ? Note: Transverse reinforcement not shown for clarity
Fig. Flexural requirements for beams
] 2h
4 > S i

Transverse reinforcement determined in
accordance with ACI Sec. 21.3 4 at both
ends

Fig. Transverse reinforcement requirements for beams

.
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(4) Intermediate Moment-Resisting Frame Detailing contd.

Columns

] Largerof Cyor Gy
z 4 Clear height /6

Joint reinforcement

1
A
j 5 <28

See note below

I'ransverse reimforcement in

| 18" :
~accordance with ACI

Sec.21.3.5

¥ I | 83 longitudinal bar diameter
) 24 ~ tie bar diameter
:{ 8o = | 05 = (smaller of Cy or C3)
J = 52 [ 12"
f } Note:

Section A-A

There is no restriction on the
location of Iongitudinal bar splices
for intermediate moment frames.
The splice may be located away
from the potential hinge regions
(i.e., near the joints ) as shown
above.

Fig. Transverse reinforcement

requirements for columns




(5) Special Moment-Resisting Frame Detailing

Beams
Pmin= SJ?CI‘”} > 200/ f}' :As. bl 54"’3 As, reqad
Pinax= 0.025
A Min. 2 bars continuous _,
M_, Fig. Flexural requirements for beams
" M, ,

S

—_—

—-""

M?,>2M_ /2
fad, T BT i 4 -~ kel Lap splice confined and located
nor= Mo T outside potential hinge area
M, or M, > (max., M, at either joint ) /4 = Hoop or spiral
Note : Transverse reinforcement not shown for clarity [ /remforcement
{ Ii at
|
_ dl4
Fig. Lap splice requirements for beams = 4"




(5) Special Moment-Resisting Frame Detailing contd.
Beams contd.

d'4

Crossti
o | 8 x smallest longitudinal bar diameter FEGAL

" | 24 x hoop bar diameter 6y (= 3 in.) extension gctai] B B' 6d, extension

s

‘_‘)\/_ \ 12” ‘/‘::‘\“‘*-‘--._,
<2" ] Hoops Stirrups with 4 AL
A “ / / seismic hooks
5 i - : ;
1
1 T [k
— - /
A J Consecutive crossties shall B A Dewall C . B
have their 90° hooks on
e opposite sides
L 2h | s<d? B o

Transverse reinforcement determined in
accordance with ACI Sec. 21.5.4 at both
ends

Single-and two-piece hoops

L— ; }Y_% Fig. Hoop reinforcement for beams

Where hoops are required,
lateral support for longitudinal

hars per ACI Sec. 7.10.5.3 h‘-_‘]-*‘""'

k Fig. Transverse reinforcement requirements for beams

<g" Section A-A




g
3 —_ r o |
% i } Larger of Cyor C; [ A 6= longtudinal bar diameter |mdhfnlllm l
. = spacing
A Al e § < )
rl b ° 001 =p, <006 ClppramgRr I8 S j Luimde of "'oJ)
A A i U
Tension lap sphece within 4{ |
centre half of member |
length enclosed with f . L
transverse reinforcements Section A-A f 9'35% { smalles e B G) maximum {
vor ACT Sec. 21 6.4 g OF smallest longitudinal bar :
£ s L diameter SAENE
: (L So within /,
T o
6d, extension
Fig. Longitudinal reinforcement Provide additional SEFC L i . i03sb [(Ag/Ag) - 1 (ol £ yp) [mivimum |
g g Sd B | -
requirements and splices in transverse reinforcement Ag 2 1009 s by ft.f I v ‘*Iffel‘ T
columns il thickness > 4" -, within 1,
T-‘ ® Provisions of 21 6.5 must also be satisfied
Ahcmutu 90° hooks ___{i=fi—r - ool ¢ .
." X X X
E’ = ! x< 14" on centre
e g h, =max valueof xon allcolumn faces
i <5, =4+[(14-h, )/3]<6"

cross aczmna'_'area of column care, :
measuaed out ta 'ut of stim.lp steei

Fig. Transverse reinforcement requirements
for columns (rectanguiar hoops)

)
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(1) Preliminary Inspection

>

%,

>

‘}—r

v

Check architectural and structural drawings and specifications

Prepare/Check work schedule, origanization chart, record forms

Check equipment, machinery, tools, power source, site office, construction materials,
storage facilities, transport facilities, communication facilities, access roads, water,
living quarters for staff, healthcare facilities, office facilities etc.

Check/Recruit work force — engineers, technicians, foremen, skilled workers,
unskilled workers, availability of temporary work force, availability of labour
contractors, providers of ready-mix concrete, office staff

Check building layout on ground — distances from control points, orientation, level
with reference to a construction bench mark nearby

Check irregularities or unusual features in terrain, soil conditions, subsurface
structures and groundwater levels and report in time for possible changes in design
or construction

Talk and report to local authorities for future co-operation




(2) Materials Inspection
Cemen

Typé Ilﬁngrformal portland cement for all uses of cement or concrete not subject to sulphate
attack from soil or water or where the heat generated by hydration of cement will
not cause an objectionable rise in temperature. :

Type II ~ modified portland cement used in structures of consuderable size such as large
piers, heavy abutments, and heavy retaining walls to reduce temperature rise, It is
also intended for places where added precaution against moderate sulphate attack
is important as in drainage structures where sulphate concentrations in ground
waters are high.

Type III - high-early-strength ( or rapid- hardemng ) portland cement used when high

strengths are desired at very early periods - from one to three days It |s used
when it is desired to remove forms as soon as possmle or to put the concrete into
service qu:ckly :

Type 1V - low-heat portland cement used where the amount and rate of heat generated must
be kept to a minimum. It is used in mass concrete such as large gravity dams'
where heat generated during hardening is a critical factor :

Type V - sulphate-resistant cement used only in construction exposed to severe sulphate '
action such as in soils or waters of high alkali content. It hés slower rate of '
strength gain than normal portland cement.
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(2) Materials Inspection contd.
ngent cggms

In U.S.A. each bag holds 1 cu. ft. of cement and weighs 94 Ib. In Myanmar, a cement
bag normally weighs 50 kg or 110 Ib. The cement when used should be free-flowing and free
of lumps. If cement contains lumps that cannot be easily broken up between the thumb and
finger, it is advisable not to use it. Cement should be batched by weight and if batched by
volume there can be considerable variation between batches. Unit weight of bulk cement
should be taken into consideration in batching and measuring container should be adjusted
accordingly.

Fine aggregate

» It consists of particles of ASTM sieve no. 4 (= 4.75 mm or 3/16 in. sieve opening) and
less in size. Natural and manufactured sands are common. They have particles ranging
from 3/16 in. down to sieve no. 200 (= 0.075 mm or 0.0029 in. sieve opening).

» It must be clean and free from fine dust, loam, silt and clay because they prevent the
cement paste from binding the aggregate particles, thereby reducing the strength of
concrete.

» Sand should be washed with fresh water if silt content is high or if origin of sand is from
under sea water. Coarse sand with larger fineness modulus is better in making concrete
than the fine ones which are better in finishing the surface.
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(2) Materials Inspection contd.
Fine aggregate contd.
Silt test
The silt test is used to detect the presence of

extremely fine materials. Materials finer than No, 200
sieve is considered to be the approximate equivalent
of the amount of silt. Fill the container to a depth of 2
inches with a representative sample of dry sand to be
tested. Add water until the bottle is about three-
fourths full. Shake vigorously for 1 minute. The last

few shakes should be in a sidewise direction to level

off the sand. Allow the jar to stand for an hour. During
this time any silt present will be deposited in a layer

above the sand. If the layer is more than 1/8 in.

thick, the sand from which the sample is taken is not
satisfactory for concrete work unless the excess silt is

removed. This may be done by washing. Silt test Fig. Silt test
should be made as a routine matter. \ /
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(2) Materials Inspection corntd.
Coarse aggregate

» Usually gravel or crushed stone. Sizes range from 3/16 In. up to the maximum size
permissible for the job.

» The natural mixture of fine and coarse aggregate usually does not make the most
aconomical concrete unless it Is first screened to separate the fine material from the
coarse and then recombined in correct proportions. More cement paste is required to
produce cancrete of a given quality when there |s high proportion of fine aggregate.

» Remove organic matter, mud and silt by washing; remove oversized aggregaltes Dy
screening or at least by hand-picking. Crushed stones are generally cleaner than river
shingles and give higher bond and tensile strengths of concrete. Compressive strength
may be about the same or a little higher. Since ciean aggregates are essential to quality
concrete, washing is well worth the effort.

Poorly graded Well graded -
L Fig. Poorly- and well-graded aggregates (FRENCH) Fig. Well-graded coarse aggregate
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(" (2) Materials Inspection contd.
Sieve analysis for fineness modulus
Table - Typical computations of fineness modulus

e g Percentage Coarser

Sr. Sieve (US) ' : _ -
Sand | Coarse Agg. * Mixture, 40% Sand and 60% Coarse Agg.
1 3m 2 0 SRR
2 1L in. e 3 2
. S.lé\.fes used for gradation test.
3 o - 49 29
e

4 ¢ 0 77 46

5 #4( i) 4 96 50

6 #8( 2 in) 15 100 66

7 416 ((1 n.) 37 100 75

8 #30(2in) | 62 100 85
9 | # 5‘0-(%-{11.)_ | 8s 100 94

10 | #100¢ i) | 98 100 99

Total 301 725+ 555
Fineness Modulus 3.01 Fadnes 5.55 i s
' sieve analysis

_ * 0.40 x % of sand plus 0.60 x % of coarse aggregate




It means fresh water free from oil, sewage or excessive silt. Too much chloride content in
water ( e.g., sea water ) encourages corrosion of reinforcement. Maximum chloride contents
for prestressed, reinforced and nonreinforced concretes may be taken as 500', 1000 or
4500 mi/l , respectively (SIKA). Sea water or b_rackish water may be used for non-reinforced
concrete but is not suitable for reinforced and especially prestressed concrete. Waste water
should not be used as mixing water. Sea water leads to slightly higher early strength but
lower long-term strength (up to 15%). A pH value of 6.0 to 8.0 is acceptable; a value of
even 9.0 may be accepted. Turbidity limit is about 2000 ppm.

Concrete admixtures are liquid for powder additives. They are added to the concrete mixed
in small guantities to me'et specific requirements. Superplasticizers are frequently used for
better workability. Admixtures may also be used for durability, acceleration, retardation,
waterproofing, colour, etc. Super;ﬁlasticizen air entrainer, éet accelerator, hardening
accelerator, set retarder, waterpi"oofer, etc. are commonly used admixtures.

For foreign products, check country of origin; for local products, check manufacturer, type,

slze; always check strengths (test results), surface condition.
k See the table on page (2) for specifications of reinforcing steels
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(3) Proportioning of Concrete

Objectives

>

Y

A properly designed concrete mix achieves three objectives;

(1) required quality of hardened concrete

(2) workability of fresh concrete

(3) economy

Important qualities of hardened concrete such as strength, watertightness and
wear resistance depends mostly on water-cement ratio and curing.

Workability is the property that determines the amount of work required to fully
consolidate the concrete. Although workability is difficult to measure, a
consistency test called slump test is used to estimate it.

To achieve economy, the mix design is aimed at minimizing the amount of cement
required without sacrificing concrete quality. Since quality is primarily dependent
on water-cement ratio, water requirement should be minimized to reduce the
cement requirements. Steps include the use of: (1) the stiffest practical mixture,
(2) the largest practical size of well-graded aggregaté, and (3) the optimum ratio
of fine to coarse aggregates.
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{3) Proportioning of Concrete contd.

Water-cement ratio Table Relationship between water-cement ratio
» If possible, tests should be made with and compressive strength of concrete

the job materials to determine the | Compressive strength Water¥cement ratio by weight
relationship between  water-cement at 28 days, psi {Non-air-entrained concrete)
ratio and strength. If data cannot be 6000 0.41
obtained due to time limitations, water- 5000 ' 0.48

cement ratio may be estimated from 4000 0.57

data such as those given in the table. 000 - 0.68

Maximum Aggregate Size 2000 b.a2

> Generally, the maximum aggregate size should not exceed: (1) one-fifth the minimum
dimension of the member, (2) three-fourths the clear space between reinforcing bars
or between reinforcement and the forms. For unreinforced slabs on ground, the
maximum size should not exceed one-third the slab thickness.

» Amount of mixing water required to produce a cubic yard of concrete of a given slump
(a measure of fluidity) is dependent on the maximum size of aggregate -- the smaller
the maximum size of aggregate, the greater the amount of water required. It is
therefore advisable to use the well-graded and well-shaped aggregate of largest
practicable maximum size to minimize water, and hence cement, content. For many
aggregates, the optimum maximum size is 3 in. from strength point of view.




Waier, kg/m?3

Maximum nominal size of aggregate, in.
36 W2 31 1w 2 3 4%
3m I 1 I I I ] | [
Non-air-entrained concrele 4 400
200
q aon'%
Air-entrained concrete i 4 200 g
100 - -
- 100
Slump approximately 75 mm (3 in.)
wic ratio: 0.54 by weight
0 L} R Nl | - P
475 85125 190250375 500 7501120

Maximum nominal size of aggregate, mm

Cement, kg/mS

Maximum nominal size of aggregate. in.

36 w12 M1 12 2

450 = T b il H

280 -

w/c ratio: 0,54 by weight
200 o A e SR S

~
Slump approximately 75 mm (3in.) ™ 'S

~
|

b

o

4.75 95125 190250375 500 75.01120

Maximum nominal size of aggrega(e, mm
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(3) Proportioning of Concrete contd.

Slump

» The slump test is generally used as a measure of the fluidity of the concrete.
Under conditions of uniform operation, changes in slump indicate changes in
materials, mix proportions, or water content. To avoid mixes too stiff or too fluid,
slumps within the limits given in the table are suggested. Slump tests are easy to
carry out during concreting process and they should be done often so that timely
corrections can be made in the proportions of the ingredient materials.

Table - Recommended slump for various types of construction

Types of construction L
Maximum® | Minimum
Reinforced foundation walls and footings 3 1
Plain footings, caissons, and substructure walls 3 1
Beams and reinforced walls 4 1
Building columns 4 1
Pavement and slabs 2 1
Mass concrete 2 1

* May be increased by 1 in, for methods of consolidation other than vibration
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{3} Proportioning of Concrete contd.

Yo,

» The most direct method for determining optimum mix proportions is through the
use of trial mixes. Such mixes may be (1) relatively small batches made with
laboratory precision or (2) job-size batches made during the course of normal
concrete production.

» In either method, water-cement ratio, maximum size of aggregate, air content,
and range of slump must be selected first. By maintaining, in turn, all of these
items constant except one as a variable, a series of mixes is made to determine
the influence of that variable parameter. After making a sufficient number of series
of trial mixes, based on considerations of workability, strength and economy, the
most appropriate mix proportions are finally selected for use.

» The first trial may be selected on the basis of experience or from established
relationships such as the table given. The table is based on concrete having a
slump of 3 to 4 in., with well-graded aggregates having a specific gravity of 2.65.




Table contd.

With fine sand-fineness

modulus = 2.50

With coarse sand-fineness
modulus = 2.90

] L]

fa¥) ¥ -E E‘ =
5| ¥ | & 8 g . _ . .
s | S| E (s2| 8| g 8| . 8| a| E| ¢
T o & g s X = = .-l « D G - . 3 - O
=F | 2% 127 |50 35| 85 | 85| ¥s | 82 | 85 | %5
5 5 % B o 2| cg o 2| L
< E= = i = o=
5.5 38 | 3 46 8.4 55 1460 | 1190 59 1570 1080
5.5 1/2 | 25 44 8.0 47 1290 | 1460 51 1400 1350
5.5 34 | 2 41 7.5 39 1120 | 1760 43 1230 1650
5.5 1 1.5 39 7.1 35 1040 | 1940 39 1160 1820
5.5 1172 | 1 36 6.6 31 960 | 2150 35 1080 | 2030
6 38 | 3 46 7.1 56 1520 | 1190 60 1630 1080
6 172 | 25 14 7.4 48 1340 | 1460 52 1450 1350
6 34 | 2 41 6.9 40 1170 | 1760 44 1280 1650
6 1 1.5 39 6.5 36 1090 | 1940 40 1210 1820
6 1-1/2 36 6.0 32 1000 | 2150 36 1120 | 2030
6.5 38 | 3 46 7.1 57 1550 | 1190 61 1660 1080
6.5 1/2 | 25 4 6.8 49 1380 | 1460 53 1500 1350
6.5 34 | 2 41 6.3 41 1220 | 1760 45 1330 1650
6.5 1 1.5 39 6.0 37 1130 | 1940 41 1250 1820
6.5 1-1/2 36 5.6 32 1030 | 2150 36 1160 | 2030




g e © g E With fine sand -fineness With coarse sand-fineness
@ & o S 8 modulus = 2.50 modulus = 2.90
BB LA b e BB
| £ Bl 22 ET | uF 5. O o 8 o E b5 0 op C
ol B £ 8| FT5 | 08 | 98 | P u| €0 ¢| B8 | ¥R o | ¥2 g
E g < £ a B e Bl o b | PRl Rl anE
Kol 2 & = BTl e28 | SEELE T 2R B RS "
o = o el g S G s =2
3 46 6.6 58 1610 1190 61 1720 1080
2.4 44 6.3 49 1430 1460 53 1540 1350
2 41 3.9 42 1250 1760 45 1360 1650
15 39 5.6 37 1160 1940 41 1280 1820
1 36 5.2 33 1060 2150 37 1190 2030
3 46 6.2 58 1640 1190 62 1750 1080
2.5 4 8.9 50 1460 1460 54 1570 1350
2 41 D 42 1280 1760 46 1390 1650
155 39 5.2 38 1190 1940 42 1310 1820
1 36 4.8 34 1100 2150 38 1220 2030
3 5.8 58 1670 1190 62 1780 1080
2.0 5.9 51 1490 1460 54 1600 1350
2 5.2 42 1300 1760 46 1410 1650
L5 4.9 38 1210 1940 42 1330 1820
1 4.5 2150 2030
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(4) Insp

Check location, alignment, level, plumb, dimensions and shape of members

Check forms and scaffolding — provisions against settlement and buckling under weight (lateral bracing,
supports, footings for supports and wedges), against bulging under concrete pressure (shores, ties);
preparation of surfaces (plugging of holes, oiling); final clean-up; moistening of wood forms

Check reinforcement in place - number of bars, size, length, concrete cover, splices, end anchorages,
hooks, bends, spacing of main bars, stirrups and ties, stability (wiring, chairs, spacer blocks), cleanness
(no loose rust, oil, paint)

Check fixtures - location, orientation, cover, stability

Check mixers (cleanness, working condition, blades, capacity), vibrators (type, size, number, spare
units), power source, moulds (materials, geometrical correctness, watertightness, oiling)

Check adequacy of concrete-making materials for continuous placement. Check measuring containers
(size, number)

Check provisions for curing (depends on which curing method is to be used)

Check provisions for protection against sun, rain or wind and, if necessary, for concreting at night time
Check leveling instruments for taking measurements before, during and after concreting

Check adequacy of all necessary tools and men for the whole concreting operation

Check expansion and contraction joints, if any

Check safety provisions, such as safety net, safety helmet, etc,.
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{(4) In ction before Concreting cont
» For job mixing, the mixing site should be as close as practicable to the point where the
concrete is to be placed; the aggregates should be placed so that they are convenient to
the mixer operators. The cement must be stored in a dry location, raised above the earth

and covered.

Ramp under
inspection
before
concreting

tise of
safety net
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({4} inspection before Concreting contd.

Expansion an

Steel con.dnuous
through jaint

Joint surtace prepared
by exposing aggregale

Waier face

Waterbar

(&) Contraction joint in reservoir wall

Mon-absorbent
joint fuler

e Sealing

compound

r.g. .\\\‘ o A
| \initial gap
} for expanson

No steel continued’
Inrough jownt

Expansion-type waterbar’

(d) Expansion joint in reservoir wall

ntracti join

Joint sealing.,  Concretle discontinuous:
compound \no mital gap

Steel continuous
through joint

S
Waterbar
(if desired)

(b) Partial contraction joint in
reservoir wall

kFI:JI: ber pads

(e) With rubber pads

Concrele \

discontinuous

Joint sealing —~.__
it no initial

compound on one
or both faces

qap

“Ne steel
continued
through joint

(c) Complete contraction joint in
reservoir wall :

?-:;g:'." Solid or Hexible
Sor 0] jointing
(e

Watarbar in slot \a{uider
than wall movement
anticipated and fillad

with compresasible material

Shding
mempbrane

(F) With sliding membrane
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Expansicon and ¢

~1sl stage of construction
Z2nd stage

b, =
VWaterprooled
paper

Quter face /
Remntorcement

Biturnen or
simifar hilling
/ Reinforcement

Protecting
steel angles

Pad required when  Dry joint
soil is not firm {waterproofed
paper}

Asphalt or simiar

Copper stng s
joint filler

or waterbar

" _G 0.
"'.-_(,/fd@;; aOC’oD S0 "L?}r ‘@v/{@
-(-

SN

VA&:‘? RSS2

5

aterproofed
© paper

(1) Alternative designs for joints
in floor laid on the ground

tion joints contd.

(h) Expansion joint at column

(g) Vertical joint in cantilevered

retaining wail

Asphalt

Bitumen fifling “, Hessian

B
OO

- 1.5 mm
copper
. strip
- - l..__j
25mm gap filled with
bituminous sheet
External face oi wall
[ i R A e _
S BN
meﬂa ey ...nu_" QUUI
j 9 00 S¢S0 e © 0 O D
S PR A e

Q,’,Doo "." 3653050, 10¢
- o 0‘ E)col 4
£ '?' : Oorro‘f’
‘\
Walerproofed/ N
Ceiling
paper
plaster
Timber separating strip
: o Asphalt
Bitumen lilling  rassin

(k) Alternative designs for joints
in roof slabs

Space/‘ Waterproofed
paper

Hardwood
sirips

Copper sirip
ar wateroal

(I} Alternative designs for joints
in external walls of buildings g

m =




(5) Inspection of Concreting
Batching

This may be done by weight or by volume; if by volume, make measuring containers of size
which can be handled easily by workers. Cement-measuring container should be made
larger to allow for bulk density of cement. Or assume that 94 Ib of cement is exactly 1 cu. ft.

or that a 110 Ib-bag contains 1.17 cu. ft. In measuring all materials, surface should be
struck off level with the top of the container using a straightedge.

Mixing

Water should be fed into the mixer over the full period of
charging the materials leaving about 10 % of water to be
added after all other materials are in the drum. Mixing
time of 1 minute is minimum for standard mixers of
capacity 1 cu. yd. or less and additional 15 sec. for each
additional %> cu. yd. Preferred mixing time is three
minutes after all materials have been placed in the mixer.
There is little advantage if it is more than three minutes.
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n of Concreting contd.
Ol OF L4 pERLEl.

consi i

The mix should be only as wet as absolutely necessary for proper placement. Usual test for
consistency is slump test ( ASTM C143 or BS 1881 : Part 102 ). It should be performed often
throughout the concrete production period. See "Testing of concrete”.

Cleaning
The mixer and other equipment or tools used in contact with concrete should be cleaned
when necessary during use and thoroughly cleaned after use. Concrete build-up inside the
drum must be prevented for top efficiency in mixing and discharging.

Conveying
Buckets or pans, carts, wheel barrows, trucks, chutes, belts, pumping through pipes, etc.,
are used, Whenever concrete is dumped or dropped, the direction of the fall should be
vertical to avoid segregation.

i

]




(5) Inspection of Concreting contd.
Placing
Direction of drop should be vertical, Rakes should not be used to spread concrete. The use of

a chute is recommended when fresh concrete must be dropped more

| rainfor

narrow wall forms, metal drop chutes are made rectangular to fit betwee

: 2! 6” - ) 1r 4!{ a
IR-%_-“_—.“%_F-_“WA& //_T
‘\. ] ‘E &
A X ‘.'
\\"\ / ~
"\ /
N
%J!
Hasp eye

Front Side

A rectangular -'dfo.p.'C'hute with hopper
at top for placung concrete in narrow
walls.
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(5) Inspection of Concreting contd.
lidation
Concrete should be consolidated thoroughly and uniformly by means of hand tools or
vibrators. Do not overvibrate as it tends to segregate and water and fine particles move
upwards. Sufficient equipment (with spare) should be provided so that
entire mixer output can be handled without delay. Vibration is from 5 to
15 sec at points of 18 in. to 30 in. Internal vibrators should be inserted
vertically and not be dragged laterally through concrete. It should be
withdrawn slowly while being vibrated. Form vibrators may be attached
to the exterior of forms. They are especially useful for consolidating

concrete in thin-walled members and where metal forms are used.




(6) Inspection after Concreting
Protection from damage

Protect damage to fresh concrete due to impact and marring of surface by rain, etc.

Removal of forms

Vertical forms can be removed in one day. Forms directly
supporting the weight of concrete must be left in place for
longer periods. Props for supporting slab forms may not be
removed before 2 weeks and those supporting beams may

not be removed before 3 weeks but it depends also on

Rewa[ o bk o form whether these slabs and beams are carrying loads from
another floor above through another system of support for
that storey. It is advisable not to remove all supports at the
same time but leave some supports untif the floor above the
floor whose supporting props are being removed attains its

own load-carrying capacity to an extent.

Removal of slab form
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{6) Inspection after Concreting contd,

Curing

Exposed surfaces should be kept continuously moist for at least 7 days and many
specifications require 14 days of curing. Since all the desirable properties of concrete
improve by curing, the duration should be as long as practicable. Preferred methods of
curing include continuous sprays, flowing or ponded water, continuous saturated
coverings of sand, burlap or other absorbent materials. Materials used for water
retention must be kept damp constantly during the curing period. Waterproof or plastic
sheets are satisfactory curing agents; they are held close against concrete surface and
the seams are tightly sealed. These materials should be applied as soon as the concrete
has hardened sufficiently to prevent surface damage. Sealing compound can also be
used to prevent evaporation from surfaces. Membrane curing compound should not be
applied when there is free water on the surface. Nor the compound be applied after the
concrete has dried out. The correct time to apply the membrane is when the water
sheen disappears from the surface of the finished concrete. Chemical membranes are
suitable not only for curing fresh concrete but also for further curing of concrete after
removal of forms or after initial moist curing.
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(6) Inspection after Concreting contd.

A AT R L T

Curing contd.

Plastic wrapped around :

# concrete column Wetting the gunny wrapped
k around the column




Sampling

Use every precaution that will assist in obtaining samples that will be representative of
the true nature and condition of the concrete sampled. ASTM C172 “Standard Method of
Sampling Fresh Concrete” covers the sampling procedure. To take samples from
stationary construction mixers, a receptacle should be passed through the discharge
stream, at about the middle of the batch. From paving mixes, after the concrete is
discharged on the subgrade, take portions from several points until the amount is greater
than that required. When taking samples from revolving drum truck mixers or agitators,
take three or more portions in regular increments throughout discharge of entire batch.
Sampling is done by repeatedly passing a receptacle through the entire discharge stream
or by diverting the stream completely so that it discharges into a container such as a
wh.eei;b:arrow-. ‘The compoéite sample must be transported to the place where test
specimens are to be moulded or where test is to be made and then remixed with a shovel
the minimum amount to ensure uniformity’,_and used immediately for the specimens or
tests. The sample must be protected from sunlight, rain and wind during the period
between taking and using, which shall not exceed 15 minutes. The location in the
structure where the concrete, from which the sample is taken; is cast must be noted \

\_ down.
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{7} Testing of Concrete contd.

Consistency test
Slump test (ASTM C143 or BS 1881 Part 102)

ASTM C143-90a - the mould is dampened and placed on a flat surface such as smooth plank or slab of
concrete. The mould is filled with concrete in three layers, each for one-third of the mould (one-third means
2 5/8 in., two-thirds means 6 1/8 in. and full means 12 in. from the bottom); each layer is rodded with 25
strokes of tamping rod, a round steel rod 5/8 in. in diameter and 24 in. in length; the tamping end is

rounded. The bottom layer is to be rodded throughout its depth, the second and top layers to be rodded

throughout the depth of each layer. The entire test should be e

sl

completed within 2 2 min. Slump is measured as the distance E 1[=*";

of the displaced original centre of the top of the slumped pile.

i
"
Pt
i

\1"
c:%l__ 1/16” thick

= 11’:"\ 1
f
Slump i
test }

procedure

Truncated cone for slump test
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Consistency test conid.
BS 1881 : Part 102:1983 — the mould is filled with concrete in four layers; each layer is

tamped 25 times with a standard 5/8 in. diameter steel rod,
rounded at the end. Immediately after filling, the top surface is
struck with a trowel, the cone is slowly lifted vertically and the
concrete will slump. The decrease in the height of the highest part
is “slump” measured to the nearest % in. The inside of the mould

and its base should be moistened at the beginning of every test.

The slump test may be used as a rough measure of the consistency of concrete - too
wet or dry it is. This test is not to be considered as a measure of workability or proper
water content, nor should it be used to compare mixes of entirely different proportions or
containing different kinds of aggregates. Any change in silump on the job indicates changes
have been made in grading or proportions of the aggregate or in the water content. The
mix should be corrected immediately to set the proper consistency by adjusting amounts
and proportion of sand and coarse aggregate. Care should be taken not to change the total

amount of water specified for mixing with each bag of cement (i.e., water-cement ratio).




{7} Testing of Concrete contd, i

Strength test

According to ACI 318, minimum number of specimens or tests is specified as
1 test (at least 2 specimens from the same sample tested at the same age) for
each 150 cu. yd. or for each 5000 sq. ft. of surface area actually placed, but not

less than once in a concreting day.
According to CQHP, sampling frequency is once each day (or) once for

each 50 m? of concrete placed. The number of specimens is 6 for each
50 m3, 2 specimens from each randomly chosen truck. At least 2
specimens are to be tested for 7-day strength and at least 2 specimens
are to be tested for 28-day strength. If the results of the 7-day tests are
not consistent, test another pair for 7-day or 14-day strength. If the
results of two 28-day tests are not consistent, the rest of the specimens

(if any) are to be tested.

It should be suggested that , in order to cut down expenses on
testing, full testing should be carried out only at the beginning and
when the resuits become stable and the concrete quality is under
control, the number of specimens may be reduced to less than six for

each 50 m3.




7 Making cylinders using p

Making specimens (ASTM C31 and BS 1881: Part 108)

fastic moulds

ASTM C31 - making and curing specimens in the
field; cylinder size for maximum aggregate size of

up to 2 in. is 6 in. x 12 in. Plastic moulds are

o)
common. W

~N

A sample of the concrete is taken at three or more regular intervals throughout the
discharge of the entire batch. Use 3 layers of equal depth if rodding is applied and 2 layers
of equal depth if vibration is applied. The selection of the method of consolidation is based
on the slump. Concretes with slumpl in. or greater may be rodded or vibrated; and
concretes with slump less than 1 in. shall be vibrated. The number of strokes per layer is 25
for 6 in. diameter cylinders and 50 for 8 in. diameter cylinders. The rod is of 5/8 in. round
steel about 24 in. long with hemispherical tip. Reinforcing rods or other tools should not be
used as the puddle rod. To vibrate cylinder moulds, two insertions of the vibrator are used
for each layer at different points for a 6 in. x 12 in. cylinder. Avoid overvibration. The top is
struck off with a wooden float to produce a flat, even and level surface, and the specimen is

covered with a glass or metal plate or plastic lid to prevent evaporation.




4 ™
Making specimens (ASTM €31 and BS 1881) conid.

BS 1881: Part 108: 1983 or CS1: 1990 (Hong Kong Construction Standard) —— the

inside of the mould must be thinly coated with mould oil to prevent concrete

from sticking to it. Each sample of concrete should consist of at least six
increments when it is taken from a heap or lorry, and at least four increments
when taken from a chute or conveyor. Whichever way the samples are taken,
the parts must be thoroughly mixed together. Then, the 6 inch cube mould
(for maximum size of aggregate 40 mm) is to be filled in 3 layers.
Compaction can be by hand or by vibration. If compaction is by hand, then
the number of strokes per layer 2 in. deep should be varied according to the

; type of concrete but should not be less than 35 strokes for 6 inch cube or 25
Cube muoulds
' strokes for 4 inch cube.

. The compacting bar is 380 mm long steel bar, weighs 1.8
j kg and has a 25 munm sguare end for ramming. When
compaction is by vibration, the mould should be filled in
equal layers as with compaction by hand. Vibration should
cease as soon as the surface of the concrete becomes

relatively smooth and air bubbles cease to appear. A trowel
should be used to finish of the surface level with the top of

the mould.
Lﬁlling the mould (for 150 mm cube 3 equal layers) f 6731’,'
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rin imens nd i
ASTM €31 — requires that during the first 24 hr, field-made specimens are to be kept in a
storage box at air temperature between 60° F and 80° F. Protect from direct
sunlight or extreme weather. Specimens should be removed from the moulds at
the end of 24 hours and should then be stored (usually in the laboratory) in a
“moist condition” at a temperature within 65° F to 75° F until the time of test. A
“moist condition” is defined as that in which free water is maintained on the

surfaces of the specimens at all times. In any event cylinders should not be

moved or transported until at least 8 hours after final set.

BS 1881 — in curing cubes, the curing temperature of the water in
the curing tank should be maintained at 27°-30° C. If curing is In
a mist room (er moist room), the relative humidity should be
maintained at no less than 95 %. Curing should be continued as
long as possible up to the time of testing. In order to provide
adequate circulation of water, adequate space should be provided
between cubes, and between the cubes and the sides of the curing

tank. There should also be sufficient space between cubes if curing

is done in a mist room.

\LMist room in the laboratory

“\q
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(8) Inspection of Workmanship

Apart from inspection of concrete, inspection of workmanship is alsc part of the duty of
the inspector, who should inspect:

(i) planeness of the area surfaces such as walls, floors, ceilings, underside of stairs
(ii) wverticality of vertical elements such as columns, walls, door and window frames

(iii) horizontality of horizontal elements such as beams, floors, ceilings, door and window
frames

(iv) angular correctness of the junctions such as walls, door and window frames

(v) level of each element such as unfinished levels and finished levels of floors, stair
landings, ceilings, footings

(vi) the correctness of slope of ramps, steps of staircase and dimensions of rooms (length,
width, height)

(vii) the surface texture of walls, floors and ceiling surfaces
(viii)the quality of putty, paints, polish, varnish and other coatings

Simple and inexpensive tools ¢an be used to inspect the workmanship guality of many of
the above-mentioned items.

,,_ﬁ
\ <D
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{8) Inspection of Workmanship contd. Checking whether the wall surface is plane

Simple inspection tools Checking the interior corner angle

et e S S T

Checking the level of ceiling




r

)
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(8) Inspection of Workmansh

Checking whether the underside
of the stair flight is plane

R contd. Checking the verticality of tiled wall

Checking the width of a room




{8) Inspection of Workmanship conid.

Fnpre

Checking the radius of a 90° hook Checking the radius of a 180° hook
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(1) Standard Dewatlon '

Z X_X) N Standard deviations are normally established by at least 30
Standard deviation s = .“J—(—_— consecutive fests on representative materials.
. ke X = b sam;h_tist pesuiltspi If the number of tests is less than 30, but at least 15 tests
' X = average strength, psi are available, the standard deviation can be modified as
n = number of tests Y. o
For example, suppose six test results are 4000 psi, Table - Modification factor for standard deviation when less

2500 psi, 3000 psi, 4000 psi, 5000 psi and 2500 psi.
To fine the standard deviation, first find -’,‘?

than 30 tests are available (ACI Table 5.3.1.2)

No. of tests* Modification factor for standard deviation 1
wa 21000 _ .00 . e
= . pa Lessthan 15 ~ Use Table at bottom of p.73
i B 15 1.16 R ]
Devmtmn(}& X) il (‘( K) 0 108
“do0 = A0 = Fs00] G 250000 25 ' 103
2500~ 3500 = __A.—.l_(.'rO{J.-:_ SRR EDe0N00 Y 30 or more R el
3000 - 3500 = - 5001 250,000 * Interpolate for intermediate numbers of tests.
4000 -~ 3500 = ¥ 300 .+ 250,000
5000 ~ 3500 = HIS00} o =+ 2250000
2500 - 3500 = 1000}  + 1000000 5\
2 a ~ Toml| 5000000 Modified standard deviation to be used to determine required

' average strength £ from the table at the top of p. 73
5,000,000 . . gt for VRS
k s= ot o = 1,000 psi
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(2) Quality Control Level

For 1“L between 3000 psi and 4000 psi, the expected standard deviations representing

different levels of quality control are as follows:

Standard Deviation Representing
300 to 400 psi Excellent Quality Control
400 to 500 psi Good
500 to 600 psi Fair
> 600 psi Poor Quality Control

{3) Required Average Strength
If the concrete production facility has at least 30 consecutive strength test records
representing materials and conditions similar to those expected, the required average

strength used as the basis for mix design is given in the following table.




Table - Required average compressive strength when data are available to b
establish a sample standard deviation (ACI Table 5.3.2.1)

Specified compressive strength, ., psi Required average compressive strength, £, psi

Use the larger value computed
from Eq. (&) and Eq. (5)

f. <5000 f,.=f. +134s (a)

f,=f.+233s -500 (b)

Over 5000 Use lh( larger value computed
from Eq. (¢) and Eq. (d)

f.=f.+134s (0

£,=090 f, +2.33s  (d)

If the standard deviation is unknown, the following guidelines shall be used.

Table - Required average compressive strength when data are not available to
estabhsh a sample siandald deviation (ACI Table 5.3. 2 2)

Specxﬂed campresswe sn‘ength f pSJ 1 Required average compressive stténgth f psig?_ :
. Lessthand000 . +1000 _'-(a') L
_ "}{30{){0 :5{3@.{.]. = 2 fﬂ - 1'2_0{3;__.1: (b) '_i: e
| 0ver5[}ﬂ(} 1.10 fL + ?OO (c)




[ (4) Erequency of Testing

Minimum number of strength tests (ACI) -- this
number shall not be less than:

(1) once per day, nor less than,

(2) once for each 150 cu. yd. of concrete placed,
nor less than,

(3) once for each 5000 sq. ft. of surface area of
slabs or walls placed.

CQHP guidelines ~~
(1) once each day for each class of concrete
placed

(2) once for each 50 m? of each class of concrete
placed

(3) Six specimens for each 50 m?3, two from each
randomly chosen truck, two specimens are to
be tested for 7-day strength, two for 28-day
strength, and if the 7-day results are not
consistent, another two specimens are to be
tested for 7-day or 14-day strength. If the
28-day results are not consistent, the rest of
the specimens (if any) are to be tested.

Note : in order to reduce expenses for testing, the rather
conservative CQHP guideline no. (3) may be
followed strictly only in the beginning of a project
and lateron, when the results are stable, the
number of specimens to be taken may be

k.‘ reduced.

(5) Acceptance of Concrete

The strength level of an individual class of
concrete is considered satisfactory if both of the
following criteria are met:

(1) No single test strength (the average of the
strengths of at least 2 cylinders from a
batch) shall be more than 500 psi below the
specified compressive strength fc (i.e., not
less than 2500 psi for a specified 3000 psi
concrete, for example)

(2) The average of any three consecutive test
strengths must equal or exceed the specified
compressive strength f.

As an example, the following table lists strength
test data from 5 batches of concrete. For each
batch, two cylinders were cast and tested at 28
days. fc = 4000 psi. It is required to test the

acceptability of this concrete.




[ (5) Acceptance of Concrete contd.

Average of
3 consecutive tests

3880 *
4278
4023

Test# | Cylinder #1 | Cylinder #2 | Test average
1 3620 3550 3585
2 3970 4060 4015
3 4080 4000 4040
4 4860 4700 4780
5 3390 3110 31505
* A

verage of 3 consecutive tests lower than fr . not acceptable
** Test result with more than 500 psi below specified value

Table - Concrete strength class according to EC 2 (REYNOLDS et al )

/. . not acceptable

Concrete strength Characteristic cylinder strength Characteristicls cube strength

class at28 days f.., (Mpa)* at 28 days f ... (Mpa)**
C 20/25 20 25
C 250/30 25 30
C 30/37 30 37
C 35/45 35 45
C 40/50 40 50
C 45/55 45 55
C 50/60 50 60
C 55/67 55 67
C 60/75 60 75
C 70/85 70 85
C 80/95 80 95
C90/105 90 105

It is important to let the concrete
providers know about these
acceptance criteria from the
beginning to avoid
misunderstanding between the
users and the providers of
concrete.,

Note the difference in the
meanings between [. (used by
designers) and concrete Grade
such as Grade C30 (used by
concrete providers)

Note :

The characteristic strength is
that level of compressive
strength below which 5% of
all valid test results is
expected to fall . Many
Standards use characteristic
shrengths as a basis for
concrete design.

* Tested on 6” x 12" cylinders

** Tested on 6”x 6” cube
G5 )

\




(" (6)

ntrol Charts
Test # Date of test 28-Day #1 28-Day # 2 28-Day Average 28-Day Average (3-Consecutive)
1 05-March-10 4640 4770 4705 -
2 06-March-10 4910 5100 5005 -
3 10-March-10 4570 4760 4665 4792
4 12-March-10 4800 5000 4900 4857
3 13-March-10 5000 4900 4950 4838
6 17-March-10 4380 4570 4475 4775
7 19-March-10 4630 4820 4725 4717
8 21-March-10 4800 4670 4735 4645
9 25-March-10 5020 4940 4980 4813
10 28-March-10 4740 4900 4820 4845
11 30-March-10 4300 4110 4205 4668
12 02-April-10 4280 3620 3950 4325
13 05-April-10 4740 4880 4810 4322
14 08-April-10 4870 5040 4955 4592
15 09-April-10 4590 4670 4630 4798
5500
individual test {avg. of two specimens) Average of 3 consecutive tests
e e ST -*L:.//.__m sl %
4500 % = e P
: ' \\»_ e
b Je = 4000 psi W
e S - 500 psi= 3500 psi
ES"t'.'I()(} T . . ; T - 5 T ; T T - T :
1 2 4 5 5] 7 8 9 10 11 12 13 14 15
Test No.
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(1) AISC Manual

Previously, Load and Resistance Factor Design (LRFD) was covered by 1999 AISC Specification and LRFD Manual of Steel
Construction, 3 edition. Allowable Stress Design (ASD) was covered by 1978 AISC Specification and Manual of Steel
Construction, 9" edition. In 2005, the two approaches were unified in a single specification and a single manual, the 13t
edition of Steel Construction Manual (AISC 325-05).

(2) Material Properties of Structural Steel  Teble - Structural steel shapes and

i ASTM designations

Table - Material properties
Structural Steel Shapes ASTM Designation
ASTM Designation - :
Steel Type or Grade of it A913**
(kesi) {kesi) W-Shape
Structural Steel AG92*
i i 820 M- and S- shapes A36
A53 Grade B8 35 60 Ao
Cathaa S AS00GradeB | 420r46 58 Channels { C- and MC- Shapes)
_ A572 Grade 50
A500 Grade C 46 or 50 62
Angles and plates A36

S ; A913 50-70 60-90
High-Strength, A9 50-65 65 Steel Pipe A53 Grade B

kewiey A572 Grade 50 50 65 AS00 Grade B*

Round HS5
Corrosion-Resistant, A500 Grade €

: A242 50 70 7

High-Strength, s B N % o i HES AS500 Grade B*
uare and Rectangular
Low-Alloy e A500 Grade C

L * preferred material specification for the different shapes. ** A913 is a low-alloy, high-strength steel.
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(3)
throat, T, is constant for r’j
any given series of 7 overall depth d is constant
W-shapes tapered for any given series of
[ } flange V" S-shapes
B
~
©l &
gt Sy
S-shape
W-shape = )\ M‘ {also known as American Standard Beam)
(Wide-flanged shape) | l_.[_
k;
overall depth, 4, is constant for
any given series of M-shapes HP 12 ):,53
A [ o ]
g K=
o0 wy
— o
— <
= I t.=0425m. ©<
< K I
L T
[ ]
J | 5=120in. |
A A
M-shape HP-shape (example)

\




" (3) Various Shapes of Sections contd.

Ay = Unequal legs Equal legs
r,,—)
Fcx2071 Vet L5 x 3% x % L6 x 6% %
= E\] 2
&~ ™ g [ s )
? [ (7Y S&" o %
o
9 loped ]
slope 3
L L, 34 ) e |}
.)v......._ y

C-shape (example) MC-shape (example) Angle shapes (examples)
(American Standard Channel) (Miscellaneous Channel)

L 2 1 R o P g A
i
(A
i}
o
—
7N
1 | | |
W 14x90 WT 7x45

WT-shape (example)

k Fig. Various shapes of structural steel




4 (3) Various Shapes of Sections td.
Plates, Bars, Holl ; ilt- ion

/ 1" 12" plate

4" * 7~ outside dimension

Fig. HSS( Hollow Structural Section) and structural pipes (examples)

Fig. Built-up sections (examples)

\_

(Double Channels) (Double Angles) C10x15.3 cap channe

\

17" dia. round bar /—IVQ" x 1/4"square bar

2y b Y / A f Ea
% L S0 2 s /) fbars; o alt A R
f £ £ | fiat stocks are M :
. referredtoas 14"
12 ,!f “glates s S : 2!
Plate (example) bar (example) bar (example)

wall thickness = 0.25"

4 design thickness = 0.233"
wall thickness = 0.375" ( HSS 6x4x3/8 -
design thickness = (.349" 5 5
L 4~ outside dimension
S HSS 4 x 0.25 Y

cap channel

B T
_spacer or
~in contact
- back-to-back
T
Plate girder Reinforced W-section (2) - C 12x25 (2) - L6x4x3/8 S$12x3.18 with




(4) Basic_Structural Steel Elements

— roof girder
top chord Lk i
‘ — roof deck

perimeter angle
(deck closure) perimeter angie

(pour stop)

floor deck —
with concrete

shear stud

base plate and
anchor rods

bearing wall and
wall footing

floor beam

spread footing
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(5) Simple Shear Connections

Simple shear connections are assumed to have
little or no rotational resistance. They are
assumed to carry only the shear component of
the load and are idealized as pins or rollers for
design.

The goal for shear connections Is to have both
adequate strength and rotational
auctility.

sufficient

Since it is a common practice to weld shop
attachments and bolt field attachments, many
shear connections are bolted on one side and
welded on the other.

(a2) All-welded double-angle connection

* double-angles are field welded to the supporting girder and
shop welded to the supported beam

* welding across the entire top edge should be avoided since it
would inhibit the flexibility of the connection

{a1) Bolted-welded double-angle connection

* shop welded to the supported beam and field bolted to the

supporting girder

* top flanges of both beam and girder are at the same elevation.

So, the top flange of the supported beam is coped

"

(b) Boited shear end-plate connection
* shear end-plates are always welded to the supported
beam

* end-plate is shop welded to the supported beam and
field bolted to the supporting girder




(5) Simple Shear Connections contd.

o af

(c) Bolted unstiffened seat connection

* seat angle is field bolted to the supporting column and shop
welded to the supported girder

* top angle only provides stability to the supported beam; ali
shear is assumed to be carried by the seat angle

(d) Single-plate connection

* plate is shop welded to the supporting girder and field bolted to
the supported beam

* pne-sided connection; erection is simplified as the beam can be
swung into place

- 1

(e) Bolted-welded single-angle connection

* gingle-angle is shop welded to the supported beam
and field bolted to the supporting girder

* one sided connection; erection is simplified as the
beam can be swung into place

* single-angle connections tend to have lower load
capacities than double-angle connections

(h) Welded-bolted tee connection

* tee is shop welded to the supparting girder and field
bolted to the supported beam

* considered a flexible support condition since the support
of this connection is the web of the girder

* one-sided connection ; erection is simplified




{

(61 Fulty Restrained (FR) Moment Connections (Green et al.)

' .r’eiat:ve mtation} and there is full transfer of the moments

FR connections are desugned to carw both gravity and iat‘
‘modification factor R < 3.0. For R > 3.0, additional design requi
refer to AISC SE‘ISITNC meszons for Structural Steel Buildings. See aiso Sez: 8 of this baok

i Nfaze accordfng to ASCE ?~05 for steel systems not 5pecmca fly defaj}ed ﬁor’ sersm:c res:stance, R =30

A FulEy Restramed {FR) connectl{nn assamas that the angtes iaetween inte%‘sectmg members are maintamee:!‘f'-"- :

‘oads {for seismic loads with seis
ments must be met for seismic loads. In ha .case

To transfe: the ’tensiort anc:.l cc:zmpressucn forces carried by the ﬂam;es, r:ontmmty between the supported baam fianges

. anc! the 5upportmg member must be realized. Hence, the flanges of the supported member are attached to esther a'_

ccnnect:cn element or directly to the supporting member.

Mq:xment Conﬁectiens aEso nom‘naily include a simple shear c@nnectson at the web of the suppc}:‘ted member to car:y the
shaar component of the beam reaction. : : - i

Transverse st{ffeners are piates fabricated fo fit between the f%anges of the coiumn at the point(s) of conrentraued

e oadlng {tens;cm or cempres;ssen)

:Web deubier piatas are steel plates that are used ta mcmaae the 'cvaraii th;ckness of t:he web of a section.

L TEE * flange-plates are shop welded to the
_\I”H_r , supporting column and field bolted to the
| m supported girder
i

'
;: * plates attached to the flanges of the girder
!‘ are for transfer of the moment forces

* plate attached to the web of the girder Is

(a) Bolted flange-plates FR connection for transfer of the shear force
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(6) Fully Restrained (FR) Moment Connections contd.

i Bl i i .
i' g4 ‘
: i
1 i et |
(b) Directly-welded-flanges FR connection (c) Extended end-plate FR connection
* 3 transverse stiffener is attached between the flanges of the * 3 transverse stiffener is attached between the flanges of

support column. The plate is aligned to receive the
concentrated force (tension or compression) from the girder
flange. For all FR and PR Column Connections, “column

the support column. The plate is aligned to receive the

concentrated force (tension or compression) from the

stiffening chould be investigated to ensure that the girder flange. For all FR and PR Column Connections,
connection flange forces do not exceed applicable limit states column stiffening must be investigated to ensure that
* plate attached to the web of the girder is designed for shear the connection flange forces do not exceed applicable

* effects of eccentricity in the shear connection are neglected itk States

‘i * plates attached to the flanges of the
' girders are designed for moment transfer

“ * plates attached to the webs of the girders
are designed for shear transfer

(d) All-bolted moment splice FR connection ( 85




N

2 (7) Partially-Restrained (PR) and Flexible Moment Connections (FMC)

Partially Restrained (PR) connections assume that there will be some relative rotational movement that occurs

between intersecting members, though there will still be transfer of the moments. Since very little data is available for
PR connections, most designers will use an FMC, which allows conservative and simplified assumptions to be made. In
the past, FMCs have been referred to as Type 2 with wind, semi-rigid, or flexible wind connections. It should be noted
that the use of a PR connection or an FMC requires that R < 3.0. When R > 3.0, design as an FR connection and must
also include seismic load effects. In that case refer to AISC Seismic Provisions for Structural Steel Buildings. See also
Sec. 8 of this book.

I 7/
cap plate /
J_ ~
_—
stiffeners — =
g 4 (if required)
A + L-shape (typ.) ! |
ER T T —
_H_.'\’ i
i A
—no weld
(see also ref. [3])
ot ke lecalbba . DR R L SR =

_=..‘=-r

fo !

|

AR ]

" Fig. PR connections , Fig. Flange-plated FMC




(8) Pre- ified Fully-Restrained Moment Connections for Seismic Loads

The AISC seismic provisions identify three basic moment frame types with seismic response modification
factor R > 3.0; Ordinary Moment Frame (OMF) , Intermediate Moment Frame (IMF) , Special Moment Frame
(SMF) . The R factors are 4.0 , 6.0 , and 8.0 , respectively. When R > 3.0 , additional design requirements
must be met for supporting seismic loads. Using the pre-qualified connections is generally preferred since a
rigorous analysis would be required for other connections that have not been tested.

Note

Using a R factor = 3.0 js highty
desirable in that the analysis
and design procedure is more
simplified than a proceduré that

oo aan

<=

.

3

+

T

%

.l__!\l__., -

l
r
1

N,

L AN

uses _t_he OMF , IMF , or SMS I oA i
;ﬁq ;;ZZ?ZMWS R Welded flange (OMF)  welded flange plate (OMF, SMF)  Free flange plate (OMF, SMF)
Seismic Design Category
(SDC)* of A, B, or C can /LV‘ A o
usually be economically : L g\
designed with R < 3.0. | i 1 T —
This approach is recommended g -
where possible. ; _— !
L ==
* SDC-C corresponds roughly to UBC B |, S, i
Sefsm_fc-}.'one’; e rtﬁjjwv\/—:}

Reduced beam section (IMF, SMF)

Bolted end plate (IMF, SMF) Bolted flange plate (OMF, SMF)

Fig. Pre-qualified FR connections




(9) Miscellane Connection Exampl Bolted PR (semi-rigid)connection
at column top
Moment frames
' cap plate
B £
) \
rigid 8
connection i /" -~

\
N T

Bolted PR (semi-rigid) connection

web and flange plates
(il required by design)

1 3 BU-4b

Pre-engineered building frame Bolted moment connection v Jom—
‘\lplm: with &
slip-critical bolts . S

Fig. Typical moment frames




(9) Mi

us Connecti E les contd.

X-brace

TV R R IR | TR |

A

Chevron or K-brace

-|0°00|.

¥

X-brace connection detail Knee brace connection detail

Fig. Braced frames

Knee brace

Shear wall
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(9) Miscellaneous Connection Examples contd. ._ FooE it

T D KI | 1{-’\\' .
i — ok d M A

16'-0" "
¢ " Basic tension rod Upset end
= 22 kips | = 1%
g —— | i N S
e 7T e o a== B - —r —
o 18 , 2 L O
i
\ i [__,..4__“1_‘1
%\_‘ /s l P L }
\\\ | —
| \x-“\ i
i i K Clevis
| o
P ! ey
turnbuckle- 27 5 o
(typ.) f‘;/ RN
! \% Turnbuckle
1 Vi N\
i e R _4—clevis (typ.)
Ao P
:'*"_“.—_:.:‘_M‘; [~ ]

/
A" gusset S
plate \ 2

k Fig. Details of tension rods (example)




(9) Miscellaneous Connection Examples contd.
Column base plates and anchor rods

Base plate js usually shop-

it “welded to column on both

” ‘ sides of web and flanges.
’ Use non-shrink grout.

’ base plate

leveling plate

base plate
— = ~grout

leveling nuts

ut

Leveling plate Leveling nuts
Fig. Leveling plate and leveiing nut

vl A z A
> 4" 1 /\,;
2 Jma=
=3 ¢ SEEpgTTs . H . =
AT e -
| 4 i >
Hooked Plate washer Double nut Headed

k Fig. Types of anchor rods
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(9) Miscellaneous Connection Examples contd.
r —WT Truss
Gusset Plates Work point — / top chord
(WP} ‘
\\ \\_] & / /
Fig. Gusset plate at a truss panel e e
point (top chord) - /ll Pt Ol : <
i f/ 4 | } M
“~— Gussel plate
Double angle

/ thi?kness, t

i o
b _g+\._ . <+
/ 5 Ig — Gusset plate with

Work point——
(WP)

Unbraced length of ____}~

gusset plate, Double angles
L. = distance between 7%

adjacent bolt lines

Fig. Gusset plate at a diagonal
\ brace




(" (10) Types of Welds

Lapped plates Slotted connection Tee connection Brackets Beam bearing plates

Ed {ATT

Column base plates Pipe connection Beam brackets Built-up section Built-up section Built-up section

Fig. 5.5.4 Typical uses of fillet welds

Ends curved as
per LRFD and ASD-J2.3.b

Fig. Slot and plug welds in combination with fillet welds




(10) Tvpes of Welds contd.

ol | W)

Square

¥ it

T

Single bevel

-

TPk HT- 1 TRIT

- -

Double-U

-

Fig. Use of groove welds at joints

-——

A

e o
o
\l A
5\
!’ '\
- -

— -

Single-V Double-V
3 A=
I \ LY 4
Double bevel Single-U
- 3 - ¥
)
Single-] Double-]

Fig. Types of groove welds




shear connector

formed steel deck
ribs

Metal deck Formed concrete Concrete-encased section
(Ribs paraliel to girder)

floor system is considered
noncomposite for strength and
composite for floor vibrations

deck ribs are reinforced for

% dia h formed
additional ben g strengt ol etk

-
SRR YT ‘5/"—( “

o 4 T =

Composite deck
Form deck (Ribs perpendicular to beam)
k Fig. Types of composite beams




(12

) Steel Construction Examples

Raof diagonal bracing _Basm-column joint
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(1) Soil Classification
General Definition of Sqils

Coarse - grained soils : if more than 50% of dry weight is retained on No. 200 sieve ( = 0.075 mm );

they are called cohesionless or non-cohesive soils.

Fine - grained soils : if 50% or more of dry weight passes No. 200 sieve ( = 0.075 mm ); they are

called cohesive soils.

Organic soils . those containing a high natural organic content

=
Grained - size distribution of coarse = grained fraction is generally determined by means of sieve

analysis and that of fine - grained fraction by means of hydrometer analysis ( ASTM D422 ).
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(1) Soil Classification contd. f \
Aggregates
. nalvsi _— placed in
Sieve analysis

coarsest sieve

- Coarsest sieve

US Standard sieve size and their sieve openings

USsieve size | Sieve opening (mm) | Sieve opening (in)

Intermeadiate

o -3:;4 Fo -."-1-9‘-:.0_ o 975 .
r 4 ( 3 fle in ) ;,4 75;—_. :' i 0 18?

..# 10 2 EJO
o e
_'.__-'#4{3 oA
"'_'?-#50 6250

#100 T . 0150

Finast
sieve

Pan

Q Sieve analysis (LIU & Evsry




Edges distinct but fairly Sharp edges as in )
(1) il Cl weell rounded ' ¢+ crushed stone

| .
|

:Ciay e 0002 mm

st 0.002 -0.075mm = _ . Fig. f
. 4 0.075 - ; : Subanaular e Angulay SHes o

Sand 0075 - .2.._oe_¢nm v Subangular Sgainy ~ Angy sl il
Cobble 75.0 -200mm ( McCarthy)
Boulder > 200mm

Very round

Classification based on grain size ( LIU & EVETT )

Subrounded
(All grain sizes are in millimeters)
Coarse-grained Fine-grained
Agency
Gravel Coarse sand Medium sand Fine sand Silt Clay
75-2.00 2.00-0.425 0.425-0.075
AASHTO* 0.075-0.002 <0.002
N (3in.—No.10) | (No.10 - No. 40) {No. 40 — No. 200)
|
Coarse:75-198.0
(3in. - % in.) 4.75-2.00 2.00—-0.425 0.425-0.075 Fines < 0.075
* ¥
S Fine:19.0—-4.75 | (No.4—No.10) |(No.10-No. 40) | (No. 40— No. 200) {Silt or clay)
(3/4in. - No. 4)

* AASHTO = American Association of State Highway and Transportation Officials. This system is used mainly
for highway, and not used in foundation construction.

k ** USCS = Unified Soil Classification System. This system is used in geotechnical work




((2) Properties of Soils : e s R o _ .' )
Tahle - Flastic parameters of varlous soils ( DAS ) Table --Cogffl_eient_s_of_subgradg o % ()
: o . Modulus of subgrade
. Modulus of elasticity , | Poisson’s ratio, Type of soil - ;
! tion , k, (Ib/in®
Type of soil E. (Ib/in?) u, reaction , k; (Ib/in®)
590 =080 T Loose 29-92
Loose sand 1500 - 3500 0-25 0-40 ) an Metium 91 — 460
: g vl = ist
Medium dense sand 2500 - 4000 (dry or moist) | 460 - 1380
Dense sand 5000 - 8000 0.30-0.45 3 T
0ose =
Silty sand 1500 — 2500 0.20-0.40 Sand :
Sand and gravel 10000 - 25000 s ¥ (saturated)
- Dense 478 - 552
Soft clay 600 — 3000
Medium clay 3000 — 6000 0.20-0.50 Loose gt
Stiff clay 6000 — 14000 = Clay Medium | = 92-139
Dense >184

Table - Apprdx.i_mate consistency classification of cohesive soils ( LIU £ EVETT )

Consistency Field identification ( CGS ) SPT-N q, (kN/m?)
Very soft | Easily penetrated several centimeters by the fist 0-2 0-25
Soft Easily penetrated several centimeters by the thumb 2-4 25-50
Medium Can be penetrated several centimeters by the thumb with moderate effort 4-8 50-100
Stiff Readily indented by the thumb but penetrated only with great effort 8-15 100 - 200
Very stiff | Readily indented by the thumbnail 15-30 200 - 400
Hard Indented with difficulty by the thumbnail > 30

\CGS = Canadian Geotechnical Society.'_ x

i =-.Uncor_1finé,d compressive strength (ultimate bearing capacity)
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A2) Dils contd |
i Table - Approximate textural classification of sands (FRENCH)
Textural Field identification
Very loose Easily penetrated by a % inch reinforcing bar pushed by hand
Loose Penetrated with difficulty by a % inch reinforcing bar pushed by hand
Medium Readily penetrated by a % inch reinforcing bar driven by a 5 |b hammer
Dense Penetrated about 1 ft by a % inch reinforcing bar driven by a 5 b hammer
Very dense Penetrated about 3 inches by a % inch reinforcing bar driven by a 5 Ib hammer
- Table - Compactness condition of sands from SPT { CGS ) Table - Relation between N values and
' angle of friction @ for sands (DAS)
Compactness condition SPT N-Index (blows per 0.3 m)
N @
Very lo 0-4
s 0-5 26-30
4-10
Loose 5_10 28 — 35
i 10-30
Medium (Compact) 10-30 35 -42
Dens 30-50
s 30-50 38 ~46
Very dense > 50




(" (3) Boreholes . j

According to Canadian practice, minimum borehole depth beneath the lowest part of the foundation generally
should not be less than 6 m, unless bedrock or dense soil is encountered at a shallower depth (CGS).

ceording to COHP auidelines, for shallow foundations, the depth of borehole should be at least 1.5 times the

} ng I o0 | 5 Lhan U 1T, rol the eguation z = 155 LIL)

should be used, where § is the number of storeys including the basement. However, boring shall not be
b ad until minimum SPT value for the last three consecutive levels is 40,

) e t llowing equations for hospitals and office buildings : 2 10 S27 for light steel or

: i - i F vl

yLi ] . i Y SITE T Widie Concret oun j V1eTe ioTe uifil

Number of Boreholes

butldings ler than about 1000 m? in plan area but larger than about 250 m#, a minimum of four

e the ground surface is level and the first two boreholes indicate reguiar stratification, may be

adeauate. Five boreholes are ganerally preferable (at building corners and centre), and especially if the site is

i el, For huildings s o y minimum of three boreholes may be adequate. A singie
bo 0l he sufi or a idation such as an indt al process tower base In a fixed
lgcation. Otherwise, the use of a sin - even a small project should be discouraged (CGS).

ng to COHP guidelines, for average soil and terrain conditions, (1) up to 10000 ft2 projected building

. iuimibe reholes shall be one per 2500 fi2 of projected building area but not less than two hoies;
f ea more than 10000 2 , for the first 10000 ft?, rule (1) is to be followed and for additional area,

nurnher of additional holes is ang per 5000 ft¢ of 5“.'5;5!1."-“'5{} area.




(4) Different Types of Footings and Foundations

o =1 ok <

Combined Single col.

Fig. Types of spread footing

(d) Sloped or tapered footing

\ (e} Combined slab footing (rectangular) ~ {f) Combined slab footing (trapezoidal)

footing  footing i ;
o m' ; &
Hy  Wall y
i (a) Wall footing
@ ol o o £EK
Combined ;| Camhined HE wan
attap footing [_‘ footing: footmg
Problem o Dol foiny
Propertv ime -~

Interior column

= 7
oo - !

{c) Stepped footing

Estenor A1
T S
zohenn (L /// .,
{sccemtric S - 7 K
1o id!ng an \:_r ; h‘h"‘“._‘_ "'"\._/ .f'/\!
footing]} i bz e
'\... | L // y ';'(1' “““-./ # /
N | A § /
B3 P a = /\j:/-
i & e i
3 yd // P
A e .'/ \"\.
7 i L Srrap
~ 1
3 'a
f'--«._j\-l/ Pk
- h‘h“--“' . ¢< ")
% ye o
e .
\a,w Property line

(g) Combined strap footing




(4) Different Types of Footin d Foundatio ontd.

ot o

(i) Circular footing

HE & -4 &
(i) Ring footng
W 3
e
1 (1) Mat foundation with inverted flat slab e
o (m) Piled - raft foundation

(j) Mat footing Fig. Different types of footings and foundations
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(5) Pile Caps _ o

T M e ‘.1 i-.—--— - .--1
) i -~ -
- 2R
=
o >, o
= - at -
4] = i
""_1 f- v

T 0 S
t
sz qmppend
&Y L 1o T
g

?l ‘Jll
0

A @ F
i

8 Piles 9 Piles

i;_.__'.,,{ A -

g
- - ’
wf

b
~
A S

16!

2y o

.

T
s

TRE6Y
)
iyl g
Y K
11'6

16 Piles 17 Piles 1% Piles

Fig. Typical configurations of pile caps




4 (6) Depth and Location of Foundations

Significant Soil Volume Change

Some soils, particularly clays having high plasticity, shrink and swell significantly upon drying and
wetting, respectively. This volume change is greatest near the ground surface and decreases with
increasing depth. Volume change is usually insignificant below a depth of 5 ft to 10 ft and does not
occur below the groundwater table. Soil beneath the edges of a structure is less protected than that
at the centre, and moisture change and consequent soil movement are greater there.

Adijacent structures and property lines
In general, the deeper the new foundation and the closer to the cld structure, the greater will be the

potential for damage to the old structure. A general rule is that a straight line drawn downward and
outward at a 45° angle from the end of the bottom of any new (or existing) higher footing should not
intersect any existing (or new) lower footing. Also, excavation for a footing at or near a property line
may have a harmful effect (cave-in, for example) on adjacent land.

New (or existing) footing

et

.-“_ By Y
450 i -
/ | | Existing (or New) footing

P :
Limit for bottom of deeper s

footing
N

Fig. Empirical rule for the minimum spacing of

footings to avoid interference between an

old footing and a new footing
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(6) Depth and Location of Foundations contd.

e

ot

ermined
soil remain intact for some time

Und

basement excavations in good
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(7) Ground Water (LIU & EVETT)

The presence of groundwater within soil immediately around a footing is undesirable for several

reasons. First, footing constructions below groundwater level is difficult and expensive. Generally, the
area must be drained prior to construction. Second, groundwater around a footing can reduce the
strength of soils by reducing their ability to carry foundation pressures. Third, groundwater around a
footing may cause hydrostatic uplift problem, and fourth, if groundwater reaches a structure’s lowest
floor, waterproofing problems are encountered. For these reasons, footings should be placed above

the groundwater level whenever it is practical to do so.

5 Lateral water pressure’

- Structure
. Structure P
/ & »“/I
’ Ground water table
Earth’s surface wares Earth’s surface
/L' | Ay b
> — - -
\ SR A PEas: & 1} AT
52 T l 1. \
v Earth pressure i Ground water table \ Uplift }

(a) Earth pressure
(b) Water pressure

Fig. Earth pressure and uplift pressure due to ground water




(7) Ground Water contd.

Unlike clays, sands are severely affected by flooding or by the location of the water table, The
strength of a sand is directly proportional to the unit weight. With the loss of roughly half the
intergranular pressure when sand is submerged, there is a corresponding loss of half the
strength. For design, it is commonly assumed that sand will lose half its strength when
submerged. Clays are relatively unaffected by short-term submergence. Only sands are affected

by submergence (FRENCH).
4 Ground surface | ﬁ

A NoeE
r-r'/f///.'. VA OLEP PPN 3
Soil-water zone | Sgil water é &
f T
- . Pellicutar gD
- = Intermediate tetan and =B
g ® gravitational C S
o aQ zone @ 5
N waler 13, O
5 =
! 2%
: - 7]
Capillary Capillary =
@D
L zone water <
G Rk
S 9 Water table fg
o ®
£3 Ground water b
N @ 2
& o
&)

mpermeabie

Fig. Ground water

Fig. Zones of surface water (SOM & DAS) ¢

s




The ™ ultimate bearing capacity ” ( g,.) of a soil refers fo the loading per unit area that will just. cause
shear failure in the soil, The i allowabie bearing capacity ” ( g, or g, gmss) refers to the loading per
unit area that the soil is able to support without unsafe movement. It is the “design” bearmg capacrty j
The allowable bearing capacity IS equal to the ultimate bearmg capamty divided by the factor of safety, :
which is 2.5 to 3.0. Care must be taken to ensure that a footlng design is safe Wltl‘l regard to (1)
foundation failure (collapse) and (2) excessive settlement, Net or effective allowable bearing cap_a-uty

G, net OF Ge) 1S (G gr0ss ~ @VQ. Weight per unit area due to concrete slab, earth fill and.surcharge-above >

footing base not accounted for in column load). : _ Surcharge welght

Accordmg to CQHP guidelines, safety factor for fine-grained sonl o ' JL = l
e, I' 7 I- et w I.-r-
(50% or more of total weight passing No. 200 sieve) is to be VB g LIS
taken as 2.5 and that for course-grained soil (more than 50% ’E 'g E:I e
retained on No. 200 sieve) is 3.0. Required footing area is : VB kB
; | \ YRR
D¥L “)i 1. are unfactored loads at the level L e L

A = g 1of the footing base including col. load, IE Footing
e | weight of footing slab, fill and surcharge | ¥ weight

\\
e Unfactored col. load : ' \- Contact plane at which
e loads should be calculated

i | J




Footings on sands

Footings on clays

. Sand strength increases with confining pressure,
whether due to overburden or to footing loads.

=

. Clay strength is relatively constant, regardless of
the magnitude of any confining pressure.

. Sand strength is due entirely to friction, measured by
the angle of internal friction ¢

2. Clay strength is due entirely to cohesion, or tensile
strength

Sand strength is refatively insensitive to footing shape.

3. Clay strength is influenced considerably (up to
20%) by footing shape.

. Sand strength increases markedly (doubled or tripied)
with depth of burial of the footing.

4. Clay strength is relatively insensitive to depth of
burial of the footing.

. Loss of strength of sand is significant if the overburden
{confining pressure} is removed or is eroded away.

5. Little loss of strength of clay is caused by removal
of overburden.

. Strength of a dry sand is cut in half when the sand is
submerged in water.

6. Strength of clay is relatively unaffected by short-
term submergence.

. Settlements in sands occur soon after application of
ioad, measured in weeks or a few months.

7. Settlements in clays occur very slowly following
application of load, measured in months or years.

. Settlements in sands can occur under relatively short-
term lcads.

8. Settlements in clays are relatively unaffected by
short-term loads.

. Settiements in a dry sand are essentially doubled if the
sand is submerged {or if the water table rises).

8. Settlements in clays are markedly affected {but not
doubled) if the clay is submerged.

1 10. Deposits of sand are best compacted by vibration and

submergence, with some pressure

10. Deposits of clay are best compacted by iong- ter i
surcharge pressure ;

e PRI
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(10) Allowable Bearing Pressure in Sand Based on Settiement Consideration (DAS) \
Empirical relations by Meyerhof ( modified by Bowles )
,. N , 3
G oo cany KR ) = 2;“ GRS (for B < 4ft)
5 N B+1
qm,rwm (k/ﬂ ) == % (—“—‘ Fd Sf,_ (fOI' B B 4 ﬁ )
A i B ' 4
where F, = depth factor = 1+ 0.33 ( D¢/ B) < 1.33 ; D; = depth of footing , ft
S, = tolerable settlement , in.
N = NMaTpNsTe
60 60
where N = measured penetration number
ny = hammer efficiency (%) ;
In USA ; for rope and pulley (Safety hammer) (60%) , (Donut hammer) (45%)
In China ; for free fall (Donut hammer) (60%) , for rope and pulley (Donut
hummer) (50%)
ng = 1 ( for diameter 60-120 mm ) ; = 1.05 ( for diameter 150 mm )
ne = 1 ( for standard sampler) ; = 0.8 ( with liner for dense sand and clay )

ng = 1(forrodlength >10m); = 0.95 ( for length 6-10 m)
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SM,=0;36x3+4x7x35 - M, =
M, =206k-fi())
EF,=0;3+4x7-R, =0
64k( +)




| (1) A:uall Force Shear Force - Bend_mq Moment and Tors:an D:a_'___rams r:on' d

<

L Riic 15k () |

Y

| ; : o f
Example XM, =036 z0x5+10x13 82— R xlo 0
Bk 36k 10k
. - th | ' L 294
b R R i e e .
. ‘l,, A*‘L-' .;;k______mi____l '_,slm?“~,h B o= 0 =294k () _
: i .‘} : Structure, L L 1 :
b 3 e 10! oAl e 3 ! loading and LF\£0,8+ 36<10+10-294 th =0
1246k : Pk deformed shape | R : e e
15k g _ 45 K . =240 kﬁ')
.lﬁk[;___»ﬁ.l-.flk e 19.&1 ! e AED Z.F‘::.O; 10 + 5§ L R‘“ =0
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4166k | oy
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- - 194k
4611 o

>J::>. 49227k ﬁ
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__-30Lﬁ P
mya-—maal F***—'-%S'I—“*'lg?""l—— B

Fug. Axial force, shear force and bendmg mament diagrams :

Pomts of zero moment;

ZM at x ft=0
36x

-8(2+x)+ 246 x- = {}

18x°-16.6x+16=0

~16.6+/16.6% -4%1.8x16
2x1.8

X=

=1094 ft or 8.128 ft




(10+s 15+5+5 =) 10k-ft

. .,--a—_a;'o.k-ﬁ

e
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'Z’_-F.':_Oan_d > Fy=0 foreach joint . :

D!ﬁ=mk I&miok AJ&:in
o 10 10 10
YA =0])R ‘-10 10-10=0 ; Frocinniy e

To find the reactions ,

30

Rg, =30k(1) :

zM-:o(+" 5 | _mBel
SR 2043

3 \7"\::' .

R x———lleO—]OxZO 10%30=0 607 A - Teasion

V3 R E
600><I '

R _-~zm~w

Tels

10

T

EF _ho(+_..+)

-R —R _0 S 2 20 i3 3 B iy . W /55
3 : > .. B mseansamams : : " ’ igz - ' t\\. e A /
S e R_ : _20\/— (-+-r ) e ompression ™ (V4 -

Fx

e =




After finding reactions, we may apply the

go to either joint C or b. We may start
again at G and then go on to F, after
which we cannot go on any more. It is

at section (1) - (1), we can easily find
the horizontal component of the force in
bar bd.

Once Fugy

joints.

method of joints at joint A, and then
proceed to joint B. After that we cannot

therefore desirable to resort to the
method of sections. By cutting the truss

is found, F.4, the vertical
component is found from the slope of the
member. Now it is possible to apply the
method of joints at b and then -
| successively at each of the remaining
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(3) Moment Distribution Method

Table - (Adjusted K) / K for various conditions

_ Adj.
Case Structure & deformed shape d;{ 5
a Mﬁa//’f Hh‘““wh 3

(‘,s;, B 4

Mot N Mgpy= Myp e

b C,Q,/ S g ) 2

M,:::B _____ i{BA . 1

c e sl A) -

d e I
o3 G 3




(3) Moment Distribution Method contd.

Example

Analyze the symmetrical frame shown in Fig. acted upon by symmetrical loading using the moment-
distribution method.

Relative Stiffnesses
Table - Relative stiffnesses
I

AB,CD E{ E) 2

15 1
BE, CF - |

10 [

1.33 1 10 3
BG , CH ~ ¥

r 1.0 1 4 i
BC E><E l 1

15 1 2

* Case (a) adjustment ( see Table for Adj. K/ K)

*% Case (¢) adjustment ( see Table for Adj. K/ K)

E F
1y
10 kit
4 EREYRED Y "
£y 3/ B 3l C £ D"
1.337 1.331 I
AN ThE
G H

] § a1 §' : 15"~

Fig. Symmetrical frame acted upon
by symmetrical loading

Fixed-End Momaen ts 3 s
Mepe = L g . D
12 : B
+ve FEM sign
=+ 187.5k-ft | convention
Mpcp =—187.5 k-ft

e
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(3) Moment Distribution Method conid. ok 4k
Examg!e contd. Cﬂb
+ve moment sign convention
Table - Moment distribution for Moment Distribution Method
Joint A E G B
Member End AB EB GB BG BE BA BC
Adj. Kot i 1 1 1 1 2 1
Cycle DF. - - - 0.2 0.2 0.4 0.2
FEM - : B - - - + 187.5
1 - X
Bal : // e B e e L e
: CO ~37.5 ~18.8 0 0 0 0 0
g Bal - - - - - >y -
Total 375 -18.8 0 -375 ~37.5 -75.0 +150.0

We need to analyze only half of the structure. Note that by adjusting the stiffness of BC there IS DO carry-over
moment from end BC to end CB. Similary, by adjusting the stiffness of BG, there is no carry -over moment from end BG

and end GB. The results for the other half can be found by inspection. Thus,

Mj}(‘:+3?.5 k-ft ” MFC:'JF 1881(-& MH(; = {) 3 ML'H:+37.S k-ft

f"f(,"r? =+ 375 -1t 4 MCD =4 750 k-ft 5 MC_B = - 150.0 k-fi




(" (4) Concrete Building Frames by Moment Distribution 3
( Portland Cement Association Method )

Example F“’“’“"” AL
] i I I | I I T ST | I I I I ] ] I

n;ﬁr : W I " ] L I I I .ﬁ“ SR I jﬁlﬂ ey I i-ss
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. ; k JLLink
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==t e e 4 ¢ R _%ml = e

FEM { ?ulisg ® :g 29 ® 3 éﬁ :l:sl 62 6265 ® .68
8 %

L adad | fan diten | e o
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L Fig. Given concrete building frame




é Example contd. Table - Moment distribution by P. C. A. Method 3
Col | Col Col [ Col Col | Col Col [ Col Col | Col Cot | Col
Bm
Al p |Be et U Y ol W 0 Bm| .| piBe i 5 N A
KISk 061074 038 0.13[0.49 G5 013038 536 0131081 646 5111045 %z} 9| @
FEM +53] br | .53 +33 | Desrr 33 +53| DL | -53 +58 | pL-aL | 68 +58) pr | -58
1 dist 14 | -39 8 +2 | +10 10 218 3 2l 45 +1| 4 +46 +12
SoT A= T e s e e P e STl TS 5
.y 7
M dist +3 | +4 +3 +3 | 410 +1 0 | +1 1 0 |-t 3 e 9 2
ST oS 5T oS T o 1o ST 1<% 3 e )
3 it 113 2 12 e a1 |4 +1 0 |+l +4 +1 | -3 #2 +1
i N o< = o 14 < i 110 <] 0 i o< i} 0| -1 < 2 1
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A 33| 423 =8 BT 34 REBETT K3 3160 5] 7 1478 20 120
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Fig. Approximate analysis of the rigid frame

(" (5) Approximate Methods o
i(i) By Estimating Inflection Points 12— <25 (=02111) bet.2.5' and 3'
=2 kMt 1-»—3'«»— e 2. Bl
Example B | ‘E
1
Analyze the frame by estimating i CcA !"“““_ wwwwww T
locations of points of inflection. BF o b ;
Known cases shown in Fig. may be 6 \
referred to in estimating the Tl‘t
: (a) A (h)
locations. A 8 1
2K 21 2K —
s T} SFEPER % £ =
L3 S -— 4Gk —= & L ) =— Ak — O— -‘5’4—4(51\ SO
(g L?Zk 72k T,ri 7,2kJ i
4fi 128k
e e 73 | - - 28H -
: . Fig.
L S () (&) o Sdrgile
' 184Kfi Bfi - known
112k 20 T ~ cases for
£ 7S location of
; 3 £y | p_o'i nts of
[ = 46k 184 lkft 184k i o _ inflection
! ] 4 7 |! ‘E ] 2
e 4 92kt : '
: 2y 184 KAE
A > 48k | v
Fozka M- 7 Hivin
112k A é
R a2k =
(N B e (h)




& pproxi ¢ ™
(5) Approximate Methods contd. : L oy
(ii) Portal Method for I i
Example e ﬂ\} -L_%___k\ .
Analyze the frame using the Portal Method. Assume relatively small footings ‘1
on compressible soil (i.e.,) assume point of inflection at h/3 from bottom for —t \\ \T\H
lowest-storey columns. \ \\x Woad ‘*k
30 25 086 45080780 0s 30 ) \ X \
M Sy s { e el ) EElep { e b ;
P e R YO S
. -“’: ‘th A -l
‘J,h 30 53 60" b= : 60 s “T ;
= 15‘_—, 05 S Sl U o ;cp‘_j 10 8 &ﬁ’: os 1z Fig- ;a:rf:\dlotahd Znalysm by
ortal Method :
o e 2[5 a0 (a) moments, shears, and
Tismme oo Bpe Ll P el MoAE T bl Rt
6.0k & . R s i ‘-\ 1 .
vl 90 1 L .l 1 l : v, 180 1 l vl 90 (b) bending moment
‘ I&Oi 20 Tl 1.2 ? diagram
2 'ci 15 2 To‘_“: 30 = | Tt o ;:__, LS
: The Portal Method is based on two
L9 180, L k80 A %0 ;
ey . 340 ‘_5_0* ki 2:41:1_ 3;0_”34'.9' » 7O ‘_1.0_. 34_0:; assum'ptlons.‘ . .
i = R e GL 5 7 (1) Points of inflection occur at mid-
Wit 1 l L 1 L v 134 el span of all girders and mid-
2 Sy e i »e ' 10 height of all columns. Hinged-
| end columns have their points
} { J | e of inflection at the hinges.
oo R o7 50 B o= 50 Bloos oins iy X TR
ol “ “ | i) (2) The horizontal shear is divided
: = j among the columns so that
et interior columns carry twice the
= 4:%}125 shear of exterior columns. _
_.20 =
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(6) Analysis Aids Two-Way Slabs - Triangularly Distributed Loads
0.050% ' 0.062 .. -
0.060
0.050
0.040 1
5 &
= B
te 2 0.040
% 0.030 g
5 =
g 2
0.030L .
£ g
£ *
= -t
S 0.020 2
@ A
0.020.]
4
0.010 |4
V 0.010 {4
¢ T~
—
Max_ +ve horizontal” ) _+ve horizon Hm__
A Freely ; Freely supp
0 qlonnn} atmnd!span | horizontal = momentatﬂ:dspan bl i
0506 08 10 12 14 16 18 20 05 10 15 20

k= width {, / height I k=width 1, / height [, o




i (6) Analysis Aids Two-Way Slabs - Trianqularly Distributed @ggm td.
0.080 ,

Top edge msupported
Top edge \
p=02
[ E £ |
: g |
s = o ) |
B y
8 g
[ |
g 3
s
o / ,zfémly =
g supported 2 | A Max. —ve
g 0 m% & Y e’mﬁ%q g izontal moment
; : g
.. moment at support
3 X, ~ —ve horizontal |
0.000 alop _
+ve horizon
0.010 s =  af midspan.
ml] . 1 - =" Zero vertical moment |
0 Max_ +ve vertical moment} /,«"
> 19 t5 ) Botori edué ully fixad~~

k= width I, / height ; Full lines indicate horizontal moments
Broken lines indicate vertical maments
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(6) Analysis Aids Portal Frames (Special Cases) :
8 = F = total load ki=K+2
! T P ky=6K+1
* K=I“Ch ky=2K +3
A 5 {48l ky=3K +1

Reaction and bending moment
Loading
Fixed feet Hinged feet
I i A Fi
TRy e Hom Ho= g
[ ﬁi}mm””]]ﬂ’ | R,=R,=}F
A n 2 R" . Rﬂ 3%‘5‘
Fi
;\ffﬁr---wt‘vlux12&i M, =M, =0
H, He Fi
My=Mr=—
RA RD 6k§




(" (6) Analysis Aids

Portal Frames (Special Cases) contd.

Reaction and bending moment

Loading - :
Fixed feet Hinged feet
F 35
; Fl B o Bl S mmarer
AT .. M= Mp=— AT,
Bhk 8k, R,
‘ o R,=R,=1iF
y: Ry=Ryp=}F Mg=Mq=— M,=Mp=0
f il a My = M B b
Ra Ry p = Mo = Al"'S_E;
F[6ky—K
il Ho=F=H, My= WH, ~1B)—~M, Hﬁg(_ : )
3
= Bkl Fh
= i RorRe= T
: 1 4 4 .
F—r % 4=_Fh{\=““ D M;}”fil‘l:K-'-B_ X } My=Mp=0
:é Ik, 4 L 6k, K2 vi g 4 380Ky
e f‘"Ha * Hp Ffll:K+3+4K+I:| g=h(}F —Hp)= B,
e | S g ”
R‘ Rg 4 61’\1 kz MC=HD}|_—_£‘_,.(2RJ+K)
8 ks
=H,=4 Fhk
Haft Hosgy M,=Mp=——0
3FhK 2k,
IetamfitiGng 3FhK
2 My =M, =——
2k,
\. _




(6) Analysis Aids Gable Frames (Special Cases)
c ky, =K +2

"k, =3K+1

k, =K+3+¢(3+¢)

ko =2K +3(2+ )

ko =3K + ¢(4K + 1)

] | E kyy=K(K+4+6¢)+¢2(4K +1)
kyy=K+y(2K +1)

ks =K(K+4+3)

L—*:r—-»----L-‘€*ﬁ

F =total load

Lin=1loe ko =8(K + 3)+ 5¢(4 +¢)
Iye=Tep kyo=K+3+2¢
E I pch ky, = 2K(K +4+ S)+ 15K + 1)
1 pJU/2)? + (Wh)? ky = 210K +3) + YOK + 6 497




il (6) Analysis Aids

Gable Frames (Special Cases) contd.

Reactions and bending moments

- (8 + o
M, = Mﬁ%[u ::sa/;}+ P{6 — i)
. 13

A..f“.—- A',fnm '”,1"[ s M_q

Me= U W1+ )~ 4FI— M,

Loadin
] Fixed feet Hinged feet
i Bt ﬁﬂf[‘dK-Hﬂ(SK«&l}] o g ' )
TR ko Myt SR
- A E T"h ;\
R,=R,=4{F ] :
4 g2 R,=Ry=4F M,=M,=0

]_

Ma’-’f\’fp"-*!{’{h

Fl
Me=H (v + i)‘*-g*

f{A,—;R.E::JzF'
Bl )
4 \ky.

Ma‘“' MH:‘: Hah""fw,g

M= H h(l + )~ LFl - M,

H,¢-~h’g=g(3:w)
7

Ry=Re=iF " M, =M, =0
A{BzMumHAji

Me=H h{l +¢) = LFi




(" (6) Analysis Aids

Gable Frarhes (Special Cases) contd.

Reactions and bending moments

Loading
Fixed feet Hinged feet
wh ’
Hy :EI_':(KI"N + k)
Hg= ke + K + ik
Ry= =R, 5= ok, L2 ¥his)
wh? 7 ok e L
= = =LKL+ 30)+ 212K + 5] 4 Sl = W) =
e a wh?
= DR Ll bk LT s =Ry U r e
e 24 | . Sy o
% 12 + 120K + 2y + 39 S
; 2k Mg = H b~ Lwh?

Myg=Hh~M,;~Lwh?

MC = f!gh(l e |;f:' _‘IIRE""‘ M;_
Mp=H.h—M,

Mzml‘l'ﬂf{[h’i!\' +6+ 150} + yky, ]
24 i .
12k + ¢ [123K + 2+ 3]

2k,

Me = Heh(l + )~ 1R,
MD o H,c_-h




(" (6) Analysis Aids

Gable Frames (Special Cases) contd.

Reactions and bending moments

Loading

Fixed feet

Hinged feet

X
™

i

]

b=
a

]

Hy=Hg=14F

S R,.%[Fhu )]

Mgz':HEh—MA

Me=Heh(l + 1) =3IR, — M,

M”m HEh..Ms
M ,Fh(u':k..-. ke + 1)

T — ———
2 Xk e,

éﬂf“”a érh‘f :‘;—’_" M M,¢=Ma=0
HJA RE MB:MI’_' Al 4 MB=MD=iFh MC=O
MC=G
FK k,,)
o - SR (M
2 (k.,
iy Fky Fi
Re=—R WEE( K HEH-Xk_ R£== "'RA=T
J Y :u<+1) g
RN 2k, My=Hh Mp=1Igh

Me=Hgh(l + ) —4Fh







i H. ANALYSIS OF RATES 1
(1) Earthwork (2) Mortar
1. Earthwork Excavation for foundation (for 100 Cft) 1. Cement mortar (for100Cft) 1:2 1:3 1:4 1:6
(to a depth of 5 ft & removing within 100 ft) Cement (Lbs) 4140 2970 2250 1500
= (Cft) (46) (33) (25) (16 %)
Workers ( ordinary soil ) 1% Man-day | = sand (Cft) .92 100 100 100
Workers ( medium soil ) 2 Man-day Workers (Man-day}) 4 A 4 4
Workers ( hard soil ) 3 Man-day

2. Damp proof cement motor 1:2 (for 100 Cft)

2. Earthwork Excavation for digging (for 100 Cft) (with 5% Pudlo by weight of cement)

) ) . Cement (48 Cft) 4320 Lbs
(in sand or clay or laterite up to 10 ft initial depth ) .
Pudlo 216 Lbs
Workers 3 Man-day Sand 9% Cft
Workers 4 Man-day

. Earthwork Excavation for digging drain (for 100 Rft)

3. Composite mortar for plaster
(1’ 8” at top, 9” at bottom & average depth 127) P Pl

{for 100 Cft) s UL S TR M B
Workers ( ordinary soil ) 2 Man-day Cement  (Lbs) 1500 1440 2178
Workers ( hard soil ) 3 Man-day (Cft) (16 2,3) (16) (24.2)
Lime (Cft) 16 */3 32 12.1
Sand (Cft) 100 100

Workers  (Man-day) 4 4




-

(3) Concrete (Hand-Mixed)
1. Cement concrete (for 100 Cft)
Proportion Cement Chipping/River shingle Sand Mason Workers
{Lbs) (Cft) (Cft) {Man-day) (Man-day)
1:1%:3 2790 (31 Cft) 92 (KW to%”) 46 1 10
1:2:4 2070 (23 Cft) 92 (%W to%”) 46 i 10
1:2%:5 1710 (19 Cft) 94 (%) a7 1 10
1:3:6 1440 (16 Cft) 96 (1%") 48 1 8
1:4:8 1170 (13 Cft) 104 (%" to1%") 52 1 10
2. Cement concrete for damp proof course (DPC) with 5% pudlo to the weight of cement (for 100 Cft)
Proportion Cement Pudlo  Chipping/River shingle Sand Mason Worker
{Lbs) (Lbs) {Cft) {Cft) (Man-day) (Man-day)
1:2:4 (1%” tk.) 248 (2% Cft) 12 12 (KW to %" ) 6 1 1
Wl e o 5 e 173 (2 Cft) 8 % 8 (%' to¥%”) 4 % %

(4) Reinforced Concre Hand-Mixed

1. Reinforced concrete (for 100 Cft)

Proportion Cement Chipping/River shingle San.d Mason Workers
{Lbs} {Cft) {Cft) {Man-day) (Man-day)
1:2:4 2070 (23 Cit) 92 (K" to%") 46 2 15




£ (5) Concrete (By Mgghme)

':._1'. r

Cement
ILbS)

: ?:2790{31::1‘:} _

2070 (23ch)
do(16Ch)
| _'jlmua oft)

(6) Brickwork

1.

First class in cement mortar ( for 100 Cft)

Cement
(Lbs)

1035 (11.5 Cft)
780 (8 2/3 Cft)

630 (7 Cft)

150

First class in composite mortar ( for 100 Cft )

Cement
(Lbs)

372

92 [ yzn to %ﬂ )

..Cement toncrete (for 100 Cft ) (Mimng & placing}
: : Chtpping/Rmer shmgle;

9 (W 'ta: aﬁ"- -]' _" :

Sand  Fuel
.--;:;{Cff)-. - {Galsy
46 % I.'.:_ R e

104 (% tonéf'f.')f!. i

Brick
(No)
1350
1350

1350

275

Brick
(No)
1350

First class in cement mortar for cornice ( 6” deep ) ( for 100 Rft )

.-:'.iiéf SRS e

* Mixing only without placing

Masons Workers
(Man-day) (Man-day)
4 6
4 (3
4 6
4 3

Sand Masons

(Cft) (Man-day)
24 3/4 4




(7) Stonework

1. 1:3 Cement mortar { for 100 Cit)

Rubble stone

e (Cht)
Coursed rubble stone 125 (selected)
Random rubble stone 150 (rough dressed)

(8) Plastering and Pointing

1. Plastering with cement mortar ( for 100 Sft )

Proprotion e
{lbs)
1:2 %1k 225
1:3 (%" tk.} 150
1:4 (%" tk.) 132.5

1:3 (%" tk.) 225

Cement

{Ibs)

900

1180

Sand
(Cft)

15

Sand
(Cft)

30

40

Mason
(Man-day)

1
1
1

1%

Mason
(Man-day)

Workers

Workers
(Man-day)

6

5

(Man-day)

2
2
2
3




A, C. plain sheet 282 0.96 216 % 3%

Ashestos cement ceiling , joists at 2’ centres { for 256 S5ft )

4’ x & ashestos Joists 18" x B 1%” Woed  Nails Carpenters

T
e cement sheets (Sft}  (Cft} Beadings ({Cft) screws (No}  (Lbs) {(Man-day]
4" x 2" joists 282 8.8 0.96 216 1% 7%

3" x 2”7 joists 282 6.6 0.96 216 1% 6%

Ashestos sheet & A, €. plain sheet ceiling , joists at 4' centres and 2’ cenires cross joists { for 256 Sit }

- 4’ x 4" sheets Joists 1% x %" 1 %" Wood Nails Carpenters
e {Sft} {Cft) Beadings (Cft} screws (No) (tbs} {Man-day}
Asbestos 282 4.89 4.6 0. 216 '
e i% 7%
sheet {a"x2"y (2™27)
A C. plain 282 3.67 46 1.28 216 1% 7
sheet {3"x2"} {2’3-:_2”) L
A. C. Biain shest coiling without celling joists § for 256 5§t |
¥ i xg 18" x %" 1 %" Wood Nails Carpenters
i shests {5t} Beadings {Cf}  screws (No) {Lias} {Wean-day}




4. Plywood ceiling , joists at 2’ centres ( for 256 Sft)

Type
with 3” x 2” joists

with 3" x 1)4” joists

(10) Roofing

S K"N".l"ﬂ’:‘m Fh

L 338 SERNE

ST
oy

Sy

Plywood (3-ply} Scantlings 27 x W
{Sft) {Cft) Beatings (Cft)
295 6.6 -
295 10.35 2.3

S
T

B

o 2
o] CEER
S

NS

Wood
screws (No)

288
288

Nails
{Lbs)

2

Carpenters
(Man-day)

6%
7%

223

ZI.




(10) Roofing contd.

2. 32G.C.G.| sheets ( for 100 Sft )

7 ft C. G. |, sheet {No) G. I. roofing nails {Lbs) Carpenters {Man-day)

9 1% 1%
3. Corrugated A. C. sheet roofing with %” dia. hook bolts and washers ( for 100 Sft )
Trafford or corrugated A. C.  Hook boits and Chrneniiibes thardays
sheet 7’ long {No) washers {Lbs} 8 y
5 5 2
4. Ridging of G. I. plain sheet 24” girth with 9” end laps fixed complete { for 100 Rft )
G. I. plain sheet G. I. roofing nails
Carpenters (Man-da
{Rit) with washers (Lbs) : ( v)
112 1% 2443
5. G. . valley guttering 3’ wide without planks ( for 22.5 Rft)
G. I. plain sheet Naifs
: Carpenters (Man-da
(5ft) {Lbs) £ ( )
72 Y 1

Workers (Man-day)

1

Workers {Man-day)

1




|12 |sE-1g| Y2-10 |

| t i

“iSteetbar  (Lbs) | 1176 § 1176 | 1176 = |
Bindingwire (Ls) | 1 | 1 | 1 o
Steel fixer (Man- day} ) 3/4 1 i |

Worker (Man-day) | S R R S 1

6. Valley gutter of 32.G. . plain sheet 24” girth with 9” end laps supported on }%” thk. valiey boards fixed
complete with 2” x 1” fillets ( for 100 Rft )

G. I. plain Planks 2”y1" fillets Nails Earth oil Carpenters Workers
sheet (Rft) 6”"x%:" (Cft) (Cft) (Lbs) (Gal) {Man-day) (Man-day)

112 9.58 3.19 2% 1% 5 1%

-'_( | Fg_l:mwork o
' _ ‘T’mber shuttermg (far 160 Sft)

_ Mild steel bar, bent and fixed (for 1 Cwt) | _:'_'_ﬁ;:T"_f‘_“h-?fs‘-‘.?’;"ﬂ?“g .15 Ch
,h e e S e Ce _.‘._...‘hm._.m Timhéi" planks 177 110 St . :
| - | Col b e
floor, roof& beam | v i N_a'_ls_ & spikes -3 Lbs
| . brace & wall M. S. bolts and washers !f requ:red

Particulars

carpeﬂt‘-’fs : 4 Man- day




(12) Painting & Washing | (13) Miscellaneous Notes
1. White washing three coats (for 100 Sft) ' ALIOW ( astage of build
Strained lime 1 Cft -
Rice* 2/8 1b _ The quantities of material given below allow for breakages,
Workers 3/8 © Man-day ' sttt
e : | ) ge, etc.
*  Use liquid of glue instead of rice. ;
'qm_ i il s {A) Scantlings ( all timbers ) 10 %
2. Painting three coats with white zinc (for 1000 Sft) : :
Priming coat red lead 30 Lhs (B) Small timber 2”x 2” cross section and below 15 %
o nd o ord
thte zinc paint for 2™ & 3" coats 45 |bs (C) Doors and windows 15 %
Putty 4 |Ibs
Painters 10 Man-day (D) X.P. M. wire netting 10 %
Woarkers 10 Man-day
e P (E) Glass 50 %
3. Painting three coats {new work) with ready mixed paint (F) Roofing tiles
‘of any approved colour (for 1000 Sft) S
Ready mixed paint 75  ibs ; i) Mangalora pattern =%
Putty - : 4 ths (i) Cement roof tiles S 10%
Painters : 10 Man-day ;
Workers s 10  Man-day (i) Asbestos cement sheets - 10%
4. Painting three coats to wood work in posts, chowkets, e
facia boards, eave boards and stringers (for 1000 Sft) Marble slabs %
‘Ready mixed paint 75 1bs H :
: : : 2 ywood 159
oy a5 | :
Bainters = e e 122 Manday | (I} Steelrods 5%
Workers : i 10  Man-day
" '




(" (13) Miscellaneous Notes contd.

nti f timber ri iz
1 ton = 50 ft3 3" x 1”7 = 2400 6” x 1” =1200' | 10" x 1" = 720’
1”7 x 2" =14400°|3" x 2" = 1200’ 6” x 2" = 600" | 10" x2" = 360’
3" x 3" = 800 6” x 6" = 200' 10"x10" = 72’
4”7 x 1" = 1800’ 8" x 1" = 900 | 12"x1" = 600’
4" x 2" = 900’ 8” x 2" = 450’ | 12" x 2" = 300’
4" x 3" = 600’ 8" x 8" =112.5"' | 12™x12" = 50
Properties of vari kinds of Myanmar ti r
Fin Specific gravity | Mpiéture Bending strength | Madulmcf e!astl:tty Compression Hardness | lmpact max.
BE (/) content (%) { b/in?)  (20000b/ic?) | parallel{ib/in?) | (Radial)(ib) | drop (in.)
in 56 (Green) Ssga 11595 L ee 5640 1420 40
el 53 (Dry} PSEREER
lngyin | 53-58(Dry) 543 12830 2021 6835 1510 40
S 70 (Green) SRl SR
; Ka[l_;fln : 49 (Dry) : 734 s 9410 14?8 4530 910 29
i b o6 (Green) R
_-”'_I'eak ; 40 (Dry) 494 ” 11460 5710 980 36
-'. 7 e 67 (Green) ; :_ :
: Padai?ﬂ_( | sa(ory) 43.8 15975 8200 2010 52
B 72 {(Green) | .
Pv.mga_dcs_g.- 56 (Dry) i -48...6 D 15555 8015 1925 43
e 78 (Green) L = ,
Thit 46.3 14305 8220 1865 46
Thitvar 1 64 (pry) s T




-

~

(13) Miscellaneous Notes contd.

Weight of Angles

. Sizeof angles | Lbs per rft Size of angles Lbs per rft Size of angles | Lbs per rit

Sk Cx I x v;' = 191 BRI ] 574 3" x 24" x3.” 6.54
Sy A gy 1,» L 1.01 XA 18.49 3" x 21" x 1y, 4.47
SolRe A e i 234 4" x 4" x5" 15.68 IR xIwrxyrl 747
kgt 179 4 x A" X3 12.75 3R x2%"xy"| 489
SipUeang gk 4.62 4" x & x 3/, 9.73 3% x 3" x17," 10.20
S '-2"-" R XL 3,19 el i 31.10 3% x3" x3," 7.81

PRI 2.43 6" x6"x¥” | 2869 3% x3" xY,” 5.32

2 A” X2 X" 7.65 6 X6 K 24.17 A %2 %" Xy, 7.81
Wyt | 5.0 B x6lRl ] 1955 4% 2 % XY 5.32
2wk xyr | 404 Gl sr i 148D 4" x3"x1" 11.05

| '3"x T 9.35 Pt i 9 76 4" x3" x3" 8.45
At o 737 | 2RxaRYw f’_jE | 319 ' x3% x5 | 1461
g Xyt 489 CanxrRul 5.26 4" x3%"xy," | 1191

3W XWX 13.55 2% x2"x Y 3.61 Vx3R x| 9.09

- 3%x3 » e TR FRPyds 590 .5" x3twifr ol 12,75
awra Rty | Bas b wx2aus 0| a0 siyargaril] 973

143

\




F Thickness | Corrugation l & 6%
T 168.G. 8/3 | 58 54
16 8. G. 1073 | a9 43

i 18 B. G. 8/3 74 68
. 18B.G. 10/3 | 62 56
| 208.6. 8/3 |- 98 88
| 208.6. 10/3 |79 73
| 286 | 873 | 116 | 107
. 286 /3 | 97| 90
| 2as.6. 8/3 | 140 | 130
24 8.G. 10/3 117 108
26B.6. 8/3 185 172

26 8. 6. 10/3 155 143

28 B.G. 8/3 200 | 185
288.6. 1073 | 167 154
308.6. 8/3 | 240 | 222

| 7% g8 | 8% 9
I so | a7 a4 41 35

42 39 37 35 33

64 59 56 52 49

53 50 46 43 a1

81 76 71 67 63

68 | 64 59 56 53

9% | 93 87 82 77

83 | 78 73 63 65

120 | 112 | 105 98 93

100 94 88 83 78

159 | 149 | 139 | 131 | 124

133 | 124 | 136 | 109 | 103

172 | 161 | 150 | 141 | 133

148 | 133 | w»s | g ]

180

170

117

98
126
105

151

206

192

160
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(" APPENDIX (A) : Reinforced Concrete Design Aids ... .. N
TABLE A.1 Area of groups of standard bars, in®
Size , diameter , area and weight of standard bars o O
Bar Size Diameter Cross - Sectional Nominal No.(or) mm 1 3 3 1 5 P B 2 ° 10 i 12
No. (or) rum in, Area , in” Weight , Ibift 6 mm 0.044 | 0.088 | 0132 | 0.175 | 0219 | 0,263 | 0.307 | 6.351 | 0,395 | 0.438 | 0.482 | 0.526
6 mm 0.236 0.044 0.149 No.2 | 0.049 | 0.098 | 0.147 [ 0.196 | 0,246 | 0.295 | 0.344 | 0.393 | 0.442 | 0.491 | 0.540 | (.589
. No.2 0.250 0.049 0.167 6.5 mm 0.052 | 0,163 | 0154 | 0.206 | 0.257 | 0.309 | 0360 | 0412 | 0.463 | 0.515 | 0.566 | 0.617
b5 mm 02 2 0.175 8 thm 0.078 | 0.156 | 0:234 | 0312 | 0390 | 0.468 | 0.546 | 0.621 | 0.701 | 0.779 | 0.857 | 0935
B i) % a0 No.3 | 6110 [ 0221 [ 0331 | 0442 | 0552 { 0.663 | 0773 | 0884 | 0.994 | 1,105 | 1215 | 1.326
No. 3 0.375 0.110 0376 - 535
= e A P s 0] | o110[0220 0330 | 0440 | 0550 | 0.659 | 0765 | 0879 f 0.989 [ 1.099 | 1.209 {1,219
it 10 mm 0394 0.122 0414 et 1090 60122 | 024 0365 | 0487 | 0.609 { 0.731 | 0852 | 0974 | 1096 | 1.218 | 1340 | 1 461
12mm 0472 0.175 0.595 12mm 0.175 {0.351 {0526 | 0.701 | 0.877 | 1.052 | 1.228 | 1.403 | 1,578 | 1.754 | 1.929 | 2.104
¥ 1
Bmm | 7127 mm 0.500 0.196 0.668 3112716 406 | 0303 | 0580 | 0786 | 0082 | 1,179 | 1375 [ 1.571 | 1768 | 1.964 | 2161 | 2357
Hod 050 .16 0.068 i a::": 0.196 | 0393 | 0.589 | 0.786 | 0.982 | 1.179 | 1375 | 1.571 | 1.768 | 1.964 | 2.161 | 2357
No. 5 0.625 0307 1.044 gt [0 : : i ] & : : & : 2
; v TER 0308 T No. 5 | 0307 [ 0.614 | 0921 1228 | 1.535 | 1.8a1 | 2148 | 2455 | 2.762 | 3.069 | 3.376 | 3.683
Teemin, 16mm 0.630 0312 1.060 el o2 To308 fosts 092 | 1232 | 1539 | 1847 | 2155 | 2463 | 2771 [ 3079 | 3387 | 3695
18 mm 0.709 0.395 1342 N m: 0412 | 0.624 | 0935 | 1247 | 1350 | Le71 | 2082 | 2404 | 25806 [ 3018 | 3420 |37
: A 0190 044e 105 18 mm 0395 | 0,789 | 1184 | 1578 | 1973 | 2.367 | 2762 | 3057 | 3.551 | 3,096 | 2340 {4735
T1omm | 1191 mm 0.752 0.444 1511 :
No.6 {0442 | 0.884 | 1326 | 1,768 | 2.200 | 2.652 | 3,094 | 3.536 | 3.978 | a.420 | 4.862 | 5303
20 mm 0.787 0.487 1.656 = =
Adq BB 7 TTT |2 g 311 5. 35 3 | $.887 | 5.331
L CL 77 A5 T 19 mm 0444 | 0880 | 1333 | 1777 | 2221 | 2.666 | 300 | 3554 | 3999 [ 4
mnm =
7222 mm 0874 0.600 2 04l 20 0487 | 0974 | 1461 | 1949 | 2.436 | 2023 | 3.410 | 3.897 | 4384 [ a.871 [ 5358 | 5846
No.7 0.875 0.602 2045 5 nﬁ 0.589 [ 1179 | 1768 | 2358 | 2047 | 3537 | wize [ 4715 | 5305 | 5804 | 6.484 | 7073
24 mm 0.945 0.702 2385 Ll 2;“"3 o600 | 1.200 | 1got | 2401 | 3.001 | 2601 | 4201 | 4.802 | s.902 | 6.002 | 6602 | 7202
1 25 mm el G s, L0 7 | 0602 | 123 | 1805 | 2408 | 3.008 | 3.600 | 4211 [ 4812 | 5.414 | 6.0u6 | 6617 [ 7219
o L S Lol 2 0.701 | 1.403 | 2104 | 2.806 | 3.507 | 4.209 | 4910 | 5612 | 6.313 | 7015 | 7,716 | 8418
b . ; . : : £il 31 AN . ¥
No. & 1.000 0.786 2671 i = -
No O L% 1000 3355 a5 | | 0761|1522 | 2283 | 3045 | 3.806 | 4367 | 5328 | 6089 | 6850 | 7611 | 373 {9134
No. 10 1.270 1.267 4300 S 1"::1 0.786 | 1.571 | 2357 | 3143 | 3929 | 4714 | 5.500 | 6.286 | 7.071 | 7.857 | 8643 {0428
No: 1 1410 1,562 5311 No. 8| 0786 11571 | 2357 | 3143 | 2,000 | 4714 | 5500 | 6286 | 2,071 | 7.857 | 8.693 | 9.408
*Area = 078574 (i) No.9 | LODD { 1.999 | 2.999 | 3.999 | 4.999 | 5.998 | 6.998 | 7.998 | R.997 | 9.997 (108997 | 11.997
b Weight = 3400 * area (b} Tt
e Al e B e el Sl W e wo 10| 267 {2535 | 3.802 [ 5069 | 6336 | 7600 | 870 {10038 ] 10408 | 12653 [1asun 5200
. sawme welght per foot ai the deformed bar No.11 | 1.562 | 3124 | 4,686 | 6248 | 7.850 | 9372 [10934 |12 498 | 14058 {15601 | 17383 pr 795
\_ | Sopt mavic bars




TABLE A.3
Area of bars in slabs, in2/ft
Har Size Area of ane _ Spacing of Bars, in
No (ofime | Bar, A, 3 |aw ¢ |awe| s s | 8 (6w | 7 72| 8 g 10 =
6 ram 0.044 0178 | 0180 | 0131 | 0117 | 0105 | 0006 | 0088 | 0081 0075 | 0070 | noBE | 0.0:8 | 0053 | 0044
Mo, 2 0.049 019¢ | 0.168 | 0,147 | 0131 | 0118 | 0.107 | 0098 | 0081 | 0084 | 0075 | 007« | 00ES | 0050 | 0048
8 4 mm b O 6206 | 0478 | 0136 | 0.437 | 0123 | 0112 | 0103 | 0005 | 0088 | 0082 | 5077 | 0% | 0052 | 0051
8 ram 0.07% 8312 | 0267 | 0.234 | 0208 | 0187 | 0170 | 0.1% | 0144 | 0134 | 0126 | €117 | 01C4 | 0083 | D07
No. 3 0.110 D44z | 0379 | 033t | 0295 | 0265 | 024 | 0221 | 0204 | 0189 | 0177 | 0186 | 0147 | 0133 | 0410
16 mm 0,123 487 | 0417 | 0385 | 0325 | 0202 | 0266 | 0243 | 0225 | 0208 | 0195 | 0183 | DiE2 | 0146 | D122
12 mm 0.17% 6701 | 0801 | 0526 | 0467 | 0421 | 0382 | 0361 | G324 | 0301 | 0280 | 0283 | 0234 | 0210 | 0478
to. 4 0.196 6785 | 0673 | 0500 | 0524 | 0471 | 0426 | 0390 | 0382 | 0337 | 03%a | 0295 | 022 | 0236 | 0196
Ho, 8 ¢.507 1227 | 1062 | 0820 | 0818 | 0736 | 0669 | 081 | 0538 | 0526 | 0491 | o4s0 | 04ce | 0338 | D307
16 mm 0512 1247 | 1066 | 0235 | o&x1 | 0742 | 0680 | 0623 | 0575 | 053¢ | 0409 | 0467 | 0416 | 0374 | 0312
18 mm §.38 1578 1.352 1183 1052 0847 n.ast o7e8 il D676 1831 0582 0 526 0473 0 A94
Ho 6 Q.44% 1¥BY | 1845 | 1525 | 17A | 1080 | DGS< | 0884 | OBWS | 0757 | OFO7 | 0660 | 0589 | Q530 | 0442
20 mem  oams 1048 | 1670 | 1461 | 1200 | 1180 | 1062 | 097 | 0090 | 0838 | orve | o7m0 | 064 | o584 | 0ae7
22m 0.589 2357 | 2020 | 1788 | 1571 | 1414 | 1286 | 1178 | 1088 | 1010 | 0943 | 088 | 076 | 0707 | 0589
e 7 ] .50 40T | 2082 1,804 | B0a | 443 1312 12613 1D 1031 P37 092 o802z 0.7e2 GHoT
24 i 0.701 2808 | 2404 | 2104 | 1870 | 1883 | 1530 | 1402 | 1295 | 1202 | 1122 | 1082 | o9 | o84t | 0701
z5 roam 0.761 3041 | 2608 | 2283 | 2029 | 1626 | 1660 | 1622 | 1405 | 1304 | 1297 | 114" | 1014 | 093 | 0781
Ho 8 | 0.788 2942 | 268 | 2336 | 2004 | 1888 | 1714 | 1571 | 1450 | 1346 | 1257 | 1178 | 1047 | omz | 0788
¢ Area (il i) = m ¥ Ay

\.




TABLE A.4
Limiting steel reinforcement ratios for tension-controlled members

£ D003 + e,

' [ Pmax 200 3\/’}"{
f,, psi !, psi B €, = 0,005 €, = 0.004 Prin =~ Proin = w;.;—-
¥
40,000 3000 0.85 0.0203 0.0232 0.0050 0.0041
: 4000 0.85 0.0271 0.0310 0.0050 0.0047

5000 0.80 0.0319 0.0364 0.0050 00053
6000 0.75 0.0359 00410 0.0050 (.0058
T000 0.70 0.0390 00446 0.0050 0.0063
8000 0.65 0.0414 0.0474 0.0050 0.0067
9000 0.65 0.0466 0.0533 0.0050 0.0071

50,000 3000 0.85 0.0163 0.0186 0.0040 0.0033
4000 0.85 0.0217 0.0248 0.0040 0.0038
5000 0.80 00255 0.0201 0.0040 0.0042
6000 0.75 00287 0.0328 0.0040 0,0046
7000 0.70 00312 0.0357 0.0040 0.0050
BOOD 0.65 00332 0.0379 0.0040 0.0054
9000 0.65 0.0373 0.0426 0.0040 0.0057

60.000 3000 (.85 0.0135 6.0155 0.0033 0.0027
4000 0.85 0.0181 0.0206 0.0033 0.0032
S000 .80 046213 0.0243 0.0033 0.0035
6000 075 0.6239 0.0273 0.0033 0.0039
7000 0.70 0.0260 0.0298 0.0033 0.0042
|000 0.65 0.0276 0.0316 0.0033 0.0045
9000 0.65 0.0311 0.0355 0.06033 00047

75,000 3000 0.85 0.0108 00124 0.0027 0.0022
4000 0.88 0.0145 0.0165 0.0027 0.0025
5000 0.80 0.0170 00194 0.0027 00028
6000 0.75 0.0191 0.0219 00027 0.0031
7000 0.70 0.0208 0.0238 0.0027 0.0033
800D 0.65 0.0221 0.0253 0.0027 0.0036
9000 0.65 0.0249 0.0284 0.0027 0.0038

ay = o.sssl’ﬁ 0.003
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Table A.6a
Maximum number of bars as a single layer in beam stems
3 in. Maximum Size Aggregate, No. 4 ( # 13) Stirrups®
Bar No. Beam Width b, in.
inch-
Pound §I 8 10 12 14 16 18 20 22 24 24 28 30
5 16 2 4 5 6 7 8 i 11 12 i3 15 16
6 9 2 3 4 6 7 8 9 10 1 12 14 15
7 22 2 3 4 h G 7 ¥ b 10 13 12 13
8 25 2 3 4 5 6 7 X 9 10 {1 12 13
9 29 i 2 3 49 5 6 7 ] 9 9 0 11
10 32 l 2 3 4 5 6 6 7 8 9 140 10
11 36 1 2 3 3 4 5 5 6 7 8 8 9
14 43 l 3 2 3 3 4 5 5 6 6 7 8
18 57 | l 2 2 ] 3 4 4 4 5 5 6 -
1 in. Maximum Size Aggregate, No. 4 ( # 13) Stirrups®
Bar No. Beam Width b, in.
Inch-
Pound Sl B 10 12 14 16 18 20 22 24 26 28 30
5 16 2 3 4 b 6 7 8 9 0 i1 12 I3
6 L9 2 3 4 5 b 7 8 9 9 10 3 12
7T 0n | 2 3 4 5 6 7 8 9 10 10 1"
& 25 l 2 3 4 3 4 7 7 3 9 0 11
9 29 1 2 3 4 5 6 7 7 8 9 Y 10
10 X2 1 2 a2 4 ] ] fi 7 7 8 9 0.
“Mli\iﬁ:nlu Q.nuwta cover wssumed to be 1} in. to the No. 4 (No. 13) sfirrup. 152
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( TABLE A. 9 TABLE A. 10 _\

fhicient for dead load pesiti ts in slabs’
Coefficient for negative moments in slabs” Sttty e i

; L
M c it g

! ¥ C acal wl ?
= g ;
M

where w = fotal uniform dead load

c 2 where w = total uniform dead plus Live load M giop.at= Coarli
N gigt b sy Wiy
b= g Whh

Ratlo | Case | | Case 2 | Cane 3| G

, Z'._I:‘-- ot _._._._.._g_

i rRr |

G | { 'ﬁ.i-.j-"'-f"
G| OGS 006 4D
Chasp | | D041 D072

: RS fobss |
; Crme | 1 D07
Come | | 00081 | 0
Cuer| 0o
0074 |
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ot Sl

065 el

T B
B

959 --‘:m:.;r. o 0{336 .
T Came| 10006 | 08

A & crosshatched edge indicates tial the stab continues aceoss. or s fixed a1, the support; an univarked edge indicaes
A A crosshatched edge Indicates thal the slab continues across, or is fixed at, the support: an unmarked edge indicates a support at which torshonal resistance is negligible.
a suppoert @ which loisional reststance is negligible,

-




4 ™
TABLE A.11

Coefficient for live load positive moments in slabs” TABLE A. 12
Ratio of load Win I, and I, directions for shear in slab and load on support

! T ,.u-.n’2

apmdt= o Wiy
. : 2 where w = lotal uniform live load
k-»,-m...'f. Cy vy

Rail | Case 1 | Case? | Case 3 | Cased | Cases | Cane 6 | CaveT | Case8 | Coned
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@ support a1 which wrsiomial resistance is negligzible,
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TABLE A. 13
Moment and shear values using ACI coefficients'

Positive moment

3 Discontinuous end 1
End spans | unrestrainad: 0 11
If discontinuous end is unrestrained il Spandraf: - = e B R
i ; M FRelet: 24 1 WA 18 FER B/ ST
If discontinuous end is integral with the support Wy Goturnn: L &
; o
Interior spans ; e wula 3
Negative moment at exierior face of first interior support ] l ]
Two spans gwl 5 ¢ 3 =
Mare than two spans s {a)
: i . i 2
Negative moment at other faces of nterior supposts i1 Wiln Discontinuous end T 1 5
Negative moment at face of all supports for (1) slabs with spans not exceeding ;"’::::‘;’w- Ly e 1 .
10 ft and (2) beams and girders where ratio of sum of column stiffness to beam Cp ' ek i 8 W a {5 at
. o 1 2 o v o - e o
stiffness exceeds 8 at each end of the span Hwuls Ko % ia i8
Negative moment at interior faces of exterior supports for members built integrally -
with their supports l J l
Where the support is a spandrel beam or girder swly = i;). -
) ] L., 42
Where the support is a column 16 Wl
& * w“j" 1 1 1 1 1 1 1
Shear in end members at first interior support 1:15 T 55 7 B 1% o
L th$ pop=t==t
2 wil @)
Shear at all other supports 5
5 _ _
", = towa factored load per unit length of beain or per unit area of slab. 11.2 1.13 .1191 alg '13é ijﬁ 11}
!, = clear span for positive moment and shear and the average of the two adjacent clear spans for negative -
moment. i‘-“_u
I
()




GRAPH A.1
Approximate location of theoretical points where bars can be bent up or
down or cut off for continuous beams, uniformly loaded and built integrally with
their supports according to the coefficients in the ACI Code
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GRAPH A.2
Column strength interaction diagram for rectangular section

with bars on four faces and y= 0.60
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GRAPH A.3
Column strength interaction diagram for rectangular section

with bars on four facesand 7y = 0.70
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GRAPH A.4
Column strength interaction diagram for rectangular section
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GRAPH A.5
Column strength interaction diagram for rectangular section

with bars on four faces and y= 0.90
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APPENDIX (B) : Reinforced Concrete Design Data and Eguations
Loads
Occupancy or Use (2009 IBC) U.D. Live Load, psf
Assembly areas and theatres
Fixed seats (fastened to floor) 60
Lobbies 100
Movable seats 160
Stages and platforms 125
Balconies (exterior) and decks (same as occupancy served) -
Corridors (except as otherwise indicated) 100
Fire escapes 100
On single-family dwellings only 40
Garages (passenger vehicles only) 40
Trucks and buses (See IBC Sec. 1607.6) :
H 20-44 and HS 20-44 —— 640 1b/ft of lane + conc. load of 18000
ib for moment / 26000 Ib for shear
H 15-44 and HS 15-44 — 480 Ib/ft of lane + conc. load of 13500
Ib for moment / 19500 Ib for shear
Hospitals
Operating rooms, laboratories 60
Patient rooms 40
Corridors above the first floor : 80 0=
b s g ; : il Qlﬁ 4)
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Loads contd.

Occupancy or Use

(2009 IBC) U.D. Live Load, psf

Residential

Roofs

Schools

Office Buildings

Lobbies and first-tloor corndors
Offices
Corridors above the first floor

Dwellings (one and two-family)
Uninhabitable attics without storage
Uninhabitable attics with limited storage
Habitable attics and sleeping areas
All other areas

Hotels and multifamily dwellings
Private rooms and corridors serving them
Public rooms and corridors serving them

Ordinary flat, pitched, and curved roofs
Roofs used for promenade purposes
Roofs used for roof gardens or assembly purposes

Classrooms
Corridors above the first floor
First-floor corridors

Stairs and exits

One and two-family dwellings only

100
S0
30

20
30
40

40
1640

20
60
100

40
80
100
106
40




Load Factors (ACI 318-2008) Note:

85 . D = dead load;
Condition Factored Load or Load Effect U &= o tosh {
Basic* U=12D+16L il B, STOOT VG K,
S = snow load;
Dead plus Fluid U=14(D+F) (»)| R = rain load;
F = fluid pressure load;
Rain, Temperature , Soil, (|\U=12(D+F+T)+ 1.6 (L+H)+05(L,or SorR) (s)| H = weight or lateral
: S A ) pressure from soil and
Fluid and Wind in addition U=12D+16(L,orSorR)+(1.0Lor0.8 W) D | water in soil;
< = -strai
to Dead and / or Live U=12D+16 W+10L+05(L,orSorR) (s) ¥ se!f Sirabtay 4
force, i.e., cumulative
U=09D+16W+16H 7\ | effect of temperature,
, - creep, shrinkage and
Earthquake, Soil and Snowin [ [U=12D+10E+1.0L+02S M | differential settlement;
W = wind load;
addition to Dead and /or Live \ [U=09D+10E+16H N | E = earthquake load

Exceptions:
(i) the load factor for the live load L in Egs. (d), (e) and (g) shall be permitted, according to the ACI
code, to be reduced to 0.5 except for garages, areas occupied as places of public assembly, and all
areas where L is greater than 100 psf.

(ii) where wind load W has not been reduced by a directionality factor, it shall be permitted to use 1.3W
in place of 1.6W in Egs. (e) and (F ).

(iif) where E, the load effects of earthquakes, is based on service-load seismic forces (from editions earlier
than ASCE 7-93, UBC 97), 1.4£ shall be used in place of 1.0F in £gs. {g and h).
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Strength Reduction Factors (ACI 318-2008)
m Strength Reduction Factor ¢
Strength Condition !
ACI 318 -2008 (1999)
Tension-controlled section | 090 (0.90)

Compression-controlled section

Members with spiral reinforcement (e.g., spiral columns) 095 (075 )

Other reinforced members (e.g., tied columns) 0.65 (0.70 )
Shear and torsion 0.75 (0.85)
Bearing on concrete 0.65 ( 0.70 )
Post-tensioned anchoring zone 0.85
Strut-and-tie models 0.75

Design Requirements

Design strength = required strength (under factored loads)

or, $s,.2 U
i.e., oM, 2 M, ; oV, =2 V,
O B ul : @GP,z P,

where the subscripts n denote the nominal strengths in flexure, shear, torsion and axial load,
the subscripts u denote the factored load moment, shear, torsion and axial force. 1:57J‘
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Flexural Design 0.85 £,

Singly-reinforced rectangular beams

| é#ﬁlc
M, = 4 AL (4= ) :
A teoe—o—eof-t— B e T:A: ﬁ
_ AL, _ pbdf, _pf,d Ly

085f.h 0.85f.b - 0.85 f. Fig. Singly-reinforced rectangular beam

s f('l En
of. P = 10859, 0.004 Note : €, =0.004 to find p, .

OM, = pf,bd> (1 - 059 =) s &

o I

where, €,=0003 ; B, = 0.85 for f. < 4000 psi

- ' if £ < 4000 psi,
OM, = ¢ R bd’ L B . 208 ]
P min = & —— controls
e
p-f__w If €, =0.005 or “EJ&“ < 0375 ,use $ = 0.90
of r '
If €, =0.004 or dL < 0429 .usedp = 0816 (corres.top, . )
€, = steel strain in outermost layer !

r—
M
I!

- 250
e, if there is only one layer of steel If0.004 < g, < 0.005 ,usep = 0.65+(g—0.002) _35‘_




Flexural Design contd.
Doubly-reinforced rectangular beams

In practical design, if p,, (tensile) < p, . (singly-reinforced) = disregard the compression bars

if p,, (tensile) > p, . (singly-reinforced) = also consider the compression bars

4’ 0.85 £, 0.85 f il s o
sile RIS - oo
ST =N W=7 R e T ‘ L
4 T e S | B, B
€ f-] l L £ | “ | bd |
# e & Td‘|d A ¢ Fig. Doubly-reinforced
1 | r ', rectangular beam
AJ T T _.._E i i 0 e [ P fim | SRS et [
Pt A ‘ ' '-" y 3. ﬁ‘- , o 1
e s e s W Pp=Ppt P
(@) _ (b) (¢) (d) (e)
When both steels yield, (M) (M,,) (M,,) Par = P + P
Al aelnd . .
% 085r b 0.85 f. p (for g, 2 0.005)=p (for € =0.005) + p'
My = My + My = Ay fy(d=d)+ (A4 )_;g,(d_% ) If p,, < p (for g 2 0.005), use ¢ =0.90.

If p (for € 2 0.005) < P,y < Pax »

food B |
f, d 87,000~ f, Pl ¢ must be found by interpolation,

Min. limiting steel ratio, Ecry = 0.85p,

SBEEE RS E‘ compression steel does not yield, i.e., es;-: €, and .fj_\.' 3




-

Puin =3 4 f; /f, and 200/ f applies to T- i = =~
: . !
-
beams, too. For T-beams, the ratio p should be eE

computed based on the web width b, .

\_

Flexural Design contd. Fig. Effective flange width |, p<p + 50+ Ezz_ 1/ bsb+ Sk
Flanie? Sections of flanged beams 2/ b<b,+i6h, 2/ b&b+6h,
If a = 08;;‘: 5 > hy , analyze as T-beam b<4db, R % S i .E
¢ | b | b g b i
_ |
_085f (b-b,)h, s Ay —F
sf f | ;{‘ [ | | I_ ;
- 3 7 <8h, <84 € 95
s S
MrI:A-’-}".fp [d‘““%] mhahs SH’EL il g-i-{ éasir it e
b bt e
(A -Ay) £y § ’
o DR R (a) Isolated T-beam (b) T-beam (¢) Inverted L-beam
851, by by 0.85 £,
a “' —— b Ricaiiaam 2 . o | J-
£ ) e ra=smge
M e My + My /j// e . = l TR f ; 7»- e et e . :
A T-beam is underreinforced if d / 1
A_f e L O T = * o4 - -z ;_ - A.If}’
lAct pw( A/b d ) < pwm( pmm+pf) by (a) HEL---- (b) (©)
Par 18 the same as for smgly-remforced rectangular section; € =0.004 ; p, = L. and p ;= !




Shear Design

: I : ' B ' ' : ™\
VuseV, Vo= [1.9 fc' + 2500 —pL“ )-bw_d =35 fc b, d

¢ = 0.75 for shear | 3 | # | |

| | oA F.d where p,, = A,/ by d (for T-beams having web width b,)
V, <oV, + —— e 3
Funsd s or Ag/bd (for rectangular beams). V,d/M, < 1.0
T v _
5= %:W Vo=247 byd (conservative )
" | . ¢ K )

Provide at least a min. area of web reinforcement equal to the equation given below if ¢ V./ 2 < V,, < ¢V..

If V, < ¢V./2, no web reinforcement is required.

- Min A, = 075 4 f; b‘f's 230 by (If ﬂ = 4500 psi, the first term controls)
- % % .
£
I ®
Column Design i je_v
For concentrically-loaded tied columns, R e
Max. design strength = 0.52[0.85 f. (A, — A, )+ A, f, ] (tied columns) |
el : M ® nx0
For biaxial bending, Bresler's equation is : : j2 : -[ey
Bo | . I_____®u'\-0 ook b
S Nt b T ] !
F:r. ‘Pu.ﬂ) P_w.} ‘F:J ! I :

k n | i
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APPENDIX (C) : Analysis Formulae
Fixed-End Moment Formulae
+ + a b c
\Yi L] e B T e
g FAY ;E“‘E a £ p 7 Y T
A B A
B
L 4 4 ¢ / pe
NU Load'mg case MAB Ilrf‘” 1 M;.j,‘[;_{
ol ow wl _wL’ wi
12 12 8
W , B , g P
2 | " Wy o Bm+2w) ~ g @m +3my) 150 BW +Tw2)
ﬁ! 2 ” 2 2
3 W (1.5- 2y +0.75¢%) ~ " (1-0.75y) Rl T
- 3 3 8
" WC2 W(‘Z WC2
4 B v1-0.75y) — 2 (15-2y+0.7%9) 224
J—— ;




P

ixed-End nt For e contd.
No Loading case Mrag Mrry Mrap
i
dei Qe 2y
s| o 1Lill» *LEGE—y?) L B *LiG-vY)
,II—L’I-—;'—L.Q—;I' 24 24 16
!
Jc;’i cf 2y
T 2 Tz 2 72 wbc 2 2
6 1 waap' +(L-30) | | —weba + 52 (L-3) - (1-p* —025")
—
i
Wn-n mw
c * . 2 2
| ke ke ——(5-7 -T-(5-y) ——(15-7)
cppcA
£ CAEC 2 2 2
w _— W L
g [T [T wiobatl -y -3 il el e W gt —
4“""1 ‘}'_a_‘l', 12 12 2 4
W
9 ¢ﬂﬂ:l]]:h 2 P . S il
J—12f 12} 96 96 64




4 Fixed-End Moment Formulae contd. N
No Loading case Mpup Mrgy Mrag
=
2 2 2 !
10 ““:ﬂiﬁl £1+ﬁ+ﬂ2“1-553 —-"-"—“-4'-{'----1+.::c+.:1c2 ~1.5¢° wh 1+8)7 —382)
}—a—ﬂ—b-.l' 30 [ ] 30 [ ] 120{ 5{ p )
w
1 . -
W0 L Ao I S
1L I 30 20 120

p—
i~
2
Z ;
MI,_.
o
=
s
I
Bl
%
5
o[
2
e

i
4

13 e ¥ i-1.5y+0.6v°) 2T oty W: (2-25y+06y*)

14 WL:EI:W wel iy sos?) - Z1l1-0.6y) “'j 1-0.757+0.15¢°)
15 w‘EEEIi} "”:2 ¥(1—0.8y) 2 "“‘;'”2 (1-1.5y+0.6y%] we (1-0.6v*)

16 f_‘_ﬂw "‘;f ¥(1-0.67) 28 ; (1—v+0.3v%) “”1; 1-03y?) ank
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Fixed-End Moment Formulae contd.

No Loading case My Mrgy Mrug)
— :
17 ’ L wi? b g B2 =
| ST E%) 32 64
w w
Ders. 1] ! | e g
o I W e | ¥ (1-0.5y) —“g (1-0.5y) ¥ (1-0.5y)
=
2 2 !
19 rh\ . l—ul(2ua £l—a::J(Z—m) E—L—[l—cz:@mu)l
—l'-a-ir .l'-a-} 12 [ ] 12 [ ]
w
W w
21 h\,, ‘(((l L wt -t _-lawﬁ'
J‘—m—* 60 60 4
W
;0 L i -
22 D]Imh__ EE“L 60”, 24w!.
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Fixed-End Moment Formulae contd.

No Loadmg case Mras Mgz Mg
w 1 2 1 ) 1 4
23 — W L A Sow
mrl 60 10 wi 30 w L
e
24 -—i-— wL? - i wil* —1-!—- wI?
L 1. } 15 20 120
" 1
3
¥ iy 3 L
25 —wl’ —-1-WL‘ ._l_w.{“
I } 20 15 12
’
sine w _
2wl 2w’ 3w’
26 3 - — 3
’F_ L_,az_* (s i e
£y i i i
27 A - — i sl
P i i g
! M
28 ~ M p(3u-1) ~M a(3p-1) L 1380

—-’-Fz&




Fixed-End Moment Formulae contd.

No Loading case Mras Mrgi Mray
29 (‘Mi sz M 5 M,+-§M;
P
0 4 2 3 py
Foad
S
31 \Ir P.a. B -P.b. o P:Lb(l +B)
Fad—r—
P p
32 J, i P.a (1-a) ~-£,a (1-a) %g\,_a d-a)
Fat kad
Pl P
| 2 R 0 2 b 2 : 2 2
33 'f . 1 P[zaﬁ + 5 by] F{zba + 2 a'y] pb[;l-g .Q_?ﬁyl
Fad——3
> P P
PO Th L BT Wy
e 7 7! 18
L8 &3 L3 Lig
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Fixed-End Moment Formulae contd.

No Loadmng case Mrss Mrgy Mrag
F P P
q
35 ¥ o —P.L —iP.L ;—zP‘L
TR T TN 16 16 2
n~1loads » P " 2 2
36 PL w1 IPL w1 PL =)
C i 5 12° = TR 8 n
= 4 a 'l g a 1
P P y
Pt | ¥ PL 2n* +1 PL 2n*+1 PL W +1
37 ¢ E S LAy s
> 24 n 24 n 16 1
lgd a ¥ a8V a™ aTaq
6E] 6ET 3EI
38 —(Ap—A,) —(ag-a,) - (ag-a,)
o I I
3 4EI 2E S
I P4 I A I 4
A A A
40 Elav, < S Tay, = = Blay. ==
@ar h ar i ar A
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Beam Deflections and Slopes

Loading

1:+T

Equation + T g ’X

PL PL? Py adoh
.. BN & ——(3" ~ 3Lx"}
Ums = T 3Ep Oms = " 381 s
atx = L atx = L
M,L? Mol - Mo o
Yox = E1 o = i1 Rz
atxy =L atx = L
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Beam Deflections and Slopes contd.

atx =0o0rx = L

wl® = wL®
P B e amak = T i = — L 4[,.,1’3 v 6L2X2
K QE] 6F7 2AE] (x )
atx = L atx = L
ey ) .
5 48E7T Ry = E’ M i {4):3 o 3!.%‘(}., =y = sz
& 5 Lf.?.. 48E]

A Pab{l. + b)
6LET

_ Pab(L + @)

6LE]

i =




o X
am Deflections Slope ntd.
Swl? g
ril = — .
max 184[5‘-’1 » o H-'l. e X o 2 3
B = - gl — (x a4 L
L X 24[_;] 245}
atx = —
= 2013 — 24 + 16F)
3 ARAET
9 3wl s g
== — =x=1/2
; 128E1
B e e ) g o B 75
g = ._J wl 2 3345{8; 241x* 4 Y7Ly — L)
384ET L =x=
M, L
1 n 9‘;_ == I
s e AT o .. T e
Mk M IE] ol == GE]LEX 3 ot )
5 Mol
IETL
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i APPENDIX (D) : Mensuration

I
| 1. Right triangle | (One angle 90°)
< ip=a+b+c; c2=a:+bz;
C b r ab a* et . &
A=s—= — = — —E e 20 .
o ! »ig 5 tan 2 sin 23 7 Sin |
; 4 |
: TS e e N .__i...ﬁr_%diﬁml formulas, sec General Triangle beloffff gl_s? mg_nfz_netL ;
| 2. General triangle (and equilateral) | ForGeneral Triangle :
Triangle) p=a+b+c.Let.r=lh(a +b + o)
i Vs(s—a)(s—b)(s—c) a abc
{ F = % R G Bl g < Le—=it
| s 2sin @ Ars
|
| ab _ ab b” sin ¥ sin abc
A ) B GRS, el 3 = I sw—
e A sin B o

Length of mediantoside ¢ = % V2 (a + b? - &

Vab [(a@ + b)° — ¢’
a+b :

Length of bisector of angle ¥ =

For Equilateral Triangle (a = b =c and o = § = y= 60°)
(Equal sides and equal angles)

s -t o
| P=3s r=s7 R i 2r,
sN3 S_Zh. A—-Si-“ 3
2 e = V3 S

| S — i —— ——— e e e e e e e e e ——————————————— e e e e

l ;




Mensuration contd. \

3. Rectangle (and square) | For Rectangle : |

p=2a+b); d=Va + b ;A =ab.

3 a For Square(a = b = s) ’

ol ) 3 | !

b | p_4s.d—s\ff.s-—qi,d s 5" 1

| L RS UNCWSNCSR N5 ) -

4 ’i |
4. General parallelogram | For General Parallelogram (Rhomboid) :

(Rhomboid & Rhombus) (Opposite sides parallel) _

| p=2{a+b); di = a?'-i—b?'-—?.abcos*f; |

o T dy = '\la2+b2+2abcosY; d12+dzz - 2(02+b2)’. :

b o1 . A = ah = absinY.

l For Rhombus (a= b = s): 5

- . (Opposite sides parallct and all sides equal) 1

| po=ds; 4y = 2ssind; @ = 2scosd; i+ dy? = 45 l|

d |

dy.dy = 2ssiny; A = sh'= stsiny = d12 :
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Mensuration contd.

e Let mid-line bisecting non-paralledl sides = m. Then m = 2+
(and Isosceles Trapezoid) ‘
For General Trapezoid :
e —— (Only one pair of opposite sides parallel)
c/--.-"ﬂ _____ d L p=a+b+c+d;A=£a—+2—b-u'-=mh.
/4- J_ For Isosceles Trapezoid (d = ¢) :
o a i

(Non-parallel sides equal)

W (@ + bk Lo o (@ + b)csiny
2 - 2

= (@~ ccos¥) csiny = (b + ccosy) csiny

6. General quardrilateral
Capezium) {No sides parallel)
P = avb+c+d

A = Y5 didy sin & = sum of areas of the two triangles formed by either

diagonal and the four sides.




Mensuration contd.

7. Quardrilateral inscribed
in Circle

<
S

(1go% )

(Sum of opposite angles = 180° )
ac+ bd = dy d;.

lets = Yo(@+b+c+d) = %andu. = angle between sides a and b.

A=V -a@-bE-00G -d

= Y2(ab + cd) sin .

8. Regular polygon
(and general polygon)

s~

For Regular Polygon : (Equal sides and equal angles)

Let n = number of sides.

ne
= —Z'—cota = sum of areas of

Central angle = 2a = %:E radians.
Ventex angle = = . : 2 7 radians.
pieine: & 2riawd =) 2Rsaq;
r=Z2cota; R = Scoseco;

2 ' i 2 ]

2 2
A= = arfna = 5‘-§~sin2u
the 7 equal triangles such as OAB.

For General Polygon :

A = sum of arcas of constituent triangles into which it can be divided.




Mensuration contd.

For Circle Arc:

9. Circle (and circular arc)

Let arc PAQ = s and chord PA = (chord of ;-) = I'. Then,

Al
L S ¢ de gI' — 1
T i Q y § = e e “E': g = 3
t 1 i .
! For 8 small, error is very small ; for 8 = 120°, error equals
O'\/f aboullparlin;ti()(), 1+
i = 2rsin§; | = 2¥ik - ¥ (approximate formaula)
\/ 2 2
! < = g = ! . Pl i!:__u- 3
| 5 | r 5 g i 5 7 (approxiamte formula)
2 sin—
2
. s 2
For Circle : ho=47 NA-L (ires 180 + if 6 > 180°)
4 y 4
d = 2r;
c= 21!; ; ;Id;cz =r (1 - cosg) = rvcrsin% = 2rsin2% = % .um-g—
AsR ] == s
] 4 4n =r+).;-—\1r2--zr:2

Side ordinatecy = h —r + v P2




Mensuration contd.

10. Circular sector For Circular Scctor :
(and semicircle)
Al .9_'"2 VO 7

For Semicircle :

2
v ok 2
N
: 2
11. Circular segment 5 e L’“(Q-Sil‘lﬂ)
2
S Pt
. * = Valsr+ I(r=h)] (-ifh<r; + if h2r)
- iy o
/>\ A = 5= or 2 (8I'+6l). Forh = i first formula error is

about 3.5% and second less than 1.0%.)
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Mensuration contd.

12. Wedge (and right
triangular prism)

For Wedge :
(Narrow-side rectangular) ; V = Eé,- (24 + &)

For Right Triangular Prism (or wedge having
parallel triangular bases perpendicular to sides)

h = 4L = 1I;
abl
¥ e
2
13. General pyramid For General Pyramid :
(and frustum of pyramid) h Ap s PB
VT Al

For Frustum of general pyramid :
AI L ‘% (.Pg + P.)

V = %(AB+A:,+QAB Ab )




Mensuration conitd.

14, Right circular cone
(and frustum of right
circular cone)

For Right Circular Cone :
Al =nrgs=nrg m Ar=nlg (I + 5);
ars’h
3
For Frustum of Right Circular Cone :
s = VYh' +(rg-ry); Ar = ns(rg+re);
Ty
3

V-

V = (r32+r;,2+r3r,5)

J'Ea'“3
6

16. Spherical sector
(and Hemisphere)

. 2
Letdiameter =d ;: A, = 4nr° = nd°: V = Anr
For Spherical Sector : ,
nr J 2nr'h
A = -—i-(4h + Y5 ¥ 3

: {
For Hemisphere ( letting h = 5 r)

21!;'3

3

A oS ke V =




h
sl

A= 3b(h + h)

b(zhg -+ h;)
3(h + hy

s

e

WSS _""E

Semi-segment of nth degree curve

e

Semi Parabola
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APPENDIX (E) : Length of Bent Bars

\

Shape Total length of bar (L) measured Shape S Yotal length of bar (L)
code shape along centre line code - measured along cenlre line
00 A
A+ {C)
0l A 15 Seencte 1
Stock lenaths , See Note 4
0,
1 A+ (B -05r-d
e
(B} l
J 21
A+B+(C)-r1-2d
RA :
A+ (B} —0.43R - 1.2d 1
12 e Meither A nor B shall be less than i —
| % + &l
|
A+B+C+(D)-1.5r-3d
C shall not be less than
A+ 0578+ (C]—1.6d 22 2ir )
13 il | 8 shallnotbeless than 2 + dj. ! ‘D) shiali not ke fess ther
hizither & nor C shal be tass than { C/2+ 5d
R~ 5d). See note 3
¥
s A+B+(C)-r—2d
! o T (©)
e A4 (C)-4d
S=e note | (G}
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Length of Bent Bars contd.

\

Shape i Total length of bar (L) shape i Total length of bar (L)
code SO measured olong cenlre line cade ey medsured along centre line
A+ B+ (T A+B+{C)-05r—d
24 Aand (C) are at 90° to ane 2% See note 1.
another
A+B+(E)
i E Is the critical climension,
25 schedule & 99 and specify A 28 A+B+ (Cj-r-2d
orB as the free dimension See note 1,
See note |
4
i
A+B+(C] o] A+B+C+(D)-15r-3d
26 See note | 31 |
L. |
} ]
; A+B+{C}-051~d ) B A+B+ (D}~ 151~ 3d
= See note 1. e |
H ‘{BJ
C L




i Length of Bent Bars contd. Y

Shape Sena Tofal length r_ur._bm (1) measured Shape Shope Total length of bar {{}_mecsur‘.‘-c
code along cenire line code along cenfre fine
28 + 1. 7B+ 2{C) - 1d
a3 A>12d + 30mm. B> 2(r+ d) G A+BsC+D+(E) - 2r — &d
(€} > B/2 + 5d. See nate 3
A+B+C+{EY- 057 —d A+ 2B+ C+(E)
3 See nofe | 16 Jee pote |}
|
2A+B+ 2T+ 151 —~3d
{C} and (D} shall be equal and not]
A+B+C+{E) - 05r -d 17 move thon & Wihere (Cl and (D) are
5 e et b3 ro b minimized the following
bt ' B formula moy be used:
L=2A+ 8 +man {21d, 240)
2{A+B+2(T))-25r 54
(T} and (&) shall be egual and
A+B+CH+i{D) - r-2d £ nat mose thap & or 8, Wheve (C} and
28 ST ) = [D) are to be minimized the
following fornuda may be wsed:
L= 27+ 2B+ max. (164, 160}
A+B+C+D+{E) — 2r — ad
Moy also be used{fr}'!ag litnk viz A+B+C+{D)+2(E}-2.5r—5d
a1 I R M| 56 (E) andt (F shall be equat and not
mawre thon & gr C. See notes 1 ond
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Length of Bent Bars contd.

N

x :

Shape Shape I Total length of bar (L) meosured Shape -
Blpiede 3 e T 4
=08 s along cerilre line code il along centre line

Tetal length of bar (L) measured

2A + 3B +2(C)=3r—éd

0 shall be egual and not

! a n(A-d)+B
are 1o be tminimized the [ollowing | 75

formuta may e us

L =2A+ 38 + max{14d, 150)

Where B is the lap

i___..--_{._ PSR SSg SISSCISS L
64 A+B+C+2D+E+(F) - 3r ~6d [ |
| B i
tee note 2, 77 —1 1 in which
| A srmutn may be
= number of tu e ;
; C = pumber of turna L=C ((r(A-d))® + BZ}M
67 i 08 A+2B+C+(D) - 2r ~ 4d
e BV =t sometric sketah,
R
Nates ~ = N

1 The length equations for shapes 14, 15, 25, 26, 27, 28, 29, 34, 35, 36 and 46 are approximate and where the bend angle [s greatér than 459, the length
should be calculated more accurately allowing for the difference betweenthe specified overall dimensfons and the trus length measured alang the central
axis of the bar,

2 § bends or more may be impractical within permitted tolerances. :

3 For shapes with stralght and curved fengths (e.g. shape codes 12, 13, 22, 33 and 47) the largest practical mandrel slze for the production of a

continuous curve (s 400 mm,

4 Stock lengths are avaliable in a limited number of lengths (e.g. 6m, 12m). Rimension A for shape code 01 should be regarded as indicative and Used
\ for the purpose of calculating total length, Actual dalivery lengths should be by agreement with the supplier




Type

Weight ( Ib/ft?)

Aluminium
Copper
Gold

{ron

Lead
Mercury
Nickel
Platinum
Silver

Tin
Uranium
Zinc

Sea Water
Water

1 Ice

=y

Type

" Weight ( 1b/ft?)

Asbestos cement sheeting,
Flat 0.25 in. wallboard
Fully-compressed

Glass (Sheet)

32 oz, 0.156 in. thick

Glass (Cast, clear plate)
0.25 in. thick
0.5 in. thick

Plywood (per mm thick)

1.4
2.5

3.3
6.5
0.125 £ 0.025 _

Plain concrete
Reinforced or prestressed concrete
Bricks
Cement, portland, loose
Cement, portland, set
Soils (Non-cohesive (or granular))
Loose
Dense
Soils (Cohesive)
Soft
Firm
Stiff
Stonework, natural (Limestone)
Light
Medium
Heavy, e.g. marble
Stonework, natural (Sandstone)
Light
Medium
Heavy
Stonework, natural (Granite)
Light
Medium
Heavy
Stonework, natural (Shale or slate)

145
150
120
90

183

115+ 10
130+ 10

100+ 15
110+ 10
125+ 10

130
140
170

137
145
150

162
165
183
175
6.7+0.7

Terrazo (Paving 0.625 in. )




Other weld symbols

et
S i
: :

Shop weld

Field weld

Weld all around

E&0 }"—/.4 [/-r——@\\

-Basit-: uw.;eld symbols

Fillet il e %
Plug / slot Sk ) :I
Sgquare SN & (TR
v TN ez
Bevel i (ZZ T
U e R
J ST
Flare V X (27T A
Flare bevel e %ZZE

Backing bar )_?\_ ZZZH 777

Weld symbol examples

" e Y fillet weld, shop welded on near side |
>;;[\__ . ]\ b. %”ﬁ!!er weld, field welded on both sides |
A |

4 ' f
A Vi fillet weld, field weld all around,
use E80 electrodes
¥ 3" @R ;/,, 3 2l W1
e, gl /:Jier weld, shop welded on far side,
b 3"long welds at 8" on center

> ) e. single bevel weld, field welded with
S backing bar 2




Amplification Factor A multiplier used to
increase the computed moment or deflection
in a member to account for the cccentricity of
the load.

Annealing A process in which steel is heat-
ed to an intermediale temperature range, held
at that temperature for several hours, and
then allowed to stowly cool off to room tem-
perature. The resulting steel has less hardness
and brittleness, but more ductility.

Beam-Column A column that is subjected
to axial compression loads as well as bending
moments. )

Bearing Wall Construction Building con-
struction where all the loads are transferred 1o
the walls and thence down to the foundations.
Braced Frame A frame that has resistance
to lateral loads supplied by some type of aux-
iliary bracing.

Buckling Load The load at which a straight
compression member assumes a deflected
position.

Built-Up Member A member made up of

two or more steel elements bolted or welded
together to form a single member.

Camber The construction of 8 member bent
oy arched in one direction so that it won’t
look so bad when the scrvice loads bend it in
the opposite direction,

Cast Iron  An iron with a very low carbon

\ conlent.

( APPENDIX (H) : Steel Design Glossary

Cladding  The exterior covering of the struc-
tural parts of a building.

Cold-Formed Light-Gage Steel Shapes
Shapes made by cold bending thin sheets of
carbon ot low-alloy steels into desired cross
sections.

Column A structural member whose prima-
ry function is to support compressive loads.
Compact Section A section that has a suffi-
ciently stocky pruofile so that it is capable of
developing a [ully plastic stress distribution
before buckling.
Composite Beam A -lcel beam made com-
posite with a concrete slab by providing shear
transfer between the two

Composite Column \ column constructed
with rolled or butlt up ~iee! shapes, encased in
concrete or with coner (Le placed inside steel
pipes or tubes

Coping The cutting Fich of the Hanges of a
beam o facilitate its cornection o another
beam

Drift Lateral deflection of a building,
Drift Index The ratio of lateral deflection of
a building 10 its height

Effective Length  The distance between
points of Zero moment in a column; that is, the
distance between its inflection points,

"\

Euler Load The compression load at which
a long and slender member will buckle elasti-
cally. 1

Eyebar- A pin-connected tension member
whose ends are enlarged with respect to the
rest of the member 50 as to make the strength
of the ends approximately equal to the
strength of the rest of the member.

fillet Weld A weld placed in the corner
formed by two overlapping parts in contact
with cach other

First-Order Analysis  Analysis of a structure
in which equilibrium equations are writien
based on an assumed nondeformed structure.

Gage ‘Transverse spacing of bolts measured
perpendicular to the long direction of the
member

Girder A rather loosely used term usu.lly
indicating a large beam and perhaps one into
which smaller beams are framed.

Groove Welds  Welds made in grooves
between members that are being joined. They
may extend for the full thickness of the parts
(complete-penetration groove welds) or they
may extend for only a part of the member
thickness (partial-penetration groave welds)




Tustability A situation oceurring in a member
where increased deformation of that member
causes a reduction n its load-carrying ability.
Ironworker A person performing stecl erec-
tion {it’s a name carried over from the days
when iron structural members were used).
Joists The closely spaced beams supporting
the [oors and roots of buildings.

Local Buckling The buckling of the part of a
lareer member that precipitates failure of the
whole member.

Mild Steel

Net Area (Gross cross-sectional area of a
member minus any holes notches, or other

A ductile low-carbon steel.

indentations,

Nominal Loads The magnitudes of loads
specified by a particular code.

Nominal Strength  The theoretical ultimate
strength of @ member or connection.

Noncompact Section A section that cannot
be stressed to o fully plastic situation before
buckling occurs. The yield stress can be
reached in some but not a1l of the compres-
sion elements before buckling occurs.
P-Delta Effect
and deflections duc to lateral deflections.
Pitch  The longitudinal spacing of bolts mea-
sured parallel to the long direction of a mem-

\L her

Changes i column moments

/~ Steel Design Glossary contd.

Plate Girder A built-up steel beam

Ponding A siluation on a tlat roof where
water accumulates faster than it runs off.

Sag Rods  Steel rods that are used to provide
lateral support for roof purlins. They also may
be used for the same purpose for girts on the
sides of buildines

Second-Order Analysis  Analysis of a strue-
ture for which equilibrium equations are writ-
ten that include the effect of the deformations
ol the structure.

Section Modulus  The ratio of the moment
of inerha taken about a particular axis of a
section divided by the distance to the extreme
fiber of the section measured perpendicular
to the axis in guestion.

Service Loads  The loads that are assumed
to be applied to a structure when il is in ser-
vice (also called working loads).

Shear Center The point in the cross scction
of a beam through which the resultant of the
transverse loads must pass so that no torsion

will oceur.
Shear Wall A wall in a structure that is spe-

cially designed to resist shears causcd by lat-

eral forces such as wind or earthquake in the

plane of the wall.

Sidesway The lateral movement of a struc-
ture caused by unsymmélrical loads or by an

unsymmetrical arrangement of building mem-

bers.

Slenderness Ratio  The ratio of Lhe etfective
length of a columm te its radius of gyration,
both pertaining to the same axis of bending.
Stiffener A plate or an angle usually con-
nected o the web of a beam or girder to pre-
vent failure of the web

Story Drift  The diffcrence in horizontal
deflection at the top and bottom ol a parlicu-
lar story.

Strain-Hardening Range beyond plastic
strain in which additional stress is necessary
to praduce additional strain.

Unbraced Frame A frame whose resistance
{o lateral forces is provided by its members
and their connections.

Unbraced Length  The distance in a member
between points that are braced.

Upset Rods  Rods whose ends are made
larger than the regular bodies of the rods.
Threads are cut into the upset ends, but the
area at the root of the thread in each rod is
larger than that of the regular part of the bar

Web Buckling The buckling of the web of a
member

Web Crippling The failure of the web of a
member near a concentrated force

Wrought Iron  An iron with a very high car-
bon content. '




\
i APPENDIX (I) : Conversion of Units

I nversi Pound-Inch Uni SI Uni

Overall Geometry

*

Spans 1 fi = 03048 m
Displacements lin. = 254 mm
Surface arca 1 ft? = 0.0929 m°
Valume | 1% = 0.0283 m°

| yd' = 0.765 m’
Stractural Properties

Cross-sectional dimensions lin. = 254 mm

Area I in® = 6452 mm’

Section modulus Pin' = 16.39 % 10" mm’

Moment of inertia | Lin® = 04162 > 10° mm*
" Material Properties

Density I b/ = 16.03 kg/m*

Modulus and stress I 1b/in® = 0.006895 MPa

I kip/in® = 6.895 MPa




SI nversi Factors Pound-Inch Units to SI Units contd.

Loadings

Concentrated loads

Pensity
Lincar loads
Surface loads

I b = 4448 N

I kip = 4.448 kN

I Ib/ft! = 01571 kKN/m’
P kip/ft = 14.59 kKN/m
FIb/f° = 0.0479 kKN/m’
I kip/ft® = 47.9 kN/m’

Stress and Moments

Siress

Moment or torgue

I Ib/in” = 0.006895 MPa
I kip/in® = 6.895 MPa

P ib-ft =1.356 N-m

! kip-ft =1.356 kN-m




1 Metric Equivalents of Length* , Mass* & Area* J \
_Length { Metric to English ) _Mas_s ( hﬁetri_c to English ) . | Area{ Ml_e_t_ric to ErEi?s__h‘! g
lmm. = 003937 in 1 milligram =  0.01543 grain :Iﬂ»m - 1973.55 wr. ol |

o 0.003281 fr. = 0.0‘3215 OZ. TI'O?’ I = 0.001550 sq. .
= 0001094 yd = 0.0,3527 oz. avoir. = 0.0,10764 sq. f.
. | = 0.0'“96 sq. yd.
g, w0398 . lgram = 154324 grains | lsqm =  1549.9969 sq.in
= 003281 f = 003215 oz Troy = 107639  sq.fi.
= 001094 yd = 003527 oz. avoir. = 1.1960  sq. yd
Imewe = 3937  in | = 0.0,2679 Ib. Troy - 0.002471 5q. chain
3.2808 fi = 0022205 Ib. avoir. & 0‘0,2471 acre
= 1.0936 yd. _ = 0.0,3861 sq. mi.
= 01988 rd. 1 kilogram = 32.1508 oz Tro?' | thectare = 107.638.7 sq. fi. |
- 0.04971 chain = 35.2740 OZ. avolr. - 11’959‘35 5q. yd' |
= 00,6214 mi. B 269 A0y - 24710 sq.chain
B = 22046 Ib.avoir. - 24710  scres l
= 2 1 % |
I omeus = 3280833 e I‘:‘::w:‘ | . 0003861 sq.mi. |
» 1093611  yd it 1 sq. km. =10,763,867.36 st |
« 198838  rode _ | = 1,19598526  sq.yd
« 497095 chains 1 metricton = 2204.62 1b. avoir. \ i 2.471.050 sq. chains '
* 06214 mi | =  1,1023 shorttons 2471045  acres .
| = 09842 longton | N ' -
i _ = = 0.3861 54. )

* A subscript after a figure indicates the number of times it is repeated. Thus 0.0,8 = 0.0008




-

Metric Equivalents of Density* . Velocity* & Volume*

Density ( Metric to English ) Velocity ( Metric to English ) Volume ( Metric to English )

| cumm. = 00,6102 <. in.
1 gm/em? = 0.03613 Ib/in3 1 cm/sec = 0.3937 in./sec - 00,2705 fluid dr.
= :0,03281 ft/sec = 0.0,3381 fluid oz

= 62.430 Ib/ft? = 1.9685 ft/min lowcm, = 006102 cu. in.

s s ot = 0.2237 mi/hr = g«g‘?{z; o f::

= . . G B = £y <u, ya.

= CR8Fa- ek = 002838 bushel
1 kg/m? = 0.0,3613* Ibfin® 1 m/se¢ = 39.37 in.jsec = 0.2708 fluid dr.
0.062430 Ib/fE° = LRGSR o . g'g?)::;? . e

= Q. t " J quart

= 19685 ft,f.min . 00,2642 waton

= 1.6856 Ib/yds = 2,2369 mi/hr ffive = 6102398 eu.in.

= 1.9426 knots = 0035313 o fu
= 0.0,8345* [b/U.S. gal _— = 00013079 cu. yd. *

1 m/min = 10.6562 In./sec . 0.028377 bushe)

1 metric ton/m?3 = 0.05468 ft/sec = 1.0567  quari

= 3.2808 ft/min - 02642  gallon

= £2.4286 Ib/f2 = 0.03728 mi/hr 1 hectolitre = 6,102.398 ey, in.

= 0.03238 knot = 315311 cu. fl.

= 1685.487 Ib/yd? T = 0.13079  ew. yd,
1 km/hr = 0.9113 fifsec = 2.8371 Mhs‘ is

= (0.8458 short ton/yd® I cu. meire = 6!,02;3038 cu. bn.

4 = 54.6806 ft/min = 35.3133 e, fi,

= 0.7525 long ton/yd® o . - 1.3079 cu, yd.
e = 0.62138 mi/hr e BESTTS.  Satbolé

= 0.5396 knot = 1,056.682 quarts

= 264170

* A subscript after a figure indicates the number of times it is repeated. Thus 0.0,8 = 0.0008

i T
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