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Tangent and secant moduli of
elasticity. Strain

i oGl 0.45f) sg0> 0 B akais a5 S50 40 bl 0 0.45f7 sga> g 6,105 ,L 0 0 oy j0 s e
o s ojle (giludon gz WS o aogs ACT b u-*-’] ...x{ltsag;w..\_; g &S L e sl s
ool 00,5 &y Aol g (paess g dwlne g 1) dhailgy g 06l colaiwl S8l atc Yl Jgos

19.2.2 Modulus of elasticity

19.2.2.1 It shall be permitted to calculate R19.2.2.1 Equations in 19.2.2.1 provide an estimate of E,
for general design use. Studies leading to the expression for
E. of concrete are summarized in Pauw (1960), where E. is
(a) For values of w, between 1440 and 2560 kg/m®  defined as the slope of the line drawn from a stress of zero to
45 percent of the compressive strength using the stress-strain
E = 1.150.043 \/—, 19221 curve of the concrete. This definition is slightly different
= w0083 S5 (1922.1.2) - 4pan the definition in ASTM C469. ASTM C469 defines E,

using 40 percent of the compressive strength.

E. in accordance with (a) or (b):

(b) For normalweight concrete
E = 47001’ (19.2.2.1.b)
1] (o0 Sy 2 D0 4 i AlatYl Jgse polia fi = 25MPa Gl
E. = 4700,/f; MPa = 23500MPa ACI318-2019 &5 ala,

kg .
WC=2400$ e L

E. = W15 x 0.043,/f! 5056,/f MPa = ACI318-2019 .55 ala,
25279 MPa
Wc=2300% Sl
E. = W15 x 0.043,/f! 4743,/f] MPa = ACI318-2019 .55 ala,
23715 MPa

a5l oo o Amani¥] Jgde plp Vo JIA S0 oY gh ateaciV! Joow (B = 2 X 10°MPa) oV b anslis b
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{d) Distribution of o4 on vertical diameter.
P
{c) Stresses on element.
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Fig. 3-15 4000 73 ~ 550 psl 1
Axial stress—strain curves ~o3=0
from triaxial compression
tests on concrete cylinders; 0
unconfined compressive 0 0.01 002 003 004 005 006  0.07

strength f. = 3600 psi.
(From [3-3].)
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FIGURE 3.11 Concrete strength envelope under biaxial loading. {After Kupfer et al., 1969, courtesy of American Concrete
Institute.)

el ] CaSls ol jo 0 0 BIKE S 4 bgs e 5 sl IS
A iS lisl) poges b S g Cnl (el 1iS Con diged o Cons S 0 @

www.telegram.me/hoseinzadehasl www.instagram.com/masoud_hoseinzadeh asl sl silodls "ase ;3 L' agix ol llae Li] \Y

www.hoseinzadeh.net


file:///C:/University/tadris/concrete1/www.instagram.com/masoud_hoseinzadeh_asl
http://www.hoseinzadeh.net/

oo 52 9 o) ¥

o Oly L by 10 (6 y9mme ST i aes (oo LS ) (559700 ST (6,8 ,L b (S0 diged 50 5,5 g IS Hloged py SIS
RUI IRV PES S S| 3 sbly o ) cusls sy Job rals 1 liwly jo diged i iol38l L ol

Stress
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Fig. 3-1
Stress—strain curves for A
concrete loaded in uniaxial Tension 0 Compression
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20.6.1.3 Specified concrete cover requirements

20.6.1.3.1 Nonprestressed cast-in-place concrete members
shall have specified concrete cover for reinforcement at least
that given in Table 20.6.1.3.1.

Table 20.6.1.3.1—Specified concrete cover for
cast-in-place nonprestressed concrete members

Specified
Concrete exposure Member Reinforcement cover, mm
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\ permanently in All All 75
contact with ground
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gJ‘aJ = 2. 5 Exposed to weather 57 bars
o N or in contact with All No. 16 bar, MW200
clear cover ground or MD200 wire, and | 40
smaller
60 mm — No. 43 and No. 57 40
; U P Slabs, joists, bars
7 "’:Mﬂﬁ Not expcseq to and walls No. sifa]ﬁaer rand :
LS’]L 3 § l o weather or in
- contact with ground Beams, Primary reinforce-
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Table 21.2.2—Strength reduction factor ¢ for moment,
axial force, or combined moment and axial force

¢
Type of transverse reinforcement
Net tensile stain g, | Classification Spirals conforming to 25.7.3 Other
Compression-
g<gy controlled 0.75 (a) 0.65 (b)
&, <& <£,+0.003 | Transition 0.75+0.15 5 —5) () | 0.65+ 025 & &) (d)
i’ i’ (0.003) (0.003)

& > g, +0.003 Tension-controlled 0.90 (e) 0.90 )

UFor sections classified as transition, it shall be permitted to use ¢ corresponding to compression-controlled sections.
g0y=0.003 Compressionﬁ\

c
¢
A % dt
0.90
0.75
0.65 - _ °
Tension £t
Transition controlled °
Compression ¥ > Reinforcement closest
controlled =&y €= &4, + 0.003 to the tension face
Fig. R21.2.2b—Variation of ¢ with net tensile strain in  Fig. R21.2.2a—Strain distribution and net tensile strain in a
extreme tension reinforcement, & nonprestressed member.

CHAPTER 9—BEAMS
9.3—Design limits

9.3.3 Reinforcement strain limit in nonprestressed beams

9.3.3.1 Nonprestressed beams with P, < 0.10f.'4, shall be
tension controlled in accordance with Table 21.2.2.

JrsS g9 5l p5 Jgo illae b il o By < 0.1OfC'Ag LQ.'J a5 olayd 398 o Gillae a5 0Bl aiils ax g
2L (Tension controlled) s
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Fy fc beta rho-bal rho-max rho-min
400 20 0.8500 | 0.0217 | 0.0135 0.0035
400 25 0.8500 | 0.0271 | 0.0169 0.0035
400 28 0.8500 | 0.0303 | 0.0190 0.0035
400 30 0.8357 | 0.0320 | 0.0200 0.0035
400 35 0.8000 | 0.0357 | 0.0223 | 0.003698
400 40 0.7643 | 0.0390 | 0.0244 | 0.003953
400 45 0.7286 | 0.0418 | 0.0261 | 0.004193
400 50 0.6929 | 0.0442 | 0.0276 | 0.004419
400 55 0.6500 | 0.0456 | 0.0285 | 0.004635
400 60 0.6500 | 0.0497 | 0.0311 | 0.004841
400 65 0.6500 | 0.0539 | 0.0337 | 0.005039
400 70 0.6500 | 0.0580 | 0.0363 | 0.005229
300 20 0.8500 | 0.0289 | 0.0181 | 0.004667
300 25 0.8500 | 0.0361 | 0.0226 | 0.004667
300 28 0.8500 | 0.0405 | 0.0253 | 0.004667
300 30 0.8357 | 0.0426 | 0.0266 | 0.004667
300 35 0.8000 | 0.0476 | 0.0298 0.00493
300 40 0.7643 | 0.0520 | 0.0325 0.00527
300 45 0.7286 | 0.0557 | 0.0348 0.00559
300 50 0.6929 | 0.0589 | 0.0368 | 0.005893
300 55 0.6500 | 0.0608 | 0.0380 0.00618
300 60 0.6500 | 0.0663 | 0.0414 | 0.006455
300 65 0.6500 | 0.0718 | 0.0449 | 0.006719
300 70 0.6500 | 0.0774 | 0.0483 | 0.006972

F bl
400x400 mm slasl a3 odlr 515l yub (G o St 50 (LS yoile,] adaiio alaw ST Y'Y
SYgh 9 C25 03, 3| pRufeuwl U5 yj polio 1 SualuS dy &1 y0,50lao o 3
bl (B8 yia lao 340 iy 1, alafio yige ELi5 ) 9 03925400 o 5l Lad ;e
2850 (¥ 3050 (¥ 3400 (Y 3580 ()

(Wles,S jess Ll ) G b 435 50 uly

im0 398 Jola 4 4295 b
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e sleslaul fygus >

__ 0003 3.
X = 0003+0002% gt T e/

(Bx X b)(0.85f¢) = Asfy

_ (Bxxb)(0.85f) 0.85x127.5x400 x 0.85 X 25

= 2303 mm?
s 3 400 mm
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25.2—Minimum spacing of reinforcement
25.2.1 For parallel nonprestressed reinforcement in a hori-

zontal layer, clear spacing shall be at least the greatest of
1 in., dp, and (4/3)d ;.

25.2.2 For parallel nonprestressed reinforcement placed in
two or more horizontal layers, reinforcement in the upper
layers shall be placed directly above reinforcement in the
bottom layer with a clear spacing between layers of at least
1 in.

25.2.3 For longitudinal reinforcement in columns, pedes-
tals, struts, and boundary elements in walls, clear spacing
between bars shall be at least the greatest of 1.5 in., 1.5d},
and (4/3)d g,
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Arrangement of bars In two layers (AC| Section 7.6.2).
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FIGURE 6.26 Effect of compression reinforcement on the moment—curvature relation.
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Equivalent width for
uniform stress and
same compressive
force as actual stress
distribution

ol rals by i Jeod jo Jb eS8 lie ¢S
6.3.2 T-beam geometry

6.3.2.1 For nonprestressed T-beams supporting monolithic
or composite slabs, the effective flange width b shall include
the beam web width 5,, plus an effective overhanging flange
width in accordance with Table 6.3.2.1, where A is the slab
thickness and s,, is the clear distance to the adjacent web.

Table 6.3.2.1—Dimensional limits for effective
overhanging flange width for T-beams

Actual extreme fiber Effective overhanging flange width, beyond face
compressive stress f, | Flange location of web
for infinitely wide flange 8k
Each side of )
web Least of: 52
£/8
6h
One side of web Least of: 2
£/12

6.3.2.2 Isolated nonprestressed T-beams in which the
flange is used to provide additional compression area shall
have a flange thickness greater than or equal to 0.55,, and an
effective flange width less than or equal to 45,

bw+5nf2
b.<1b,, +5t,

% b, +L, /12

n

b, *S,
be=ib, +16t,

&m

|
i

\\\\\‘\\‘\\\\\\\\\\\\-’,——&\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\w
N\ i § . t>0.5b,,
X i
b, S =gl W OlrbsiTdet b \
n
\b'jT alold oy
29kme i Olr G
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1098 dwbre Ioaze b A Jlade 0,5 walgs Jas JSG T shis wet 5l 55,5 adsla Sl -y
_ As(F,) — A (0.85f))

a>t -  KsT - a

= (b,)(0.85f)
aAe.A? t
- @M, = ¢| A,(0.85f) (d — T) + A.,(0.85£) (d — 5)
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[
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0.85x [ 170
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Ag = 9385 mm?
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Example:

Calculate the design strength ¢M,, for one of the T beams in the positive moment region.
The beam has a clear span of 7 m (face to face}.

fi =28 MPa, fy =420 MPa.

5 T % * -I-
ey ‘e
A A
o 1t
[
— A‘?
]
8 % T -
1.8 m - 1.8m 1.8m |
¢ €
7 fmm | 1.8m !
A | ' A
E-I- = T =
§ oesa ) 4 2r25 | wbset 4 225 I - 4225
—t p—— 1.5 M —p L——-1.5 m I
300mm 300 min 300mm
Solution: . 1500 ,
From the Geometry of T-section:
by = 300mm, h=600mm, t=h; =75mm ; 5
A_(495 25) = 1963.5 mm? g ; :
b, is the smallest of: __E_ ____________________ OO | E
L 7000 0 ,l
(@) be<bh, + i 300 + 5 =2050 mm,
(B) b, < b, + 16k = 300 + 16 - 75 = 1500 mm, — control

{c) b, < Center to Center spacing between adjacent beams = 1800 mm.

Take b, = 1500 mm.

Ay, 19635 -420
¢ =085 b, 085 -28-1500

The beam section will be considered as rectangular with b = b, = 1500 mm.

=231mm <h =75mm

25
d:600—40—10—7:537.5mm

a 231 .
M, = Af, (d _E) = 1963.5 - 420 (537.5 _T) % 106 = 433.74 KN - m

Check for strain g5 = 0.005

—a—23'1—2718 = 0.85
c_ﬁ1_0.85_ 18 mm, B, =0.
d—c 537.5 — 27.18
& = 0.003 (—) =00 (W) =0.0565 > 0.005 OK

Take ¢¢ = 0.9 for flexure as tension-controlled section.
M, =¢pM, =09-433.74 = 39037 KN-m

www.hoseinzadeh.net
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Example:
Determine the positive moment capacity of the edge L-section beam. The beam has a clear
span of 6 m (face to face).

f! =20 MPa, fy =400 MPa.
o
S |

e
A
632 0
(OX®) (O @)
! 300 ! 2200 ! 300 !

Solution:

From the Geometry of T-section:

b,, = 300 mm, h =670 mm, t= hf =120 mm

A (6@ 32) = 4825.5 mm?

by, is the smallest of:

L 6000
(a) be < bw+E= 300+T=800mm,

(b) b, < b,, + 6h; =300 + 6120 = 1020 mm,

— control

1 2200
(¢) b, <bh, + 3 the clear distance to the next beam web = 300 + — = 1400 mm.

Take b, = 800 mm.
Checkifa > hf

Asf, 48255 -400

4= 085fb, 085 -20-800

= 14193 mm > hy = 120 mm

The beam section will be considered as L-section with

b, = 800 mm. | 800 - |
0.85 £ (b, — by)hy L S |
o = G ey E |
_ 0.85 -20(800 — 300)120 — 5550 2
- 400 - mm 2
Agy = Ag — Agp = 4825.5 — 2550 = 2275.5 mm? 6 32
[oN®)
_ Agf, _ 22755-400
@ =085 fb, 085 -20-300  L/847mm 300
Ag (62 32) are arranged in two layers
25
d=670—40—10—32—7= 575.5mm
hf a
M, = Agpf, (d—= +Aswfy(d—i) =
178.47

120
= [2550 - 400 (575.5 - T) +2275.5 - 400 (575.5 -

Check for strain &g > 0.005

_a 17847
=B, 085

=20996mm, p, =085

d —d+S+d”—5755+25+32—604

— 0.003 (dt - C) — 0.003 (604 - 209.96) _
=0 c ) 20996 /)

= 0.00563 > 0.005 0K

Take ¢p = 0.9 for flexure as tension-controlled section.

2

M, = M, = 0.9 -961.65 = 86549 KN -m

)] X 107 = 968.4 KN -m

o ol e Lel

VoY
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Example:
Compute the positive design moment capacity of the e 600 .
T-section beam. | |
f; =20MPa,  f, =420 MPa. t |
Solution:
From the Geometry of T-section: 2
O
b, = 200mm, h=650mm, t =h; =80mm
— 2 428
A,(43 28) = 2463 mm o Q| %0
Check if a > hy ! OJO Y
Asfy 2463 - 420 200
= = =101.42 ~ "
@=0851'b, 085 -20-600 mm
a=10142mm > hf =80 mm . The beam section will be considered as T-section.
085 f/(b, — b, )hs 0.85 -20(600 — 200)80
o = fe(be — by _ ( )80 _ 12952 mm?
fy 420
Agy = Ag — Agp = 2463 — 1295.2 = 1167.76 mm?
Aswfy 1167.76 - 420
= = = 144.25
%= 0851'b, 085 -20-200 mm
Ag (4 28) are arranged in two layers
30
d =650—40— 10—28—7= 557 mm
M, = d-") sy agf, (a-2) =
n— sffil _? + swfy( _E)_
80 144.25
= [1295.2 =420 (557 — ?) +1167.76 - 420 (557 i )] x 1076 = 519.05 KN -m
Check for strain £, = 0.005
_a_1m2s_ o 05 0003
C_ﬁ1_ 08s - .7 mm, p1=0. 0
d=d+o+® 55743028 _5he
(= dtg+g =557 455 = S86mm
— 0.003 d,—c — 0.003 586 —169.7\ iy
=t ( c )_' ( 169.7 )_
= 0.00736 > 0.005 0K
Take ¢p = 0.9 for flexure as tension-controlled section. 1

M, = ¢pM,, = 0.9-519.05 = 467.15KN-m
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Problems in Sl Units

For Problems 2.42 to 2.44, determine the cracking moments for  Problem 2.44
the sections shown if £/ = 28 MPa and the modulus of rupture
is f. = 0.7,/f/ with f/ in MPa.

-~ 600 mm ——|

Problem 2.42

.
100 mm
[ \
320 mm 500 mm
520 mm 2#19
600 mm ° - v
80 mm !
200 mm
3 #19 |<_>
e o o I
80 mm
! Y For Problems 2.45 to 2.47, compute the flexural stresses

|<—350 mm—>| in the concrete and steel for the beams shown using the
transformed-area method.

Problem 2.45 (Ans. f/ =7.785 MPa, f; = 109.31 MPa)
Problem 2.43 (Ans. 46.30 kN-m)

! \
(
530 mm — 130 KN
420 mm 600 mm M= om
500 mm n=9
2 #25
. o [ I— 4#29 ‘
1 80 mm e o o o =0 mm
~<— 300 mm — T
~—— 350 mm —|
Problem 2.46
\
20 kN/m (including beam weight)
420 mm

;IVE /Ig% 500 mm

| 8 m | 4436

! ! e o o o |——

80mm
n=9 ~— 300 mm —» !
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For Problems 2.48 to 2.55, compute M, values.

WS RN

Problem b (mm) d (mm) Bars f! (MPa) 5 (MPa) Ans.
No.
2.48 300 600 3 #36 35 350 —
2.49 320 600 3 #36 28 350 560.5 kN-m
2.50 350 530 3 #25 24 420 —
2.51 370 530 3 #25 24 420 313 kKN-m
Problem 2.52
]
f‘, =420 MPa
f =24 MPa
460 mm
600 mm
6 #25
A
e o o -
, 70 mm
* o o —
70 mm
l«—— 350 mm —»
Problem 2.53 Repeat Problem 2.48 if four #36 bars
are used. (Ans. 734 kN-m)
Problem 2.54
! 1.200 m ,!
loo mm f/=28 MPa
T ]ﬂ =350 MPa
330 mm 500 mm
2 #36 \
e o
70 mm :
| 250 mm
Problem 2.55 (Ans. 689.7 kN-m)
|« 800 mm -
80 mm £,=300 MPa
Y )
f=28 MPa
300 mm
560 mm
6 #36
L ] [ ] [} \
y 100 mm
e o o
v 30 mm

| 350 mm |
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Problem 4.35 (One ans. 450 mm x 8§90 mm
with 6 #32 bars)

For Problems 4.34 to 4.39, design rectangular sections for

. P; = 100 kN
the beams, loads, and o values shown. Beam weights are not
included in the loads given. Show sketches of cross sections
. . . . ¥y wp=25kN/m
including bar sizes, arrangements, and spacing. Assume con- % 1
crete weighs 23.5 kKN/m’. f, = 420 MPa and f/ = 28 MPa. ;E %
_1
«——6 m——>|——6 m—| P =75 Pb
- 12m
Problem 4.34 Problem 4.36
wp = 20kN/m wp = 26 kKN/m
wy, = 12kN/m % wy, = 20 kN/m
1 LA
P=7Py %
|
} 10m = l sm i
0.18f,
S
Problem 4.37 Place live loads to cause maximum positive and negative moments. p = 0.18f// fy- (One ans.
450 mm x 900 mm with 6 #32 bars positive reinf.)
wp = 30 kN/m, w; = 20 kN/m
¥ ]
}—— 3m l< 12 m rlﬁ 3 mAl
Problem 4.38
Pr =60 KN
wp=06kN/m //
wy =10 kN/m /
| AAA A A A AAISS ) %
R -
=1
P = 2 Py
Problem 4.39 Design the one-way slab shown in the
accompanying figure to support a live load of 12 kN/m?.
Do not use the ACI thickness limitation for deflections.
Assume concrete weighs 23.5 kN/m3. f/ = 28 MPa and
S, = 420 MPa. Use p = p,,,. (One ans. 240-mm slab
with #25 @ 140-mm main steel)
N sm ™
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a) Initiation of flexural cracks
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Growth of flexural cracks and formation of flexure shear
and web shear cracks.
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FIGURE 7.29 Damage at faithwe m senes of tests on beams without transverse remforcement. (Afrer Leonhardt, 1962.)
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22.5.5 V. for nonprestressed members

22.5.5.1 For nonprestressed members, V. shall be calcu-
lated in accordance with Table 22.5.5.1 and 22.5.5.1.1

through 22.5.5.1.3.
Table 22.5.5.1—V, for nonprestressed members —

Criteria V.

d h
N,
[0.17x\/7;+67“] b,d (@) o of |
Ay, > Ay in Either of: g
; 1 N bw
0.66A(p, )3/ f/ +—= |b,d (b)
[ \/_ 6Ag J b
z N
3 ry tu

Ay < Ay [0.66xsx(pw) J7+ ) ]bwd © | 4 "
Notes: e o L
1. Axial load, N,, is positive for compression and negative for tension.
2. V, shall not be taken less than zero. b

22.5.5.1.1 V, shall not be taken greater than 0.427»\/70’bw,d

22.5.5.1.2 In Table 22.5.5.1, the value of V,/6A4, shall not
be taken greater than 0.05f,".

22.5.5.1.3 The size effect modification factor, A,, shall be
determined by

A = / 2 o0 (225513
’ 14+0.004 d
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13.2.6.2 For one-way shallow foundations, two-way
1solated footings, or two-way combined footings and mat
foundations, it 1s permissible to neglect the size effect factor
specified in 22.5 for one-way shear strength and 22.6 for
two-way shear strength.
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0.05f/ )
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Applied shear
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Loy vl
d
V = — X A'Ufyf

fye = 340 MPa 5 Ligels poles (i 035 (2,8 S a5 JS0 50 ) eigels a4y bgayo (o Canglitn : Jlko

b 350 mm W] PR

#10@100 mm
230 s (2% ™27 340 = 2295 kv
=5 X Al =150 % 4 -

139 oo drmlne p D90 4 W6 o058 slaygile,l (i Cueglie
22.5.10.5.3 V, for shear reinforcement in 22.5.10.5.1 shall
be calculated by: ~

e 7|d
A f,d (22.5.10.5.3) I

430 mm

d

V =

5

S

139 (o0 drmlne 2 D90 4 bl o050 slaygile,l (o Ceeglie
22.5.10.5.4 V| for shear reinforcement in 22.5.10.5.2 shall

be calculated by: =y
N
. a 45° —-’*\\ 1 1d
A,f,(sina+cosa)d
V= (22.5.10.5.4)
S
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22.5.10.6.1 The center three-fourths of the inclined portion
of bent-up longitudinal bars shall be permitted to be used as
shear reinforcement in nonprestressed members if the angle
a between the bent-up bars and the longitudinal axis of the
member 1s at least 30 degrees.

22.5.10.6.2 If shear reinforcement consists of a single bar
or a single group of parallel bars having an area A,, all bent
the same distance from the support, V; shall be the lesser of

(a) and (b):
(a) Vi = Af,sina (22.5.10.6.2a)
(b) ¥, =0.25,/f/b,d (22.5.10.6.2b)

where a is the angle between bent-up reinforcement and
longitudinal axis of the member.

g dalys ose glaygileyl 5 i (ohp Caglie ggezme il alaie S by Cunglie
22.5—O0ne-way shear strength
22.5.1 General

22.5.1.1 Nominal one-way shear strength at a section, V,,
shall be calculated by:

Vo=V.+V, (22.5.1.1)
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400 mm

,m["—“"'l]_eo (9uts JA3 3o () Congliio Lyt 0 (5590 Jhded g o
mm
: 247 kN (A
§ TLOGLOO mm 291 kN (Y
T10200 mm
3863 kN (¥
1 ﬁOmm 385 kN (f

(o e, Ve = 01724/ f/ by d
1
s alal, V= Min| 06622 VI | g
0.421/f;
Bl et P, 55 (Job o, 8ee woyo Wl 38 alal jlesliial cyr o
g (oo okl o, abaly 5l alivss pl > o
PV = oV + @V

S92 Sy WL 5 Plas by eile,l 6Tl sl

@V, = 0.75 x (0.17 X /£ b,,d)
d
oV, = 0.75 (;A,,Fyt)

@V, = 0.75 x (0.17 X V25 x 400 x 440) = 112.2 kN

440

440
_ 2 - 2 =
oV, = 0.75 (zoo(nxs )><340)+0.75 (100(2n><5 )><340) 220 kN

oV, = oV, + oV, = 112.2 + 220 = 332 kN
Vol o7 4l -AY olbrw
asly b ble &yea @L0@25 cm aiws slo Sgels 5l piailo B0 Fge Gos g yewilo YO o,e b Lt 15 S5 0
iz 55 ol adate oled (LB Caeglie ol oud oolatul @58 &gy @L2@25 cM ai sl Dgels 5l 50 g 4z 0 P

PV = @V + @V;
@V, = 0.75 x (0.17 x \/f!bd)
oV, =0.75 (%Avat> (sin60 + cos 60) + 0.75 (%Avat)
@V, = 0.75 x (0.17 X V30 X 350 x 500) = 122.2 kN

=075 (222 (27 x 52) x 300 ‘/§+1 4075 (299 o x 62) x 300) = 198 kN
brs =5 (250(” ) )2 2] (250(” ) )_

oV, = V. + @V, = 122.2 + 198 = 320.2 kN = 32 ton
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[ N A A | 2520
// 530 10@200
70
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I 1000 —-—, 2%2s5 ] 7000 I )
2925

1R (s Seeglie
@V, = 0.75 x (0.17 X /£ bd)
d 0.75 (4,F,) sin45
oV, =0.75 (;Avat) + Min

0.75 x (0.25 x /f/b,,d)
@V, = 0.75 x (0.17 X V25 x 300 x 530) = 101.4 kN

0.75 ((2 x 3.14 x 12.5%) x 400) sin 45

530
v, = 0.75 (— 2 x 3.14 x 52) X 400) + Min{
s 200" ) 0.75 x (0.25 x V25 x 300 x 530)

{ oV, = 101.4 kN
_  (208.1kN _
@V, = 124.8 kN + Min | 4o ny = 2738 kN

oV, = V. + oV + oV, = 101.4 + 273.8 = 375.2 kN

AY Sl
wS3lan 393to,T golaad 31 oyt Jao (sl o gl )3 Cuml By do) o3 i S I el T
Lt il adaie 39 £165 31080 g o0liust il o p ol 4 51 a6 aleold y0 (Sia &
Ly 3t 80 g s WUy &y 2d o (510597051 495 1 s5nnlin 400 U plyr plade (o )6+ y2ealun 600
il ot dndin Cooglie 3A0MP, byl Wl 4 0 o3 (5o 59ila )] duadhilio Cuaglile sdorys 45
oz Ay Ceasly S i yf 44V g 3V wanl 12 M il Yl &y 0ad o s0ibesl B g 25MP, 4

1‘5..\.'1313
138 KN, 144 KN ¢r 23KN , 144 KN (1
216 KN ,0.6 KN (f 23 KN 54 KN (r

ACI-318-19 Ll 5,
@V, = 0.75 x (0.17 x \/f!bd)
_ { 0.75 (A,F,) sin45
oV, = Min
0.75 x (0.25 % /f/b,,d)

@V, = 0.75 x (0.17 X V25 x 400 x 600) = 153 kN
0.75 ((3.14 X 62) x 340) sin 45 = 20.4 kN

V, = Min = 20.4 kN
vt 0.75 % (0.25 X V25 x 400 x 600) = 225 kN
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7.4.3 Factored shear

TS

7.4.3.1 For slabs built integrally with supports, ¥, at the
support shall be permitted to be calculated at the face of

support.

7.4.3.2 Sections between the face of support and a crit-
ical section located d from the face of support for nonpre-
stressed slabs or 4/2 from the face of support for prestressed
slabs shall be permitted to be designed for V, at that critical
section if (a) through (c) are satisfied:

(a) Support reaction, in direction of applied shear, intro-
duces compression into the end region of the slab
(b) Loads are applied at or near the top surface of the slab
(¢) No concentrated load occurs between the face of
support and critical section

iy JrS Sl aatie V-

[KXX] IEREENER. 144
™
2 %\
“‘% Z
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Critical
section
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9.7.6.2 Shear

9.7.6.2.1 If required, shear reinforcement shall be provided
using stirrups, hoops, or longitudinal bent bars.

9.7.6.2.2 Maximum spacing of legs of shear reinforce-
ment along the length of the member and across the width

of the member shall be in accordance with Table 9.7.6.2.2.

Table 9.7.6.2.2—Maximum spacing of legs of shear

reinforcement
Maximum §, in.
Nonprestressed beam Prestressed beam
Required Along Across Along Across
Vs length width length width
dr d 3h/4 3h/2
<0.33/1%,d Lesse;
é{s d/2, 600 mm of. 600
[ ld 033 \/T'b 4 Lesser d/a dr 3h/8 3h/4
) ] ’ oW of: 300

2

< d/4, 300 mm

o

www.telegram.me/hoseinzadehasl
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9.7.6.2.3 Inclined stirrups and longitudinal bars bent to
act as shear reinforcement shall be spaced so that every
45-degree line, extending d/2 toward the reaction from mid-
depth of member to longitudinal tension reinforcement, shall
be crossed by at least one line of shear reinforcement.
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CHAPTER 9—BEAMS
9.6—Reinforcement limits

9.6.3 Minimum shear reinforcement

9.6.3.1 For nonprestressed beams, minimum area of shear
reinforcement, A, ,,;», shall be provided in all regions where

Vu>0.083 (I)X\/Tc'bwd except for the cases in Table 9.6.3.1.
For these cases, at least A4,, i, shall be provided where V, > ¢ V..

Table 9.6.3.1—Cases where A, i, is not required if

V, = oV,
Beam type Conditions
Shallow depth h <250 mm
h < greater of 2.5¢s0r 0.5b,,
Integral with slab and
7 <600 mm
Constructed with steel fiber-reinforced h <600 mm
normalweight concrete conforming to and
26.4.1.5.1(a), 26.4.2.2(i), and 26.12.7.1(a) ;< 5
and with /' < 40 MPa V<0017 fb,d
One-way joist system In accordance with 9.8

folas )18 gl 5 Jobo jo gt B ol b jods Lop 9w ) Slasin b (b0 5 SO 0l
b=400 mm, h=500 mm, d=430 mm, C25, S400

V, < 0.083 x 0.75 X V25 x 400 x 430 = 53.5 kN = 5 ton

).».Ju»‘)é KV NP QLWAS..\QM ulMJJMJJ‘)J ‘) W) ML?LA st).))ytn)] L‘b).u g5>)" 59 ETABS )‘).9‘ ey @
)5 Sgel 4y 5l gl sl T Bl 4y g 009y 52l (LS 950

sl @N Jsb ) 5l 4l Jsb 53 55 sl 50 53 o3p 5 Lasie s B slod 5 45 353 4z @
SO ol I3 il dx g all b Dgels sl ax pl Lo (g pdy SO Bl ay) 04 solal s S
Dyl axlge S b auls Jsb sla,gile,l (gl 2 coupas J18 Gigals 15 10 a5 S g0 40 el ol dts j0lS8
(ails 5ls Gy Olawlore blad a4 31 22) aisSiw oolatnl Ogels 5l e yd goled ;o uwdige ol il
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ol 00 &l aels ol a5 g JBlas 5 ygile,] g an yo
9.6.3.4 If shear reinforcement is required and torsional

effects can be neglected according to 9.5.4.1, A, shall be
in accordance with Table 9.6.3.4.

Table 9.6.3.4—Required A, nin

Beam type Ay minlS
> b
0.062 f) = (a)
Nonprestressed S
and prestressed with Greater of:
Apsfre < 0.4 Apsfrn + As
psfs (Apsfp ) 0.35 b, ®)
vt
4 bw
0.062/1/ 2| (¢)
S
Greater of:
. b
Prestressed with A, fi > 0352
L f: : (d
0.4(pefo + Af) essero Sy
80 fy,d \} ©

gl Sy | asl o3Y JBla igals aSiyl (28 L1, p3¥ Sgals Sld Jiloo o5 Slaseiio b (2 8 Sy 0ol

Sy 2,8 8300 Loy by sbos Ko 05, .0l =200 MM Ll oo 5l ldgels Jolgd 0uS (5,8
b=400 mm, h=500 mm, d=430 mm, C25, s=200 mm

400
0.062 fc - 4 0.062V25— = 0.413
Ey. v 300
Y = Max - = Max - Ay
0.35 by 200 0.35 400 _ 0.4666
L Ty TT300 0

= 93.33 mm?
- 2mr?=9333 - r=3855mm - d,=771mm - @8@200
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22.5—0One-way shear strength
22.5.1 General

22.5.1.1 Nominal one-way shear strength at a section, V,,,
shall be calculated by:

V,=V,+V, (22.5.1.1)

22.5.1.2 Cross-sectional dimensions shall be selected to
satisfy Eq. (22.5.1.2).

V<oV +0.66 [ b,d) (22.5.1.2)

22.5.1.3 For nonprestressed members, V, shall be calcu-
lated in accordance with 22.5.5.

DS et |y 5 polie b=400 mm, h=500 mm, d=430 mm, C25, s=200 mm &laswie b oo 5 SO o lie
PVe o (b Ceaglia =)
355 35 s 4 lyies a5 VU (G 59565 1T -7
PVs o222 sloysile] (i Cuaglin Sl =T

V. = ¢0.17./f!b,,d = 0.75 x 0.17V25 x 400 x 450 = 114.75 kN
OVi_max = ¢(V; + 0.66,/f/b,,d) = 0.75 x 0.83V25 x 400 x 450 = 560.25 kN

oV, = oV, + @V - 560.25 = 114.75+ ¢V; — @V, =0 =4455kN

Lol a3l 58 ghaiie ol Wil 50 (ol uf 50 09, 31,8 560.25 KN 5l auls (398 i 2 0)ly (oS 55 @
Sibee SRl 5 58 sl (o Casglie SiSTas 55 g 5 (5 (o Saeglie (A gD) 15 whaie ol o33l
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et il ablgs 51,5 15 KN/m 0wl udlgay 60 s )l 9 (' (339 Jold) 20 KN/m
3 Sogud 00l0 51,8 by H9ite T Ml y5 Jab 3 o ys aiz 53 JBlas (5,15 sobar S
5 o e 33,8 AT Gonly &1 435 (K03 9 294d Jlitd o 4135 pilS adlge
(D9 ax8,F I 50 8340 £95 31 5 Khao 9 C25 09,
TEREEETERERL, 2,2 100 O
é;\ ‘ oo, 70 (Y
S
N oy 50 (Y
9m : )
g

7 o 0 30 (¥

Y oans

kN
qy, = 1.2qp + 1.6q;, = 48?

(V, = 216 — 48x) < (0.083¢,/f/b,,d = 0.083 X 0.75 X V25 x 400 X 525 = 66.9 kN)
- x =3.106m
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TS

Example:

The simply supported beam shown below is loaded by a service dead load of 40 KN /m, and
a uniformly distributed service live load of 25 KN /m. Design vertical stirrups for this beam.
The concrete strength is 25 MPa, and the yield strength of the stirrups is 412 MPa.

)
7 7 |anaadd| sl
/ 55m /
L‘ > L L 100 cm |
1 1
Solution:
Wyp =12-40=48 KN/m, wy, = 16-25=40 KN/m
wl (48+40)-55
V, at face of support = S =5 = 242 KN,
i wyl 40-55
V, at midspan = 8 = 3 =275KN,

wy, =40 KN/m

EREEERRERER
Wy =48 KN/m
IENEEEREREEREERNREERNEE

A -

55m

242 KN Critical section at d from the face of
support

275KN

-—.Id=260mm

275 m

. R

242 KN

Critical section at d = 260 mm from the face of
support.
V,atd = 260 mm.

242275  y
275  275-0.26
V, =y +275=19422 4+ 275 = 221.72 KN 2.75m

—y =194.22KN

1 1
74 EAJEbwd =21 V25 - 1000 - 260 - 10~3 = 216.67 KN.

Check for section dimensions:

By 272 i667=T9KN
¢ ° 075 e )

o

2 2
Vimax = EJEbwd = §\/25- 1000 - 260 - 103 = 866.67 KN
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V: = 79KN < Vymax — 866.67 KN — the section is large enough.

Check for Vs pmin:
Ay min = i j 4 M but not less than
: 16 Iyt
1b,s 1 5 1
pmin = EE, — control (R = Te < §)

1 1
Vemin = R‘/ﬁbwd = Edzs- 1000-260- 1073 = 81.25 KN

1 1
Vimin = 3 bwd = 1000260102 =86.67KN  — control

S,

¢Vc < ZL < ¢(Vt: + Vs,mi’n)
0.75(216.67) = 162.5KN < V, = 221.72KN < 0.75(216.67 + 86.67) = 22751 KN

Or V; = 79KN < Vyppin = 86.67 KN — Case lll

A‘v min 1 bw Av min 1 bw
— == but not lessthan ——= ——
< T I fyt ut not less S 3 fyt'
Apmin 1 1000
T = —\25——=0.7585
s 16 412
Apmin 11000
S = § X E = 0.80906 — control
Use stirrups 2U-shape (4-leg stirrups) @ 8 mm with A, = 4-50.27 = 201.1 mm?
2011
< = =0.80906 = s=2486mm
d 260
Smax < 600 mm, SMSEZTZBOmm—C(mtrol

Take 2U-shape (4-leg stirrups) & 8@125 mm < s,,,, = 130 mm

™~ / A
2 8@125 mm g
o)
o~
y_
~
2 8@125 mm
100 cm
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9.9—Deep beams
9.9.1 General

9.9.1.1 Dcep beams arc members that arc loaded on onc
face and supported on the opposite face such that strut-like
compression clements can develop beiween the loads and
supports and that satisfy (a) or (b):

(a) Clear span does not cxceed four times the overall
member depth A

(b} Concentrated loads exist within a distance 2A from the
face of the support

9.9.1.2 Deep beams shall be designed taking into account
nonlinear distribution of longitudinal strain over the depth
of the beam.

Avh“ ) Av L )
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(a) Reversing beam (b) Non-reversing beam
plastic hinges plastic hinges
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Fig. R18.4.2—Design shears for intermediate moment

frames.
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Notes on Fig. R18.6.5:

1. Direction of shear force V, depends on relative magnitudes
of gravity loads and shear generated by end moments.

Column shear _
/ 2. End moments Mp, based on steel tensile stress of 1.25f,,
where fy is specified yield strength. (Both end moments
should be considered in both directions, clockwise and
counter-clockwise).

L‘_Y-‘ 3. End moment Mp, for columns need not be greater than
T =M moments generated by the M, of the beams framing into
' ly the beam-column joints. Vg should not be less than that

required by analysis of the structure.

Fig. R18.6.5  Design shears for beams and columns.
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18.4—Intermediate moment frames

18.4.2.4 At both ends of the beam, hoops shall be provided
over a length of at least 22 measured from the face of the
supporting member toward midspan. The first hoop shall be
located not more than 50 mm from the face of the supporting
member. Spacing of hoops shall not exceed the smallest of

(a) through (d):

(a) d/4

(b) Eight times the diameter of the smallest longitudinal

bar enclosed

(c) 24 times the diameter of the hoop bar

(d) 300 mm

(0329 44

s< )
6dp (s o5k, )
150mm

/I/

[
(552 | g (st sl )
§<

24dy (<505 5 ) -
300 mm g8l
(0329 § fawgis)

o

/

1

2h

s<d/4
s<di2

18.6—Beams of special moment frames

18.6.4.4 The first hoop shall be located not more than 50 mm
from the face of a supporting column. Spacing of the hoops
shall not exceed the least of (a) through (c):

(a) d/4

(b) Six times the diameter of the smallest primary flexural
reinforcing bars excluding longitudinal skin reinforce-

ment required by 9.7.2.3
(c) 150 mm
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18.6.4 Transverse reinforcement

18.6.4.1 Hoops shall be provided in the following regions[>

of a beam:

(a) Over a length equal to twice the beam depth measured
from the face of the supporting celumn toward midspan,
at both ends of the beam

(b) Over lengths equal to twice the beam depth on both
sides of a section where flexural yielding is likely to occur
as a result of lateral displacements beyond the elastic
range of behavior.

df4
T
- - B
!
— h,, 2h, —=
N Sl 4l ;

s Sy Job slas Shea (lr oo 3,90 9 ACH Ll

18.6.4.2 Where hoops are required, primary longitudinal
reinforcing bars closest to the tension and compression faces
shall have lateral support in accordance with 25.7.2.3 and
25.7.2.4. The spacing of transversely supported fle
reinforcing bars shall not exceed 350 mm. Skin reinfo
ment required by 9.7.2.3 need not be laterally supported.

v

25.7.2.3 Rectilinear ties shall be arranged to satisfy (a) and ]
()

(a) Every comer and alternate longitudinal bar shall have
lateral support provided by the corner of a tie with an
included angle of not more than 135 degrees

(b) No unsupported bar shall be farther than 150 mm clear
on each side along the tie from a laterally supported bar

Ol 0 (K b 5 sk sles Ko (Glz (>19) 55 slel 90 50 lawgio sla s S5 ohg slayd o @
ails (gl (Job 0 KLs O L 5 ,lez ST Jlio sl (lgin Job 3 Koo aiile) Wigd oo (o258 )93lo,l dangs
Og M‘? r:)y ).u gLo‘ dl.?v...m uj.: ‘gs’?“")“" A ug.nl?- NSJ > 09)'{9 ‘f”""“"b

s oo lis 1) g Sl 4wl o by Jsb sloysile)] ile L 5l sl iged n S

Where slab is on both Where slab is Where there is no slab, or slab
sicles of crosstie, on one side only, does not confine crosstie, use crosstie
alternate 90° and place 90° hook so with 135° hooks (shown), use double

(a) (b}
Notes:

135° bends it is confined by slab crosstie, or use hoop without crosstie
$< 14" (350 mm} \ _l

{) (d)

1. Beam longitudinal bars are to be supported by hoops and crossties to resist buckling under deformation reversals.
Hoop legs and crossties are arranged such that every corner and alternate longitudinal bar has lateral support
provided by the corner of a hoop or crasstie with no bar farther than 6in (150 mm} clear from a supported bar.

2. Horizontal spacing of crossties or legs of overlapping hoops not to exceed 14 in (350 mm).

3. Alternate crossties (< 1) end for end unless otherwise noted.

(Moehle ¢z LS 5l ass 5 5 JS2)
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Design Forces

Factored Factored Factored Factored Capacity = Gravity

Vuz Mus Vur Mux Vp Vg
kN kN-m kN kN-m kN kN
153.783 -296.158 236.079 -526.498 112.219 69.051

Capacity Moment

Long.Rebar Long.Rebar Capacity Moment Capacity Moment

As (Bottom) As (TOp) Mpos Mneg

mm? mm? kN-m kN-m
Left 1520 1900 248.191 304.199
Right 1520 2280 248.191 357.79

Design Basis
Design Conc.Area Area Tensn.Reinf Strength Strength LtWt.Reduc

Vuz Ac Ag Ast fys fes Factor
kN cm? cm? mm? MPa MPa Unitless
181.27 1980 2250 2280 300 25 1

Shear Rebar Design

Stress Conc.Capacity Uppr.Limit Conc.Capacity Uppr.Limit RebarArea  Shear Shear Shear

\ Ve Vmax PVc (PVmax Av/s oV ®Vs @Vh
MPa MPa MPa MPa MPa mm?/m kN kN kN
0.92 0.83 4.15 0.62 3.11 585.49 123.306 57.963 181.27
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Radial crack
Force on concrete
Internal crack

Force components
on bar

(a) Longitudinal section (b) Cross section
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Development
Length, L4

Load = Resistance
Concrete fA, = u(ndyly)
Block fy(ndy?) = u(mdyLy)
2

Average

Bond Stress, u Bar Force, T = f,A,

Figure 2-1: Simple concept of bond stresses
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CHAPTER 25—REINFORCEMENT DETAILS

25.4—Development of reinforcement 25.4.2.5 For the calculation of £, modification
25.4.2 Development of deformed bars and deformed factors shall be in accordance with Table 25.4.2.5.
wires in tension Table 25.4.2.5—Modification factors for

25.4.2.1 Development length ¢, for deformed bars and development of deformed bars and
deformed wires in tension shall be the greater of (a) and (b): deformed wires in tension

(a) Length calculated in accordance with 25.4.2.3 or Modifeari Value of
. . . . odamcation alue o
25.4.2.4 using the applicable modification factors of factor Condition factor
25.4.2.5
Lightweight concrete 0.75
(b) 300 mm Lightweight .
. Normalweight concrete 1.0
25.4.2.4 For deformed bars or deformed wires, £, shall be
calculated by: Rein t Grade 40 or Grade 60 1.0
erroreemen Grade 80 115
grade y,
Grade 100 1.3
fov LAY Epoxy-coated or zinc and
o=\ L L BT 1y (25.4.2.49) D e oot s foncer
1-17\’\/7, c +K epoxy dualcoated reinforceme 15
[ with clear cover less than 3d),
db or clear spacing less than6d,,
Epoxyy, | Epoxy-coated or zinc and epoxy
in which the confinement term (¢, + K, )/d, shall not exceed dual-coated reinforcement 1.2
2.5, and for all other conditions
404 Uncoaj[ed or z.in?-coated 10
K, = L (25.4.2.4b) (galvanized) reinforcement
r Sn
No. 22 and larger bars 1.0
i . i Size g No.19 and smaller bars 0.8
where n is the number of bars or wires being develope.d or and deformed wires :
lap spliced along the plane of splitting. It shall be permitted
to use K, = 0 as a design simplification even if transverse Casting More than 300 mm of 1.3
. . . c fresh concrete placed below
reinforcement is present or required. position!'l y, horizontal reinforcement
Other 1.0
(UThe product yay, need not exceed 1.7.
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Aholh s 9 0% 419y R IS5 1 3,800 350 Aliolh jlae 33 395K s il €) Sand

y (adly go 3,8l 3500 6 55
I
: 3.30 (v
600 mm |' 2.50 (v
220 (v
. ' 2.00 (¢
300 mm

Cover to rebar center =50+ 12 + 12.5 = 74.5mm
il Sl pl oo ) o225 lad Shes 3550 b3S 50 alold

300 —74.5x%x2 ] 75.5
Spar to bar = > = 75.5 - ¢ = Min (74.5,7) = 37.75 mm

_40(2m X 62)

= 150 x 3 = 20.1mm

ke +c  20.1+37.75
= =23

d, 25
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( F,YY.Y, €25 5400 400x13x1x1
(p<20mm 4 ld= b d= db=50db
' 2.1V 25
211 |f
. . = . C
e S 20 WPy s sao 0 400x13x1x1o
Q= mm - = = =
d b d 172 b b
\ 1.74 |f
( F,Y¥Y.Y, €25 5400 400x1x1x1
(p<20mm - ld= b ld= db=38db
' 2.1V 25
212 [f.
5 S 0 Skt 9 20 l F,YY.Y, 4 €25  $400 400 x1x1x1 4 474
Q= mm - = = =
d [ b d L7v2E b b
\ | fe
25.4.2.3 For deformed bars or deformed wires, £, shall be
calculated in accordance with Table 25.4.2.3.
Table 25.4.2.3—Development length for deformed
bars and deformed wires in tension
No. 19 and smaller
bars and deformed | No. 22and
Spacing and cover wires larger bars
Clear spacing of bars or wires
being developed or lap spliced
not less than dj, clear cover
at least dj, and stirrups or ties
throughout ¢, n'ot. less than the LW, f, \lff\Ife\Ifg
Code minimum
or 2. 1xJ— 1 7x\/_
Clear spacing of bars or wires
being developed or lap spliced
at least 2d, and clear cover at
least d,
Other cases AR LYYV,
1 4x\f L. 1x\/_
v I
=d,
e d ’
Edb /EZdb
_'I "_L" stirrups or ties throughout £4not less
@ % than the Gode minimum
Zdb
m I
=d, Minimum cover
Zdb
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—_—t
z o 68.75\
44 40+10+12.5=62.5 ¢ = Min (62.5,7) = 34.375mm (C n ktr) gt < g
(400-2x62.5)/4=68.75, _ 404, _40x2(mx5) [\ dy /7 '
T sn T 100x3
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Ktr = = 0 (ol Ggels lgs J&1s j0)
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25.4.9 Development of deformed bars and deformed wires
in compression

25.4.9.1 Development length £, for deformed bars and
deformed wires in compression shall be the greater of (a)
and (b)

(a) Length calculated in accordance with 25.4.9.2
(b) 200 mm

25.4.9.2 ¢, shall be the greater of (a) and (b), using the
modification factors of 25.4.9.3:

0241y
yrr db
“ [—wz' J
(b) 0.043f,y,d,

25.4.9.3 For the calculation of £,., modification factors
shall be in accordance with Table 25.4.9.3, except y, shall
be permitted to be taken as 1.0.

Table 25.4.9.3—Modification factors for deformed
bars and wires in compression

Maedification Value of
factor Condition factor
Lightweight concrete 0.75
Lightweight Lightweight concrete, if £, is In accordance
A specified with 19.24.3
Normalweight concrete 1.0

Reinforcement enclosed within (1),
(2), 3), or (4):
(1) a spiral
(2) a circular continuously wound tie

Confining with d > 6 mm and pitch 100 mm 075
reinforcement | (3) No. 13 bar or MD130 wire ties in ’
v, accordance with 25.7.2 spaced < 100
mm on center
(4) hoops in accordance with 25.7.4
spaced < 100 mm on center
Other 1.0
www.telegram.me/hoseinzadehasl ~ www.instagram.com/masoud_hoseinzadeh_asl ol gilodls "ae 53 LY agim cpl e Lacl YAA

www.hoseinzadeh.net


file:///C:/University/tadris/concrete1/www.instagram.com/masoud_hoseinzadeh_asl
http://www.hoseinzadeh.net/

b g5lo,T jle) ¥ -

DS s 1) g 2l o 6,lid sles Sl (6l p3Y sl Job o lid cou Slow o e 53 JSK& 4o

ld
-~ 3025 2925

Syl Wl =1 (oo el Gloado Vo » ngLwob,';JJ,ob.é L) 15,90 lgo J3ls jo asl as asg5 L

24F,
ly. = Max <200 mm, ¥y 0.24h ——2d,,043¥,F. db)

A /
=M (200 —1 —0'2 X Ood 0.043 x 1 00xd )— 19.2d;, = 480
= Max mm,— X ,0.043 x 1 X400 x = 19. =480 mm
1 V25 b b b

Lo, Kb jloe Jobo b DB g0 0 Khis jloe Jobo ' Lid con slao KL o 1S o o KL G5y a>g5 @
3,005 51 6,led e Job 50 (6,50 8,5 slol ;o M gy pae b o9y im0, Sglas B

VWAY & s
S phas Sigd o 0310 puaii FOYY(1 Y fem ) & $DVA( e/ \SEmT) 1 2087 o3, 8hie rygus & pai oo Jlait Sy js  -FY
W el o (s 94 0 Kdun Jab 990 50 13 SOMear
: : bl aalyg o Kl Jobb 50 (53l oo Sl slows g Jlad i ()
' - Sibsr GhalS 3 Khee b (G985 3 8ee SluaS (22l 4 azg7 L (V
D)8 392y s Sas Jobo tul8l Jusol ilos Koo Jlab (2153 o a2y L (¥

If, il or ealS 3 R Jalo 0ad azaldS IS 5 Sls adafie mlaw Julisl & az g | (F
Y oans
il sm I3 T 5 231 s Shes g Jsh
www.telegram.me/hoseinzadehasl ~ www.instagram.com/masoud_hoseinzadeh_asl ol gilodls "ae 53 LY agim cpl e Lacl YAQ

www.hoseinzadeh.net


file:///C:/University/tadris/concrete1/www.instagram.com/masoud_hoseinzadeh_asl
http://www.hoseinzadeh.net/

W ygilo,l Hlee) ¥ -

co & o8 &3

CHAPTER 25—REINFORCEMENT DETAILS
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25.6—Bundled reinforcement

25.6.1.5 Development length for individual bars within a
bundle, in tension or compression, shall be that of the indi-
vidual bar, increased 20 percent for a three-bar bundle, and
33 percent for a four-bar bundle.

25.6.1.6 A unit of bundled bars shall be treated as a single
bar with an area equivalent to that of the bundle and a
centroid coinciding with that of the bundle. The diameter
of the equivalent bar shall be used for dj in (a) through (¢):

(a) Spacing limitations based on dj

(b) Cover requirements based on dj,

(c) Spacing and cover values in 25.4.2.2
(d) Confinement term in 25.4.2.3

(e) y. factor in 25.4.2.4

Sl Y lee Job i pS 18 U Gillae oU Y 5 QY 0 K 09,5 &j50 4 SBs8 slas Sl a5 )50 0l
Sads kit 25MM Llu las Sheo Hhad 0iS dcwlxe 380 alal) 5l oolatwl b lass S5 jo JSBgs slas Khs 09,5
400 mm 400 mm

® X ¥ © 0 O 35.35 mm = LY 5 Sl Joleo ,had
¢ 43.3mm = LY o Xl Joleo ,had

Glged J510 59) (b 4w (slo0,Shes o Jsbo armslons

_ 43.3 400 — 2 X 71.65 64.175
¢ = Min (50 +——=7165 , = 64.175) = 64.175 mm{ _, ( : ) _ 148
2 4 43.3 '
Ktr =0
<25
F ¥ W ¥, ¥, 400 x 1.3 x 1

X (1.2 % 25) =76.65xd =1916 mm

d= X (12d) =
RN (”c’l‘”) 1.1 X 1 x v/25(1.48)
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S

Lead-in length

Tail

(a) Forces acting on bar.

25.3—Standard hooks, seismic hooks, crossties,
and minimum inside bend diameters

25.3.1 Standard hooks for the development of deformed
bars in tension shall conform to Table 25.3.1.

Table 25.3.1—Standard hook geometry for development of deformed bars in
tension

Type of Straight
standard Minimum inside extension!!]
hook Bar size bend diameter, mm £ oy MM Type of standard hook
No. 10 through Peint at which
No. 25 6d, / bardis developed
No. 29 through 8d, ‘ ! 57 .\gg;ﬁgree
90-degree No. 36 | b
12d, | L
hook | Diameter—" =~
No. 43 and | Loxt
No. 57 104, |
| Ly
[ |
No. 10 through 6d Point at which
bar is developed
NO. 25 b / ar 15 aevelope
No. 29 through od _ g ""1 ~
180-degree No. 36 b Greater of | }/” Lo 180-degres
hook 4dp and 65 mm | Diameter —< bend
|
No. 43 and
104, ! Lext
No. 57 b | ‘ L"‘»
L dh

A standard hook for deformed bars in tension includes the specific inside bend diameter and straight extension length. It shall
be permitted to use a longer straight extension at the end of a hook. A longer extension shall not be considered to increase the
anchorage capacity of the hook.
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25.3.2 Minimum inside bend diameters for bars used as

transverse reinforcement and standard hooks for bars used

to anchor stirrups, ties, hoops, and spirals shall conform

to Table 25.3.2. Standard hooks shall enclose longitudinal

reinforcement.

Table 25.3.2—Minimum inside bend diameters and standard hook geometry
for stirrups, ties, and hoops

Type of stan- Minimum inside | Straight extension!!!
dard hook Bar size | bend diameter, mm {exsy mm Type of standard hook
No. 10
through 4d, Greater of 6d, and db—# —_ 90-degree
75 mm c bend
90-degree No. 16 * ;
hook No. 19 Y
through 6d, 124, Diameter =" || | faxt
No. 25
No. 10 dy W
thI'Ollgh 4db |—*_/,
135-degree No. 16 Greater of 6d; and !
hook No. 19 75 mm Diameter
through 6d,
No. 25
No. 10 4
through 4d, q i O\
Greater of
180-degree No. 16 Ad, and ) t )ggﬂ;ﬂegree
hook No. 19 65bmm Diameter ]
through 6d, Loxt
No. 25 -

A standard hook for stirrups, ties, and hoops includes the specific inside bend diameter and straight extension length. It shall
be permitted to use a longer straight extension at the end of a hook. A longer extension shall not be considered to increase the
anchorage capacity of the hook.
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7 4320 lan
— a0 db ! r
T 3d, i~ 1
I . t6dy gl [ O =
TG
B iy il 4520 \/\
7] 49 28 ) Lan ’
Y a db ! r
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r » Vdy 15q, @y=28mm =
— \
B iy i 4328 /\/\
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Ties or stirrups

side cover normal
to plane of hook

Al o Shee Jlad ol

ll\

— = Ties or stirrups

< 8d,

Terminating inside column
core with side cover normal to

plane of hook > 65 mm,
or
With side cover normal to
plane of hook > 64

Other

L = Vel o, 0.043f, s <42 MPa|C) . = 27105+ 0.6
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25.4.3.4 For bars being developed by a standard hook at
discontinuous ends of members with both side cover and top
(or bottom) cover to hook less than 65 mm, (a) and (b) shall
be satisfied:

(a) The hook shall be enclosed along €4, within ties or stir-

rups perpendicular to £, at s < 3d,,

(b) The first tie or stirrup shall enclose the bent portion of

the hook within 2d, of the outside of the bend
where d}, is the nominal diameter of the hooked bar.

Ties or
Less stirrups
than required
Less
than
22 in.
Section A-A

Sectional Elevation
Fig. R25.4.3.4—Concrete cover according to 25.4.3.4.
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Ay > 044, T plane of hook > 65 mm,
Epoxy- coated 1.2 (i;/'th y l Ij‘> Vo= 1.0
W, =16 ith side cover normal to
Uncoated 1.0 :> plane of hook > 6d,
[ Other ]|:> Yo= 1.25

_ Yelriboy 0.043f, LS U <42MPalD) e = £7105+ 0.6

ldh 2

www.telegram.me/hoseinzadehasl

T2 e e

www.instagram.com/masoud_hoseinzadeh asl ool &lodl "ae ,S3 L"

o5y onl e ezl YoV

www.hoseinzadeh.net


file:///C:/University/tadris/concrete1/www.instagram.com/masoud_hoseinzadeh_asl
http://www.hoseinzadeh.net/

b ygiloyl ko) £+ -
AF Slwlows o0y yod
a (ygten iy JBhin (gad g (6US (g S g3 1y p S D28 51008l ol 4T 5l -TA
Sem (D28 glopo Ko 59, diler st (adias ST TCunl FSudy gy prolie 31 Spalas
(el a8 9] Dgoiil g Loy Slua} g 5,3 C25 00 j o5 9 5400 £ 515 ,KLse
35 45 (v
75 (f 65 (v
Slye Gl )2 28 drlona |, 8) sk (sloo Sl (s alold (g (ood Clpliy g Sl 00t aseine (Jobo (glad Koo slass
gl opaid)S s oW = 1.6 o Ll g o
6dp = 6 X 28 = 3| a8 uzmes g aib 0 65MM 51 a8 i cpl il 0 50 MM o Sl ail> asn by
Se alex Wy = 125 plpls ail 0 168 mm

25
0.043f,W, W, W,w, _ 0.043X400x1x16x125x (= +056) .
ldh = db. = 2872 =864 mm
ML 1x+25
b Sl Rl p3¥ (gt an Blas cnlplo
864 + 50 = 914 mm
side cover normal
Terminating inside column to plane of hook
or * > 6d) W =10 core with side cover normal to
Ay > 0.44,, o plane of hook > 65 mm,
Epoxy- coated 1.2 %{]'th 4 ' :> Vo= 10
V. =16 ith side cover normal to
Uncoated 1.0 i> plane of hook > 6d,

{ Other }ﬁ> Vo= 125

L Vb Poth, 0.043f, 45 <42 MPa|D) we = £2/105+0.6

R T e v

A Slaslo 10y ya

el o 4 33143 gl )] ] g 3903 malissl 13 site cylas 95, oyt (olaT g0 oF 57k, ] i T 1Y
(3951 593 3, %e 9 fy =¥+ +MPa ,f.=Yo MPa (0 cm = ,yil,] 595 OR pader) Tl jala s p 355

YY mm )
~mmnny 400x400mM Y& mm (¥
I y. mmpr
SELLE ‘A mm (f
!f éSOgnm
;1 A §
\_300x5d0~=
“W\J Beam
¥ans
25
L 0.043f, ¥, W, ¥, ¥, s — 0.043 X 300 X 1 X 1.6 X 1.25 X (= + 0.6) 25 < 350
yNIA 1x /25
4.37d}° <350 - d, <1857 mm
www.telegram.me/hoseinzadehasl ~ www.instagram.com/masoud_hoseinzadeh_asl ! wlds "ais ;S8 L ogi> ol e Jlazl V¥

www.hoseinzadeh.net


file:///C:/University/tadris/concrete1/www.instagram.com/masoud_hoseinzadeh_asl
http://www.hoseinzadeh.net/

#5501 g ¥«
¥l AY Sl
¥y glas Ree O SlaBl 59 45 Tppee 53 ol Juste yiagiles YO calid 43 ot lad K2 43355 3,5 3 4y us; -

. iy wilgl oo a3hast az Las JSlus ()l 53 250> wailey (Bl (£t fdigy 0 Tl
- éé | | fc=\‘00kg/cm" fy=\"000kg/cm'
_ | : R 1) ¢
| ) . -
ol : | | EM' 4
dro (v
oA (%

20
o JAR AR 5 300 x 1 x 1.6 X 1.25 X (E + 0.6)

231,/f) 23 X 1x+20

di® < (200 — 20)

4.61d1° <180 - d, <11.5mm
Y b -AY Slasbre 1oy pod
! 53 42 405 bl B 51 45 g7 ygu0 33 S gidgn oolinul oyl oy guae S &) (GAhS HU JUS) g1y VA 0,8 Les g0 31 T4
fog) dalgs julizr Jlacl BB Sl deldS (59,0 S las W KD 10 eud 00ld (LS Sl 4y dor o L 1090 00 lisl

I fc=Yookg/ch fy=?oookg/ch
L 2@:5 rl 30 Yo,¥T (
| ] l VAT T (Y

' VAT (f

Vo, YT (f
ol bl oz jo s anle LB Wy o Wy colyps (Dledbl (jogs a8l e 4y Plue olod Jo j0 45 09l ax g

Al ol atd F L s e o i cul o
LW, s o ol g il co 9g0mmel S )l ca o sles 5,5 hee S Lo ()b o 45 aSiyl 4y azgi b Jlie ) o Lo

L85 Ll 0 Syl

20 \
| 0.043f,W,W,W,w, _ 0.043x400x 1x1x125x (E + 0.6) .
ldh = db = 18 = 293 mm
W 1x+20

0 Lo Jloe Job = 260 mm

260
e 9 = (293) X pAsky
260
— (—) % 0.9 X (277 X 92) X 400 = 162.5 kN

side cover normalJ

Terminating inside column to plane of hook
|:> Y, =10 core with side cover normal to
Ay > 0.44,, d plane of hook > 65 mm,
Epoxy- coated 1.2 or :> Vo= 1.0
410 :>\|! =16 With side cover normal to
Uncoated 1. ' plane of hook > 6d,

[ Other ]i> Vo= 1.25

1, = P¥rbote 0083y s N <axmpal) ve= 105+ 06

VR T (e e

www.telegram.me/hoseinzadehasl ~ www.instagram.com/masoud_hoseinzadeh_asl ool wlod "ge ;53 L ogiz ol e el YO

www.hoseinzadeh.net


file:///C:/University/tadris/concrete1/www.instagram.com/masoud_hoseinzadeh_asl
http://www.hoseinzadeh.net/

1 95L,T slen) ¥ - -

due

e

Moment diagram

to beam loads

(length of cutoff bars)
9.7.3 Flexural reinforcement in nonprestressed beams : X é]f
. . : Moment |
9.7.3.3 Reinforcement shall extend beyond the point at '/—Face of support strength |
' of bars a.

which it is no longer required to resist flexure for a distance
equal to the greater of d and 12d;, except at supports of
simply-supported spans and at free ends of cantilevers.

9.7.3.4 Continuing flexural tension reinforcement shall
have an embedment length at least £; beyond the point
where bent or terminated tension reinforcement is no longer
required to resist flexure.

9.7.3.8.4 At lcast one-third of the negative moment rein-
forcement at a support shall have an embedment length
beyond the point of inflection at least the greatest of d, 12d},
and £,/16.

www.telegram.me/hoseinzadehasl www.instagram.com/masoud_hoseinzadeh_asl|

Points of inflection (P.1.)

strength
of bars b

Moment curve

< (0. 12, 0r £,/16)

|
[
|
|
|
Mid-span :
of me?nber—/'T

>4y

P—p—

M

2 (dor 12dp)

Bar b
B Embedmentofbarsa> £, L
|<7r>c/_Bars a ({l?l <J—1—,X [+

Section 12.2.1, or 12.11.2,
or £4for compression when
bottom bars used as
compression reinforcement

Zz (dor 12db)i

fe—2 (d—>

Diameter of bars a
limited by Section 12.11.3
at point of inflection

Fig. R12.10.2—Development of flexural reinforcement in a

typical continuous beam.
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Flexural strength
ofbars C,D&E
Note: See Section 12.10.5 for

-M, termination of reinforcement
\ in a tension zone.
/ d, 12d,, (12.10.3)
Criticalsect -
ionfor bars Flexural strength
c )/ of bars D & E
(12.10.2)
Criticalsect
ionfor bars
D
(12.10.2)
d, 12db {12.10.3)
f—
Flexural
strength of
vd bars E

Criticalsec

tionfor

bars E

(12.10.2) d, 12dy, £, 116 (12.12.3)

_P .‘_
|~ Point of inflection P1.
Ao
={y bars C - \
(12.12.2) N
| =égbarsD _| . \
:l_/l/_r T (2104 |= = (i‘f?t;a(ﬁ;z > Note (a)
~ =
See Fig. 4-9(b) for
\ \ Bars E development of posili
Bars D P positive
A\l Bars C moment reinforcement \ S

j—/l/—L X Note {b)

Note (a): Portion of total negative reinforcement (Ag) must be continuous (or spliced with a Class B splice or
a mechanical or welded splice satisfying 12.14.3) along full length of perimeter beams (7.13.2.2).
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See Fig. 4.9(a) for
development of negative
moment reinforcement

Note (b)| , PI. Bars B

4

BarsA

4

4

Note: See Section 12.10.5 for

termination of reinforcement

in a tension zone.
Point of inflection PI.
\
Critical
section
for barsA
d, 12dy, (12.10.3) (12.10.2)
4<_
Flexural strength
of barg B \‘
Critical
section
forbars B
(12.10.2)
Embedment pf Bars B Flexural strength
. (121104) of barsA& B
/ > +M,
> {4 barsA
- (12.1) >

Note (b): Portion of total positive reinforcement gA:) must be continuous (or spliced with a Class B splice or
a mechanical or welded splice satisfying 12.14.3) along full length of perimeter beams and of beams without

closed stirrups (7.13.2.2). See also 7.13.2.4.
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9.7.3.5 Flexural tension reinforcement shall not be termi-
nated in a tension zone unless (a), (b), or (c) is satisfied:

(a) V., <(2/3)¢V, at the cutoff point

(b) For No. 36 bars and smaller, continuing reinforcement
provides double the area required for flexure at the cutoff
pointand V, < (3/4)¢V,

(c) Stirrup or hoop area in excess of that required for shear
and torsion is provided along each terminated bar or wire
over a distance 3/4d from the termination point. Excess
stirrup or hoop area shall be at least 0.415,,5/f,,. Spacing s
shall not exceed d/(8B;)
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9.7.3.8.3 At simple supports and points of inflection, dj

for positive moment tension reinforcement shall be limited Va
such that £ for that reinforcement satisfies (a) or (b). If rein- ‘

forcement terminates beyond the centerline of supports by a ‘

standard hook or a mechanical anchorage at least equivalent
to a standard hook, (a) or (b) need not be satisfied.

(a) £,<(1.3M,/V, + £,) if end of reinforcement is confined

by a compressive reaction 571 7"
(b) ta<(M,/ Vit £)if e_nd of reinforcement is not confined 1/ M,, for reinforcement
by a Compressive reaction vu V/ Continuing into support
M, is calculated assuming all reinforcement at the section p
is stressed to f,, and V, is calculated at the section. At a d
support, £, is the embedment length beyond the center of the Capacity slope Mn 2 Demand slope ( v, )
support. At a point of inflection, £, is the embedment length ba
beyond the point of inflection limited to the greater of d and 4 < M,
12d,. Vu
{a) Positive M, Diagram
End anchorage £, 7 T 1.3M/Y, -
e e I
L&—-—lf Max. ¢4

Note: The 1.3 factor is applicable only if the reaction
confines the ends of the reinforcement.

{b} Maximum £4 at simple support

Maximum effective embedment
length limited to d or 12d,, for £,

-—Embedment length —
Max. £4

(c) Maximum £4 for bars "a” at point of inflection

Fig. RY9.7.3.8.3—Determination of maximum bar size
according to 9.7.3.8.3.
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Fig. 11-1
Tied column under construction. (Photograph courtesy of
J. G. MacGregor.)
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— Bond stress, u
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25.5.1.1 Lap splices shall not be permitted for bars larger
than No. 36, except as provided in 25.5.5.3.
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25.5.1.3 For noncontact splices in flexural members, the
transverse center-to-center spacing of spliced bars shall not
exceed the lesser of one-fifth the required lap splice length
and 150 mm.

R25.5.1.3 If individual bars in noncontact lap splices
are too widely spaced, an unreinforced section is created.

2 Sl Jlada 5l eS|y alog Jsb ol oo LT .ol p3Y Jladie 51 i 99390 0, Ke ljue dhoog S 0 0S5,
oo L

25.5.1.4 Reduction of development length in accordance
with 25.4.10.1 is not permitted in calculating lap splice
lengths.

25.5.2 Lap splice lengths of deformed bars and deformed

wires in lension Clear spacing
25.5.2.1 Tension lap splice length £ for deformed bars and N

deformed wires in tension shall be in accordance with Table A
25.5.2.1, where £, shall be in accordance with 25.4.2.1(a).

- A ~
Table 25.5.2.1—L ap splice lengths of deformed L
bars and deformed wires in tension |

Maximum
percent of A, .
spliced within Clear spacing

A provided Asrequired’ | Tequired lap | Splice
over length of splice length type [

50 Class A | Oreater | 1.04;and Fig. R25.5.2.1—Clear spacing of lap-spliced bars for deter-
>20 of: | 300 mm mination of {4 for staggered splices.

100 Class B | Greater 1.3£,and
<20 All cases Class B of: | 300 mm

[Ratio of area of reinforcement provided to area of reinforcement required by analysis
at splice location.

Y Slewlxs

oy vh & il Alog b phas guic S5 50 45 920 3)5Les 93 sl a3 ity Jsb -YF
gt 95 33 0l 930 G jama Slre ol y21am Bl gn s3a glue 900 iy cilend

A Gl il J3a glae
100 (¥ 180 ¢v 250 (¥ 150 ¢y
VS
/900
S = Min (T 150) =150 mm
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25.5.2.2 If bars of different size are lap spliced in tension,
£, shall be the greater of £; of the larger bar and ¢, of the
smaller bar.

O)il.z.n 05; (5‘“'“"9" 4.1.05

25.6.1.7 Lap splices of bars in a bundle shall be based on
the lap splice length required for individual bars within the
bundle, increased in accordance with 25.6.1.5. Individual
bar splices within a bundle shall not overlap. Entire bundles
shall not be lap spliced.

255 lacl alog Y-V

25.5.7.4 Splices in tension tie members shall be made with
a mechanical or welded splice in accordance with 25.5.7.1.
Splices in adjacent bars shall be staggered at least 750 mm.
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(Compression lap splice) ,Li8 o Sl icligy alog -¥ov

25.5.5 Lap splice lengths of deformed bars in compression

25.5.5.1 Compression lap splice length £, of No. 36 or
smaller deformed bars in compression shall be calculated in
accordance with (a) or (b):

(a) For f, < 420 MPa: £ is the greater of 0.071f,d, and
300 mm

(b) For f, > 420 MPa: £ is the greater of (0.13f, — 24)d,,
and 300 mm

For f.! <21 MPa, the length of lap shall be increased by
one-third.

25.5.5.2 Compression lap splices shall not be used for bars
larger than No. 36, except as permitted in 25.5.5.3.

fail (oo titS o, Khs alog Job 5l S (5,led o Ko alog Jobo 1>

597 9 Sl alog -6-Y

el (pibigy alog lp (Rl S (SHe aloy o
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18.2.7 Mechanical splices in special moment frames and
special structural walls

18.2.7.1 Mechanical splices shall be classified as (a) or
(b):

(a) Type 1 — Mechanical splice conforming to 25.5.7

(b) Type 2 — Mechanical splice conforming to 25.5.7 and
capable of developing the specified tensile strength of the
spliced bars

18.2.7.2 Type 1 mechanical splices shall not be located
within a distance equal to twice the member depth from the
column or beam face for special moment frames or from
critical sections where yielding of the reinforcement is
likely to occur as a result of lateral displacements beyond
the linear range of behavior. Type 2 mechanical splices shall
be permitted at any location, except as noted in 18.9.2.1(c).

Sl alog glgil -1-8-Y

el (SilSe alog £ 9o
(Typel) \ g -)
(Type2) ¥ g -¥

R18.2.7 Mechanical splices in special moment frames and
special structural walls—In a structure undergoing inelastic
deformations during an earthquake, the tensile stresses in
reinforcement may approach the tensile strength of the rein-
forcement. The requirements for Type 2 mechanical splices
are intended to avoid a splice failure when the reinforcement
is subjected to expected stress levels in yielding regions.
Type 1 mechanical splices are not required to satisfy the more
stringent requirements for Type 2 mechanical splices, and
may not be capable of resisting the stress levels expected in
yielding regions. The locations of Type 1 mechanical splices
are restricted because tensile stresses in reinforcement in
yielding regions can exceed the strength requirements of
25.5.7. The restriction on Type 1 mechanical splices applies
to all reinforcement resisting earthquake effects, including
transverse reinforcement.

Recommended detailing practice would preclude the
use of splices in regions of potential yielding in members
resisting earthquake effects. If use of mechanical splices in
regions of potential yielding cannot be avoided, there should
be documentation on the actual strength characteristics of
the bars to be spliced, on the force-deformation character-
istics of the spliced bar, and on the ability of the Type 2
mechanical splice to be used to meet the specified perfor-
mance requirements.

Although mechanical splices as defined by 18.2.7 need not
be staggered, staggering is encouraged and may be necessary
for constructibility or provide enough space around the splice
for installation or to meet the clear spacing requirements.

R18.2.7.1 The additional requirement for a Type 2 mechan-
ical splice is intended to result in a mechanical splice capable
of sustaining inelastic strains through multiple cycles.

25.5.7 Mechanical and welded splices of deformed bars in

tension or compression

25.5.7.1 A mechanical or welded splice shall develop in
tension or compression, as required, at least 1.25f, of the bar.
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18.6.3.3 Lap splices of deformed longitudinal reinforce-
ment shall be permitted if hoop or spiral reinforcement is
provided over the lap length. Spacing of the transverse rein-
forcement enclosing the lap-spliced bars shall not exceed the
lesser of d/4 and 100 mm. Lap splices shall not be used in
locations (a) through (¢):

(a) Within the joints

(b) Within a distance of twice the beam depth from the
face of the joint

(c) Within a distance of twice the beam depth from crit-
ical sections where flexural yielding is likely to occur as
a result of lateral displacements beyond the elastic range

of behavior
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— A
Design torque for this spandrel Design torque may not be
beam may be reduced because reduced because moment
moment redistribution is possible redistribution is not possible

\‘T
Shear flow / Ao
q
75A
T Ao=
(a) Thin-walled tube (b) Area enclosed by shear flow
path, A,
T
24,
2
24,, 0.754, A,
T, =2Apt X Ty =2 p—pXT0=( v) x 0.33./f)
3 Py P.,
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22.7.5 Cracking torsion

22.7.5.1 Cracking torsion T, shall be calculated in
accordance with Table 22.7.5.1 for solid and hollow cross
sections, where N, is positive for compression and negative

for tension.

Table 22.7.5.1—Cracking torsion

Type of member T,
4
Nonprestressed member 0.337\-\/7; [P—J (a)
v 4
p 0334 /
restressed member \/— ( J 033\ \/— ®)
A N
Nonprestressed member 0.33 \/7, Zo | sy u ©
subjected to axial force ) ‘\ Py 0_33Ag7t.\/7c’

Longitudinal bar '
ong a T
—Concrete ™ W
compresssen
diagonals
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A, =bh

P, =2(b+h)

A, ,=(b-2c)(h-2c)
=2(b-2c)+2(h-2c)

by

o S5l oS i e b ps VoA

22.7—Torsional strength
22.7.1 General

22.7.1.1 This section shall apply to members if T, > ¢ T,
where ¢ is given in Chapter 21 and threshold torsion Ty, is
given in 22.7.4. If T, < ¢ T4, it shall be permitted to neglect
torsional effects.

22.7.4 Threshold torsion

22.7.4.1 Threshold torsion T, shall be calculated in accor-
dance with Table 22.7.4.1(a) for solid cross sections and
Table 22.7.4.1(b) for hollow cross sections, where N, is
positive for compression and negative for tension.

Table 22.7.4.1(a)—Threshold torsion for solid cross
sections

Type of member Ty
2
Nonprestressed - A4
0.083A —
member ‘/Z[ P @
Pr 0.083A
estressed member \/_ ( ) , 0. 337» \/_ (b)
Nonprestressed A N
member subjected to 0-0837“\/70' {—q’) 1+ W ©)
axial force P 334 S

Table 22.74.1(b)}—Threshold torsion for hollow

h cross sections
Type of member Ta
Nonprestressed A2
0.083\/ f/| £
member \/70[ P, J @
b, P ;
0.083M /1| =2 1+ L
A=b, h+ tf (bf -b,,) Prestressed member \/Z[[Iq,) ’ 0.33;"\/70' (b)
F.=2b,+2h
Nonprestressed Ve N
A,=(b,2¢)(h-2c) +(tf-2c) ( bf -2c-b,,) member subjected to 0-0837\'\/70' Z | s ey ,,?“\/7’ ©
axial force Lo 334, S
R =2(b;-2c) +2(h-2c)
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22.7.7 Cross-sectional limits

22.7.7.1 Cross-sectional dimensions shall be selected such
that (a) or (b) is satisfied:

(a) For solid sections

v ’ L.p, ’ £ ’
\/(bwud } +(1.;Z3J gq{b d+0.66JZJ (22.7.7.1a)

w

(b) For hollow sections

. 1,p, V.
(bwd J (1-7143,,] q{bwd N5 ] (22.7.7.1b)
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22.7.6.1 For nonprestressed and prestressed members, T,
shall be the lesser of (a) and (b):

24 4

(@ T, =#fﬂcot9 (22.7.6.1a)
S
24 4

by T = 22T (22.7.6.1b)
Dy

where A, shall be determined by analysis, 0 shall not be
taken less than 30 degrees nor greater than 60 degrees; A, is
the area of one leg of a closed stirrup resisting torsion; A, is
the area of longitudinal torsional reinforcement; and pj, is the
perimeter of the centerline of the outermost closed stirrup.

22.7.6.1.1 In Eq. (22.7.6.1a) and (22.7.6.1b), it shall be
permitted to take A, equal to 0.854,,,.

22.7.6.1.2 In Eq. (22.7.6.1a) and (22.7.6.1b), it shall be
permitted to take 0 equal to (a) or (b):

(a) 45 degrees for nonprestressed members or members

with Apgfre < 0.4(Aps fou + Asf;)
(b) 37.5 degrees for prestressed members with A4, f;, >

0.4(Apsfpu + Asfy)

P, =2(b+h)
A,=(b-2c)(h-2c)
B, =2(b-2c)+2(h-2c)

by

A=b, h+ t (b -b,)

bf+2h

A= b, 2¢c)(h-2¢c) +(t;-2c) ( bf -2c-b )

p.=2

P, =2( bf -2¢) +2(h-2c)
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9.7.5 Longitudinal torsional reinforcement
9.7.5.1 If torsional reinforcement is required, longitu- 9.6.4.2 If torsional reinforcement is required, minimum
dinal torsional reinforcement shall be distributed around the transverse reinforcement (A, + 24,)..,/s shall be the greater

perimeter of closed stirrups that satisfy 25.7.1.6 or hoops of (a) and (b):

with a spacing not greater than 300 mm. The longitudinal

reinforcement shall be inside the stirrup or hoop, and at least

one longitudinal bar or tendon shall be placed in each corner. (a) 0.062 \/Z'j’r_w
»

9.7.5.2 Longitudinal torsional reinforcement shall have a
diameter at least 0.042 times the transverse reinforcement

spacing, but not less than 10 mm. b
(b) 035>

9.7.5.3 Longitudinal torsional reinforcement shall extend »

for a distance of at least (5, + d) beyond the point required
by analysis.

9.7.6.3.3 Spacing of transverse torsional reinforcement
shall not ¢xceed the lesser of p,/8 and 300 mm.

Sob i sb,gle)] -V-A

9.6.4.3 If torsional reinforcement is required, minimum
area of longitudinal reinforcement A, ., shall be the lesser
of (a) and (b):

(@) ——————| —

042,74, Af]p £
/, !

0421’4, (0175, ) f.
(b) T Py
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aS 0 o8 lel 48,5 1B V=270 KN 5y 9 Tu=41 KNemM iy 5 51 css 650%X400 MM slel 4 45 SO

fd =28 MPa Fyt = 300MPa
o S 00,8 jshate sl pae b LS S -

Agp = 650 X 400 = 260000 P, =800 + 1300 = 2100

2
A 56.2
T., = 0.33\/28( PC”) =56.2% 105N.mm = 56.2kN.mm — T, =41> 0.75x -

cp
ghio by Joo BB iy pSlas Jyus -7
A,p = (650 — 80 — 10)(400 — 80 — 10) = 173600 mm?
A, = 0.854,, = 147560
P, = [(650 — 80 — 10) + (400 — 80 — 10)] x 2 = 1740 mm
d = 650 — 40 — 10 — 12.5 = 587.5 mm
V. = 0.17v/28 x bd = 0.17 x V28 x 587.5 x 400 = 211 kN

270000\% (41 x 108 x P,\°
( ) +(——=——>—) =1.805MPa
bd 1.7 X A,

211000

< 0.75 [( ) + 0.66V/28 = 3.29MPa | OK.

 240AFy; 2 X 147560 X A, X 300 y
no s a s T, < @T, -—=0.617mm
T, = 41 x 10° S

S Sl Y Dgels anule -1
211 kN
270 kN
Vs =

}(stzV oV, =111 kN —>VSPN=148.6kN.

Ve
Vu
A,dFy; A, x 587.5 x 300

s S --2>0.84mm
V. _ =148.6 kN s

N r:)‘\J

S AV el -

A A, + 24
v—Total _ L =0.84+2x0617 = 2.078

S s
S=100mm Ay_rorq = 207.8mm? > 2.6 10 - Use 3¢10

1740
100 < Min {— 300} OK.

8
400 400
2.078 > Max {0 062 X V28 x —,0.35 x } Max{0.4374,0.467} OK.
300° 300
11.5.5.2 — Where torsional reinforcement is

required by 11.5.5.1, the minimum area of transverse
closed stirrups shall be computed by

b
(A, +2A) = 0.062,F] fls (11-23)
yt
but shall not be less than (0.35b,, s)/f,;.
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22.7.7 Cross-sectional limits

22.7.7.1 Cross-sectional dimensions shall be selected such
that (a) or (b) is satisfied:

(a) For solid sections

v ’ L.p, i £ ’
B RE g

(b) For hollow sections

Yo ). [ Lps Y. z
(bwd] + (1.7Aj,, ] < ¢(de +0.66,/f7 ] (22.7.7.1b)

il oo ialsdl adaie slal il alaie iomy g o Cosslie il ol Lad w9 Loy 22.7.7.18 ala, a5 5,00 o

( 200000 )2 40 X 106 X 2 X 616
300 x 438 1.7(208 x 408)?

2
) = 4.3 | £ 0.75(0.17v25 + 0.66V25) = 3.11 MPa

SEL (oo JgB JB (e sl b glade opl ol
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22.7.3.2 In a statically indeterminate structure where 7, >
¢ T, and a reduction of 7, can occur due to redistribution of
internal forces after torsional cracking, it shall be permitted
to reduce T, to ¢ T.,, where the cracking torsion 7, is calcu-
lated in accordance with 22.7.5.
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2200
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? = 90 + 175
. M =90 + 175 — 33.8 = 214.375 kN.m
% — 50.625 + M

(qLr2/8=90+175 (aL"2/8 = 50.625 +M ]

A S S g I a8 5
22.7.3.2 In a statically indeterminate structure where T, >

¢ T, and a reduction of T, can occur due to redistribution of

internal forces after torsional cracking, it shall be permitted

to reduce T, to ¢ T,,, where the cracking torsion 7, is calcu-
lated in accordance with 22.7.5.
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(a) Undamaged cross section

Bulging of perimeter Buckling of unsupported
hoop A longitudinal bars

(b) Cross section after spalling

(c) Photograph of failed section
and buckling of unrestrained bars
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Richart et al. (1928) proposed that the axial strength of confined concrete could be represented by

) ) ) feimax = fc, + kfs ) S (?’-11)
in which 3 is the smallest principal compressive stress (positive in compression). The test data show

that the value of k is slightly higher for low confinement stress than for higher confinement stress. Richart
et al. (1928) recommended a single value of k = 4.1. Subsequent comparisons with larger data sets
demonstrate that Eq. (3.11) with k = 4.1 adequately models the data trend over a large range of
confinement stresses (Figure 3.15).

4

60 [ ]
® Hobbs; Saucier; Nelissen; Kupfer, Hilsdorf, and Rusch
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FIGURE 3.15 Comparison of measured confined concrete strength versus Eq. (3.11). (After Hobbs et al., 1977.)
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FIGURE 4.1 Stress—strain response of plain concrete (P) and three confined concrete cross sections. (After Moehle and Cavanagh,
1985, used with permission from ASCE.)
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25.7—Transverse reinforcement
25.7.2 Ties

25.7.2.3 Rectilinear ties shall be arranged to satisfy (a) and
(b):

(a) Every corner and alternate longitudinal bar shall have
lateral support provided by the corner of a tie with an
included angle of not more than 135 degrees

(b) No unsupported bar shall be farther than 150 mm clear
on each side along the tie from a laterally supported bar

Equal to or less than 150 mmI7\

1 135 deg max

L

May be greater than 150 mm
no intermediate tie required
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(a) Rectangular tied Column

10.7.3 Longitudinal reinforcement

10.7.3.1 For nonprestressed columns and for prestressed
columns with average f,,. < 225 psi, the minimum number of
longitudinal bars shall be (a), (b), or (c):

(a) Three within triangular ties

(b) Four within rectangular or circular ties

(c) Six enclosed by spirals or for columns of special

moment frames enclosed by circular hoops a"" =R Cm‘m

Wiy S5 L e 90 dslin -v-4
oas oolatul o 590 ,5le,l 51 (6,500 40 9237 MM Jolgd L cilie aes sloKis 5l Ligiw 51 (SO 50 ool ax g JS &

10in - 1000
(254 mm) (254 mm) Notes: No. 13 bars longitudinal (dia. =0.5 in, 13 mm)

— fy=51 ksi (352 MPa)

W5 wire transverse (dia. = 0.25 in, 6.4 mm)
£y =155 ksi (379 MPa)

Clear cover=1in (25.4 mm)
fe=3.68ksi (25.4 MPa}

-

7

933in
(237 mm)

60in
{1520 mm)

60in
{1520 mm)

>
-]
"
e

Y 1

{a} Tied column {b) Spiral reinforced column {d) Section B-B

FIGURE 5.1 Two test columns. (After Gamble and Thomson, 1977, courtesy of the University of Illinois at Urbana—Champaign.)
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(a) Load-displacement relation (b) Column:s after testing

FIGURE 5.2 Behavior of test columns under concentric compression: (@) relation between total axial load and total column shortening;

(b) photograph of columns after testing. (After Gamble and Thomson, 1977, courtesy of the University of lllinois at Urbana—
Champaign.)
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18.4—Intermediate moment frames
18.4.3 Columns
18.4.3.3 At both ends of the column, hoops shall be provided

at spacing s, over a length £, measured from the joint face.
Spacing s, shall not exceed the least of (a) through (c):

(a) For Grade 60, the smaller of 8dj, of the smallest longi-
tudinal bar enclosed and 8 in.

(b) For Grade 80, the smaller of 6d}, of the smallest longi-
tudinal bar enclosed and 6 in.

(c) One-half of the smallest cross-sectional dimension of
the column

Length £, shall not be less than the longest of (d), (e), and (f):

(d) One-sixth of the clear span of the column
(e) Maximum cross-sectional dimension of the column
(f) 450 mm

18.4.3.4 The first hoop shall be located not more than s, /2
from the joint face.

CHAPTER 25—REINFORCEMENT DETAILS

25.7—Transverse reinforcement
25.7.2 Ties

25.7.2.1 Ties shall consist of a closed loop of deformed
bar with spacing in accordance with (a) and (b):

(a) Clear spacing of at least (4/3)d g,

(b) Center-to-center spacing shall not exceed the least
of 164, of longitudinal bar, 484}, of tie bar, and smallest
dimension of member

25.7.2.2 Diameter of tie bar shall be at least (a) or (b):
(a) No. 10 enclosing No. 32 or smaller longitudinal bars

(b) No. 13 enclosing No. 36 or larger longitudinal bars or
bundled longitudinal bars
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18.7—Columns of special moment frames

18.7—Columns of special moment frames

18.7.5 Transverse reinforcement

18.7.5.1 Transverse reinforcement required in 18.7.5.2
through 18.7.5.4 shall be provided over a length £, from each
joint face and on both sides of any section where flexural
yielding is likely to occur as a result of lateral displacements
beyond the elastic range of behavior. Length ¢, shall be at
least the greatest of (a) through (c):

(a) The depth of the column at the joint face or at the
section where flexural yielding is likely to occur

(b) One-sixth of the clear span of the column

(c) 450 mm

18.7.5 Transverse reinforcement

18.7.5.3 Spacing of transverse reinforcement shall not
exceed the smallest of (a) through (c):

(a) One-fourth of the minimum column dimension
(b) Six times the diameter of the smallest longitudinal bar
(c) s,, as calculated by:

5, = 100+( (18.7.53)

350—h, J
The value of s, from Eq. (18.7.5.3) shall not exceed 150 mm
and need not be taken less than 100 mm.

h, = maximum center-to-center spacing of longitudinal
bars laterally supported by corners of crossties or
hoop legs around the perimeter of the column, mm

18.7.5.5 Beyond the length ¢, given in 18.7.5.1, the
column shall contain spiral or hoop reinforcement satisfying
25.7.2 through 25.7.4 with spacing s not exceeding the lesser
of six times the diameter of the smallest longitudinal column
bars and 150 mm, unless a greater amount of transverse rein-
forcement is required by 18.7.4.3 or 18.7.6.

18.7.4.3 Mechanical splices shall conform to 18.2.7 and
welded splices shall conform to 18.2.8. Lap splices shall be
permitted only within the center half of the member length,
shall be designed as tension lap splices, and shall be enclosed
within transverse reinforcement in accordance with 18.7.5.2

and 18.7.5.3.
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s < Min(8 x 20,48 x 12,0.5 x 500,300) = 160 mm
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<
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18.7.5.2 Transverse reinforcement shall be in accordance
with (a) through (f):

(a) Transverse reinforcement shall comprise either single
or overlapping spirals, circular hoops, or rectilinear hoops
with or without crossties.

(b) Bends of rectilinear hoops and crossties shall engage
peripheral longitudinal reinforcing bars.

(c) Crossties of the same or smaller bar size as the hoops
shall be permitted, subject to the limitation of 25.7.2.2.
Consecutive crossties shall be alternated end for end along
the longitudinal reinforcement and around the perimeter
of the cross section.

(d) Where rectilinear hoops or crossties are used, they
shall provide lateral support to longitudinal reinforcement
in accordance with 25.7.2.2 and 25.7.2.3.

(e) Reinforcement shall be arranged such that the spacing
h, of longitudinal bars laterally supported by the corner of
a crosstie or hoop leg shall not exceed 350 mm around the
perimeter of the column.

() Where P, > 0.34,f.' or £ > 70 MPa in columns with
rectilinear hoops, every longitudinal bar or bundle of bars
around the perimeter of the column core shall have lateral

support provided by the corner o6f a hoop or by a seismic

hook, and the value of A, shall not exceed 200 mm P,
shall be the largest value in compression consistent with
factored load combinations including E.

o519 Sldgiw LSS Iy Sl wlolyll -1-0-4

Alternate hook position of
each successive crosstie

90-degree
bend

135-degree bend

25.3.4 Seismic hooks used to anchor stirrups, ties, hoops,
and crossties shall be in accordance with (a) and (b):

(a) Minimum bend of 90 degrees for circular hoops and
135 degrees for all other hoops

(b) Hook shall engage longitudinal reinforcement and the
extension shall project into the interior of the stirrup or
hoop

(Lpaemld) oty sledsin Sl (2158 0
(Py > 0345 f) wtls ol gw 5,183 5525 51
Ij e Jlae 2l gt ol slos Koo o3 @
Sl 4l
i slai 50 5 35 colisd 3l §
(il gl o3,) s a2 VY0 ol

2l o0 0523 Oy (S 4 4 bgyje ISS (MOehle 5l as 5 ) wnles azgs 5 USG5 &,

Lo Jsb slos Sle soled gz e 4 5 08L (00 0.3A4gf¢ 51 G (5 510 o pd (5970 b sl Caas JSG 50
(SeISMIC hooK) sizee 4,0 VYO o3 l)ls o Gl slosl 9o 10" (pizen 0il oo Hloe ooye o, 5s

ol 1 S s sl Sle gz et 4 5 28l oo 0.3Agf 5| a8 g s s 6 p5mn Jl r Cem JSE 3
Aol Az YD o1 o Ll g il a0 e o3 sl wilgi e 0aiiS Hlee Blouiw Sleil SO Il Cpl e ailonls s
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« Every corner and alternate longitudinal bar shall
have lateral support, and no bar shall be farther than
150 mm clear from a laterally supported bar.

« Consecutive crossties around the perimeter and
along the length have their 90° hooks on « Every longitudinal bar around the perimeter of

opposite sides of column. the column core shall have lateral support
» The dimension x; from centerline to centerline of provided by the corner of a hoop or by a
supported bars shall not exceed 350 mm. seismic hook.
« The dimension x; from centerline to centerline of
6d,>75mm supported bars shall not exceed 200 mm.

. —A
6d, extensuon-l sh2

B}

Xi

il
b

X;

|

foxcobo el

i‘— Xi Xj Xi —'I in xi Xi X,' ’I

() P, < 0.3A,f, and f; s 70 MPa (b) P, 20.3A,f; or f. > 70 MPa
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18.7—Columns of special moment frames

18.7.5 Transverse reinforcement

18.7.5.4 Amount of transverse reinforcement shall be in
accordance with Table 18.7.5.4.

The concrete strength factor ks and confinement effective-
ness factor &, are calculated according to Eq. (18.7.5.4a) and

(18.7.5.4b).
@ k, = l%ﬂ)ﬁ >1.0 (18.7.5.4a)
k, = —*
(b) %x "2 (18.7.5.4b)

where n; is the number of longitudinal bars or bar bundles

around the perimeter of a column core with rectilinear hoops

that are laterally supported by the corner of hoops or by
I_Ash: seismic hooks.

Table 18.7.5.4—Transverse reinforcement for
columns of special moment frames

'_Aw=3nr

_ 2
Ash- 27

= cross-sectional

Transverse
reinforcement Conditions Applicable expressions
P, <034, and | Greater of 4 r
[/<70MPa_| (a)and (b) o.s( s —1]—f @
ch .fyr
Ag/sb, for £
tili f 0.09-% (b
re(;1 :) :)Ill)ear Pu> 034, or g)regjstazd 7, (b)
f' >70 MPa ? (c)’

P
0.2k k, —*— (c)

yt“ich

P, <034, and | Greater of y £
045 —£-1

, £/<70MPa | (d)and (e) Je (g
ch yt
ps for spiral or Lc’
circular hoop | P,> 034, or (f}r(eiatest 012 " ©
and (f) P
035k, —— (f)
SoAan
- 18.7.5.5 Beyond the length ¢, given in 18.7.5.1, the
e ° ;:j column shall contain spiral or hoop reinforcement satisfying

25.7.2 through 25.7.4 with spacing s not exceeding the lesser
of six times the diameter of the smallest longitudinal column
bars and 150 mm, unless a greater amount of transverse rein-
forcement is required by 18.7.4.3 or 18.7.6.

dimension of member core

measured to the outside edges of the transverse

reinforcement composing area A, mm
= cross-sectional area of a member measured to the

outside edges of transverse reinforcement, mm?
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plas mm" s Ash ojg ST o3y adake prlase unl oot 21l U3 g JSD (Sl gy plafo b ok -Fe
(fo=YoMPa f, =FooMPa FAmm b ey U fgim 215 4 galold) Toul

EY QY
1 YRV (Y
___'znmzs Yho (v
®12at100 vov (f
600 mm | Ol

| 900 mm | _
il 0.3A4gf 51 a8 gt 65970 G945l 23 L
A !
0.3 X (—g - 1) e
Ash = max Ach Fyt
sXb) /
(s be) 0.00 x L2
Fyt
X (900 X 600 1) 0 _ 0.004608
Asn  _ T 7\810x 510 /400 _ 2
———————— = max - Agp =373 mm
(100 x 810) 0.09 X 20 45
77400
6d), 275 mm A
6d,,extension-1 [~ st
® e o o —~
X;
_'- bc?
Az — N
1
L— Xi ——L—;‘, —-L— X; —-I
be
T T
§§ 1 Table 18.7.5.4—Transverse reinforcement for
T TA=3nr? columns of special moment frames
"_ . L -. Transverse
— reinforcement Conditions Applicable expressions
31;;! ¢ P,<0.34, and | Greater of 4 P
f' <70 MPa (a) and (b) 0_3(3_1)6 (a)
ch j;rr
b Aglsb, for £
kel i 0.09=%= (b
c U g Gt 0L 0
£'>70 MPa ’ (c)’
0.2kfkﬂi (©
A5h= 27 rz f:vrAL'h
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il gn S400 03 51 5 pan oVed g C25 o3, 3l o pRoulen 100 K005 5 pé e slos ) Sln
Poaken 250 il O cnl giun !y o3 Julowd (polual sy 5l 0390 (i858 sgite)T slade aziliz
4l 50 p3Y ohg (o855 s9ile,l ke JBlo 4 e (55 515 3ole 5l SaelaS bl 21

Ash

100 X 510
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0.3 600° 1 (25)—00072
I ~\5102 400/
ax

Tadly g0 39500 Lo giw (il
toye sk 480 (A
2oy sarde 360 (V
fipe siaskes 280 (T
ape panee 230 (F
Yaus
il 0.3A4gf 51 y2aS gt 655700 98 a5l 2,38 L
b, = 600 — 2(45) = 510 mm
A, = (510)% mm?

0.3 X (A—g— 1)f—C,

Ash = max Ach Fyt
xb.) !
(s xbe) 0.09 x <
Fyt

- Ay, =367 mm?

25
l 0.09 X 2= = 0.005625 J

www.instagram.com/masoud_hoseinzadeh_asl|

sl @b "ae S5 L ogix opl e ezl YEY

www.hoseinzadeh.net


file:///C:/University/tadris/concrete1/www.instagram.com/masoud_hoseinzadeh_asl
http://www.hoseinzadeh.net/

oligS gUdgim) ¥+ -
LS‘)‘.' q 00y 825 LS')“) as ‘q.j d.hin l.) U,’;"’ u.l'y‘la_ -l.:#l.l 3 |) 33.}_3 Ls\.bn_{.: alotls ,SIJ:»-Y')"
40 l‘"nl’.gl,_v (194 K1Y U‘-.:l,{ J0 mm S )L'AS J.,J u.-:.l: G| 0l E)b Jl.l_) dx.&{&‘—;

Dedige 59025 00 1 s 9 SH00 g4 31 leo Kl

(adly g 0aind 528 20 Sy 9 Y

400

— 00 mm ¢

E ' S0mm ¢

7 r

§ ‘ oS 0 mm ¢

. SO mm ¥

¥ansS el
:SO )‘..\.a.c A.A.ml.?u: ]
(400 — 2(40 + 10 + 12.5)) (350 — 137.5)
x; = > =1375mm - h,=1375 - s,=100 +f =170

2L 150 mm 1 s Wl 5o lade

- 5o = 150 mm

Table 18.7.5.4 Ls, _olul s alols il acslzo 5 J,5 @

0.3 400° 1 (25>—00105
3X7TX52:Max ) 3202 400 -

s X 320 L

->s<70mm

0.09 x 25 =0.005625
' 400 J

el oo oy g abal, 5l Glhon 4l )0 RS alols 5 S0 a4 azgs

[ S O
s; < Min 7 6 X dj, Sy, shear check, Table 18.7.5.4

s; < Min(100, 6 x 25,150, shear check,70) = 70 mm

-

— le— h )
hl
min h,/4, h,/4 h2
h, t 6d
h ) —4 b
ST = Sh o
4’50 m As required for shear
. requirements in Table 18.7.5.4 of ACI-318-14
i, —{_—52
— 100 =100+(222=" <150 mm
min h,/4, h,/4 mm < s,=100+ 7 s
Tension lap —+ s.<J 60
splice restricted T 7 s, {
to center half of As required for shear hy=Max{x;}
member length —— \

1 BN ©® /9] & o & o+
4 6d, N
[

52 << 150 mm _{'

T {As required for shear ba
) — ] i
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! 5 14

l I L
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1gh J S b 5 p Jelsd ahaite 12 o)l G Oliee 4 Ay eiren
18.4.3.5 Outside of length £,, spacing of transverse rein-
forcement shall be in accordance with 10.7.6.5.2.

10.7.6.5.2 Maximum spacing of shear reinforcement shall
be in accordance with Table 10.7.6.5.2.

Table 10.7.6.5.2—Maximum spacing of shear

reinforcement
Maximum s, mm
Nonprestressed Prestressed
| column column
d2 3h/4
<033,/f’b,d | Lesserof:
600
d/a 3h/8
> 0-33\/7='de Lesser of:
300
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25.7—Transverse reinforcement
25.7.3 Spirals
25.7.3.1 Spirals shall consist of evenly spaced continuous
bar or wire with clear spacing conforming to (a) and (b):
(a) At least the greater of 25 mm and (4/3)d,,g,
(b) Not greater than 75 mm

25.7.3.2 For cast-in-place construction, spiral bar or wire
diameter shall be at least 9.5 mm.
25.7.3.3 Except for transverse reinforcement in deep foun-

dations, the volumetric spiral reinforcement ratio py shall
satisfy Eq. (25.7.3.3).

A ’
p. 20.45[—*’—1ji

ch vt

(25.7.3.3)

where the value of f;, shall not be taken greater than
700 MPa.

25.7.3.4 Spirals shall be anchored by 1-1/2 extra turns of
spiral bar or wire at each end.

www.instagram.com/masoud_hoseinzadeh_asl|

18.7—Columns of special moment frames
18.7.5 Transverse reinforcement

18.7.5.4 Amount of transverse reinforcement shall be in
accordance with Table 18.7.5.4.

The concrete strength factor krand confinement effective-
ness factor k, are calculated according to Eq. (18.7.5.4a) and
(18.7.5.4b).

(@ k= J +0.6>1.0 (18.7.5.4a)
175
n
®) k, = — (18.7.5.4b)
1

Table 18.7.5.4—Transverse reinforcement for
columns of special moment frames

Transverse
reinforcement

Conditions
P, <034, and
f' <70 MPa

Applicable expressions

4, S
0.45 (A—— 1) It)

ch

Greater of
(d) and (e)

v

p, for spiral or
circular hoop

Greatest 0.12 jj:", ©
of (d), (e), "
and (f)

P,> 034, or
J¢'>70 MPa

0.35k, L o
S

total cross-sectional area of transverse reinforce-
ment, including crossties, within spacing s and
perpendicular to dimension b,, mm?

ratio of volume of spiral reinforcement to total
volume of core confined by the spiral, measured
out-to-out of spirals
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25.2—Minimum spacing of reinforcement
25.2.1 For parallel nonprestressed reinforcement in a honi-

zontal layer, clear spacing shall be at least the greatest of
1 in., d,, and (4/3)d,,.

25.2.2 For parallel nonprestressed reinforcement placed in
two or more horizontal layers, reinforcement in the upper
layers shall be placed directly above reinforcement in the

bottom layer with a clear spacing between layers of at least
lin.

25.2.3 For longitudinal reinforcement in columns, pedes-
tals, struts, and boundary elements in walls, clear spacing
between bars shall be at least the greatest of 1.5 in., 1.5d,,
and (4/3)d,g,.
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10.7.3 Longitudinal reinforcement

10.7.3.1 For nonprestressed columns and for prestressed
columns with average f,, <225 psi, the mmimum number of

longitudinal bars shall be (a), (b), or (¢):

(a) Three within triangular ties

{(b) Four within rectangular or circular ties

{(c) Six enclosed by spirals or for columns of special
moment frames enclosed by circular hoops
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CHAPTER 10—COLUMNS

10.6—Reinforcement limits
10.6.1 Minimum and maximum longitudinal reinforcement

10.6.1.1 For nonprestressed columns and for prestressed
columns with average f,. < 1.6 MPa, area of longitudinal
reinforcement shall be at least 0.014, but shall not exceed
0.084,. -

)Q
g £
S £
@ S
i ?
© <
ﬁL
b=600 mm
252
A. 16X =
00l<p=—= M =0.022 < 0.08

bh 600 x 600

R10.6.1.1 Limits are provided for both the minimum and
maximum longitudinal reinforcement ratios.

Minimum reinforcement—Reinforcement is necessary
to provide resistance to bending, which may exist regard-
less of analytical results, and to reduce the effects of creep
and shrinkage of the concrete under sustained compressive
stresses. Creep and shrinkage tend to transfer load from the
concrete to the reinforcement, and the resultant increase in
reinforcement stress becomes greater as the reinforcement
ratio decreases. Therefore, a minimum limit is placed on the
reinforcement ratio to prevent reinforcement from yielding
under sustained service loads (Richart 1933).

Maximum reinforcement—The amount of longitudinal
reinforcement is limited to ensure that concrete can be
effectively consolidated around the bars and to ensure that
columns designed according to the Code are similar to the
test specimens by which the Code was calibrated. The 0.08
limit applies at all sections, including splice regions, and
can also be considered a practical maximum for longitu-
dinal reinforcement in terms of economy and requirements
for placing. Longitudinal reinforcement in columns should
usually not exceed 4 percent if the column bars are required
to be lap spliced, as the lap splice zone will have twice as
much reinforcement if all lap splices occur at the same
location.

YW 0 D9 0.06 EVRSY vow ngb u}ril—uc/ " )45‘..\7- oG (e > Lgl.e‘)ls 6[.@‘49..%: JLEnE FRY

18.7—Columns of special moment frames

18.7.4 Longitudinal reinforcement

18.7.4.1 Area of longitudinal reinforcement, Ay, shall be

at least 0.014, and shall not exceed 0.06A,.
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18.6—Beams of special moment frames

18.6.2 Dimensional limits

18.6.2.1 Beams shall satisfy (a) through (c):

(a) Clear span £, shall be at least 4d

(b) Width b,, shall be at least the lesser of 0.34 and 250 mm

(c) Projection of the beam width beyond the width of the

supporting column on each side shall not exceed the lesser

of ¢, and 0.75¢;.

[ Ln>4d——]
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s K5 gt o @P, = 90.8[0.85f/ (A4, — As) + F,Ag| = 0.65 x 0.8[0.85f/A, + (F, — 0.85f,)A;]

ay90 b ogie & @B, = ©0.85[0.85f/ (4, — A;) + F,

22.4.2 Maximum axial compressive strength

22.4.2.1 Nominal axial compressive strength P, shall not
exceed Py, mqy in accordance with Table 22.4.2.1, where P, is
calculated by Eq. (22.4.2.2) for nonprestressed members and
composite steel and concrete members, and by Eq. (22.4.2.3)
for prestressed members.

Table 22.4.2.1—Maximum axial strength

Transverse
Member reinforcement Py pax
Ties conforming to
224.24 080% | @
Nonprestressed - -
Spirals conforming to 0.85P, \ (b)
22.4.2.5 ’ \“

Ag] = 0.75 x 0.85[0.85f,A, + (F, — 0.85f,)A;]

R22.4.2 Maximum axial compressive strength

R22.4.2.1 To account for accidental eccentricity, the
design axial strength of a section in pure compression is
limited to 80 to 85 percent of the nominal axial strength.
These percentage values approximate the axial strengths
at eccentricity-to-depth ratios of 0.10 and 0.05 for tied and
spirally reinforced members conforming to 22.4.2.4 and
22.4.2.5, respectively. The same axial load limitation applies
to both cast-in-place and precast compression members.

0

reinforcement.

22.4.2.2 For nonprestressed members and composite steel
and concrete members, P, shall be calculated by:

P,=0.85/(Ag— Ay) + f,A4y

where Ay, is the total area of nonprestressed longitudinal

(22.4.2.2)

1Dgh (o0 Ao ) Ojg0 & (Ghed (9 (alB (RES) (EiS Caeglie
©Py: = @F,Ag = 0.9F, A,

nonprestressed members.

22.4.3 Maximum axial tensile strength
22.4.3.1 Nominal axial tensile strength of a nonpre-

stressed, composite, or prestressed member, P, shall not be
taken greater than P m,y, calculated by:

P nt,max :f yAsl + (fse + A‘/;))Apl

where (f, + Af,) shall not exceed f,,, and A, is zero for

(22.4.3.1)
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aled gy pj alalie slp 1) (65970 (G955 5 Lies S, logad
Ag =400 x 400 = 160000 mm?
Asl = As2 = 4m X 14? = 2462 mm?
fd = 25MPa
E, = 400MPa

Uniform compreasion

)

F Balanced fallure

400mm.

Axdal koad resistance, P,

ldz = 64 mm

—'T_

400 mm d1 = 336 mm Moment resistanca, M,

(A aaii) 5w 5 lad Caglio dwle —)
Py = 0.85 x 25(160000 — 2 x 2462) + 400 x (2462 X 2) = 5265729 N = 5265kN

B abii )5 sied g 5 Lid Cuaglie drlore -Y
&1 =0
(336 — 64)
2 = 7336
a = 0.85x = 0.85 X 336 = 285.6 mm

C. = (285.6 x 400) x (0.85 X 25) = 2427.6 kN
Cs = 2462 x (400 — 0.85 x 25) = 932864.5 = 933 kN

Py =C.+ Cs = 2427.6 + 933 = 3360 kN
@Pg = 0.65 x 3360 = 2184 kN

x 0.003 = 0.0024

h a h
My = C, x (E - E) + G % (E _ 64) — 265728295 = 266 kN.m
@Mg = 0.65 X 266 = 172.72 kN.m
g =0, 00 3m=p
e 6 o o 's=0.0024 f's
x=g36 .
® o o o 7
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£, = 0.002
£, = 0.002048

3
X = E X 336 = 201.6 mm
a=0.85x =0.85x%x201.6 =171.36 mm

C. = (171.36 x 400) X (0.85 x 25) = 1456.56 kN

Cs = 2462 X (400 — 0.85 X 25) = 932864.5 = 932.9 kN
T = 2462 X (400) = 985203 = 985.2 kN

P, =C,+Cs— T, = 1456.56 + 932.9 — 985.2 = 1404 kN
@P; = 0.65 X 1404 = 912.7 kN

h a h h
M; =C, x (E - —) + Cg X (E - 64) + Tg X (d - E) = 427371184 = 427.37 kN.m

2
@M, = 0.65x427.37 =277.79 kN.m
~ea=llOO2. 0.85f'c
64 -

® & ¢ ¢ f's

x=2D1.6
400

e & ¢ @ f

£=0.002

£, = 0.005
£, = 0.001476

X =%>< 336 =126 mm
a=0.85x=085x%x126 =107.1 mm
C. = (107.1 x 400) x (0.85 x 25) = 910.35 kN
Cs = 2462 x (0.001476 x 2 X 10> — 0.85 X 25) = 674.83 kN
Tg = 2462 x (400) = 985.2 kN

P, =C,+ Cs— T, = 910.35 + 674.83 — 985.2 = 599.98 kN
@P, = 0.9 X 599.98 = 540 kN.m

h a h h
Mp = C, X <§_§> + G X <§—64)+T5 X (d—E) = 359.086 kN.m
@M, = 0.9 X 359.086 = 323.18 kN.m
— 0.85fc
64 l (=
e e ® e X=1%6 £5=0001476 5=107.1 Fs
400
e o o o |- fs
£s=0.005
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E abhi o twd Coogline dawlxe -0
C. = (0.85 x x X 400) x (0.85 x 25) = 7225 xx N

!

Cs = 2462 X (x % 0.003 X E — 0.85 x 25)

X 4
=2462><( . ><0.003><2><105—0.85><25) N
Tg = 2462 X (400) = 985203 N985.2 kN
Phb=C.+C;—Ts=0 - C.+Cs =T

x — 64
7225x + 2462 X ( % 0.003 X 2 x 10% — 0.85 x 25) =985203 - x =87.9333mm
C. = 7225x = 635.32 kN
x — 64
Cs = 2462 x ( x 0.003 x 2 x 10%> — 0.85 x 25) = 349.88 kN

a = 0.85x = 74.74mm
Mp=Cox(2=2)+cox (2-64)+ Ty x (d—2) = 28489 kN.m

Mg = C, X (d —%) + Cs X (d — 64) = 284.89 kN.m
@My = 0.9 x 284.89 = 256.4 kN.m

%‘_ 0.85fc
64 L a=D.85x] . f.=g's"Es

®¢ & o o x 7= (x-d'yx*0.03

400

[}
n

® © o o fs

£s
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21.2.2 Strength reduction factor for moment, axial force,
or combined moment and axial force shall be in accordance
with Table 21.2.2.

21.2.2.1 For deformed reinforcement, &, shall be f,/E;.
For Grade 420 deformed reinforcement, it shall be permitted
to take &, equal to 0.002.

Fig. R10.4.2.1—Critical column load combination.

Table 21.2.2—Strength reduction factor ¢ for moment, axial force, or combined moment and axial force

¢
Type of transverse reinforcement
Net tensile stain &, Classification Spirals conforming to 25.7.3 Other
=g, Compression-controlled 0.75 (a) 0.65 (b)
(81 —€ ) (81 —& )
ition!!! 075+0.15——2%— 0.65+025—2——
&, < g <0.005 Transition (0.005—¢,) (c) (0.005_¢,) )
€ >0.005 Tension-controlled 0.90 (e) 0.90 ®
MFor sections classified as transition, it shall be permitted to use ¢ corresponding to compression-controlled sections.
&cy = 0.003 Compression
—— —— 1 3
c ¢
F 3
0.90
d;
“~ 0.75
0.65
Compression Tension
pal I Y controlled— _ Transition | controlled
* “< _ 1 -
. i >
“—Reinforcement closest &= &y &=0.005

to the tension face

Fig. R21.2.2a Strain distribution and net tensile strain in a
nonprestressed member.
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Fig. R21.2.2b Variation of ¢ with net tensile strain in
extreme tension reinforcement, &

ol @l "o I3 L oz ol e L

yay

www.hoseinzadeh.net


file:///C:/University/tadris/concrete1/www.instagram.com/masoud_hoseinzadeh_asl
http://www.hoseinzadeh.net/

www.telegram.me/hoseinzadehasl

$2970 59y b ol ok 059x0 g g\ ¥ -

Pll
3 Plastic

centroV
e

y

ty

www.instagram.com/masoud_hoseinzadeh_asl

6)9'7“63)?;1%0‘)&-@0)99“3& NN |

G55 6,5k g, =Y Y

ol Bl "ae I3 LT ogip cpl lae jlaml YAA

www.hoseinzadeh.net


file:///C:/University/tadris/concrete1/www.instagram.com/masoud_hoseinzadeh_asl
http://www.hoseinzadeh.net/

$2970 59y b ol ok 059x0 g g\ ¥ -
A Sl

e 1 i S400 0, 9Y g 9 CA0 03 oy 31 Ly (i b 5 SIS gebws (532 5 ST -YF
Sailio Hlado il alafio yhad Wljlge & (3 Haxe 4S5 sbar 3708 18 05970 90
3 SRS & KNM o 1 i S Y a2 Jo9> 9 X s Jo2 cpglile (Shs S
a3 JSb 50 Wojluil 9 0391 yio sl 20 il L y9ilo,l yhad) Cogy wnlgs 5iSu0 3 515 polie

Yy (! pio o
y// T 17 o 44 (\
, 300 | « 34 434 (Y
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U
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8,8 185 50 00d ol Lo 5 (ylei (o l) (sieos (593)b coad oolaiuwl & ;Ko el S y0 Az gl bt oy g,

y oM, = (pASFyZ o \% (pMy = (pASFyZ
30 = 0.9(615)(400)(0.9 x 30 o0 =
Cl, | J 29%x300)
-+ =59.78kN.m o =30.52 kN.m
50 250 50 | 50
(@39 (09

Q)ywl)owﬁmld4.3Loao)ﬂ.‘,coyib‘seué)é|@1.%quﬁ)aa)bﬁ.¢ql{élaj.o,agl.'o'.a)idwbuc«e.?

a? a?
Ep— - — 2
C=75x08 =7 x08x40=17a" 1o _714712 -a=121558mm
T1+T2 = AgF, = 2 x 314 x 400 = 251200 N
C=T1+T2

121.56

a
FT2) X (300—5) — (251.5 kN) X (300— )z 65.26 kN.m
=300 mm

(T1) x (300 - %) +(12) x (50 - %) _

121.56 121.56
)X(300— >+(125.6 kN)X(SO— ) =33.78 kN.m
x=250
oo Koo ol plows J a8
_ 2745 11308 (003 = 0.0035 > 0,002 OK
17T 113,08 T |
x=121.56x0.707/p=
=121.56x0.707/0.76
=113.08 mm
°
350x0.707=247.45 mm
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n interaction

Failure
surface

S{(Py.ex,ey)

& Failure surface
52 (I/Pn,ex, ey)

.

% €y ey
7 e
(a) Failure Surface S; (b) Reciprocal Failure Surface S, (c) Failure Surface Sj

o

Ogs )L Lalls (5970 oyl 1Po

My 9 Mx OLO}Q.Q LgLQ)iIJ ).:| S i (S 970 u.&).'a :Pn
This equation is simple in form and the variables are easily determined. Axial load strengths P, , P, , and Poy
are determined using any of the methods presented above for uniaxial bending with axial load. Experimental

results have shown the above equation to be reasonably accurate when flexure does not govern design. The
equation should only be used when:

P, > 0.1fA
n fcAg (8
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/ == P, - M, inferaction curves
> s

= Failure surface Sz

Load contour

(@ =) 3,8 eolanul nj alal, 5l olg (oo o arogs B:bo
Bresler indicated that, typically, a varied from 1.15 to 1.55, with a value of 1.5 being reasonably accurate
for most square and rectangular sections having uniformly distributed reinforcement:

(Mnx)a +<Mny>a -1
Mo \ MnOy

1.0 —
§
\ \Qi‘\?
0.8 S Y \
‘o )

0.6 o
Mny Q\\/
Mnoy

0.4 \
0.2

0] 0.2 04 06 0.8 1.0
MI'IX
MHOX
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PCA L po sio b, -€-Y
A
10 B+ B)=1 - B*=05 - aln(B) =Ln0S5
(B—)B
Mny /—Loadoontour o=
Mnoy
B
45°
A;

o
T
7% 15
A
|
HAl
il
'y
&M
i

B e T
8 — Y ) \ “__EE’ -,'_
B==—— pEN
.6 - Yt
Mny = 2%
U E === i\
aEEEEE
3 = -_,T: ettt =E
Uniaxial moment strength
about x axis = Mpoyx
2 about y axis = Mpgy
Biaxial moment strength
i about x axis = Mpy
about y axis= Mp,
0 2 3 4
Mnx
MI'IOX
[:m][%}' I\Tw =1 Mo (I_B) + My _ 1 for May > Maoy
c nox noy -
1.0 Mpox B noy nx Mpox
B
[ '
B
- v (58
y
M M, [ —||—F|+M, =M
ny nx ny noy
oy My [ Muy |18 -1 (Mnox B J
B Mpox M“DY B J}
) A b 1-B)
M 1.0 My 1= [ | + May = Moy
Mnox B J

For lightly loaded columns, £ will generally vary from 0.55 to about 0.70. Hence, a value of 0.65 for
B is generally a good initial choice in a biaxial bending analysis.
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P, = 5400 kN M, = 411.48 kN.m M,, = 171.45 kN.m
Db ed G g, L >
1090 (o0 08) (yeSS alafie Sl (g9 ,b 4 axgi L
A, > >400000 372670 2 USE 600 x 600
= mm g mm
€7 0.45(28 +.01 x 400)
_600-2x64_
Y=""600
— 0.65
P, =5400 kN , Moux = 411.48 +W X 171.45 = 503.8 kN.m
P, 5400000 ~ ~ Moux 503.8x10° _ _
E—m— 15 MPa = 2.14 ksi ) bh2 = 6003 = 2.33MPa = 0.33 ksi
Use 16 928 —2.73%
R-4-60-0.9
4.0 fo =4 ksi h
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Py = 0.85f/(600%) + (F, — 0.85/,)9852 = 12471.37 KN

20 ! INTERACTION DIAGRAM R4-60.8 K . 6 -
:\ e =T 0.:51 t<4288><><160003 =0105 = f?;oxh =092
~ x..s:=M = -
oss - Ei ox = 0.92 X 28 x 600% = 9273600 N = 9273.6 kN
o 0
3 10 om \ ny 171.45 x 10 P
Wb T éi& >>§% bh? 0,65 x 28 x 6005 _ 00436 = fC,r;)yh =11
Eii Ai)‘ }\\) hoy = 1.1 X 28 X 600? = 11088000 N = 11088 kN
AT TTTT I ]
R,=Pelf/Ah
1 1 1

12471 " P, 9274 ' 11088
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P, =8486 kN - ¢@P, = 5516.1 kN
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maximum factored sustained 04E I
shear within a story (ED), = *
Bds = T R 1+ B ds
maximum factored story shear associated
with the same load combination (02E1,+E]I,)
(E1 )eﬂ =
1 + B ds
20 -y,
> P, is the summation of all the Foryp, <2,k= 2—:\/1+\vm (ED),, = EI
factored vertical loads in a story | |pory, >2,k= 0917y, 71+,
N\
1
a) 0 =——2>1
@8, =1
If &5 exceeds 1.5, 1
only (b) or (c) (®) 6, = 5P 21
. 1— u o, .

A, first-order relative shall be permitted 0.75%P = 2P is the Sumr‘na.tlon
lateral deflection between . . for all sway-resisting
the top and the bottom of (c) Second-order elastic analysis | | columns in a story

that story due to V.

ke M, = My +8,My; (M, shall not exceed 1.4( My, + M, ) |

~>22 =
2P, total factored r M= Mius + 8,Mps (M, shall not exceed 1.4( M, + M, ) |
vertical load

ke
\Q /| €>0.05 —* <22 |:> M, =M, M, =M,

0 A, "
Ve
/ = ke . 40 =
0<0.05 “< Min| ke M. =M,
V.s horizontal r —-<34+12(M,/M,) [8 shall not exceed 1.4 ]
story shear r
40 (Mo, min = Pu(15 + 0.03h) |

ke , V4
“ > Min _
r " <34+12(M,/M,) E>Mc—5(Mz,Mz,m,-,,)
(\\ Q r \

x
N\

1 ithout t M C
columns without transverse c. =06-04M1 /8$ :

loads between supports 5

columns with transverse C,=1.0

U U loads between supports.

2 &) (ED) 0.4E1,
T =
— A of
% <- % > For nonsway members, k shall F = k)’ AN 1+B,,
Y u
! be permitted to be taken as 1.0 A (02EI +EI)
(El)eﬂ — c"g 57 se
maximum factored 1+B,,
sustained axial load 1l
Bdns = . . . (E]) — (4
maximum factored axial load associated 71+
with the same load combination dns
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W = ratio of Y(El/¢;) of all columns to Y(El/¢) of beams in a plane at one end of a column

£ = span length of of beam measured center to center of joints
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Nonsway frames Sway frames
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Bans shall be the ratio of maximum factored sustained axial

load to maximum factored axial load associated with the
same load combination

Bss = the ratio of maximum factored sustained shear
within a story to the maximum factored shear in that
story associated with the same load combination
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6.6.4.4.4 For noncomposite columns, (EI).s shall be
calculated in accordance with (a), (b), or (c):

04E I
(@ (ED),, = T[sg (6.6.4.4.42)
(02E1, +E]1,)
®) (£, = 146 (6.6.4.4.4b)
EI
© (£, = 1+[”3 (6.6.4.4 4¢)

where Paps shall be the ratio of maximum factored sustained
axial load to maximum factored axial load associated with
the same load combination and I in Eq. (6.6.4.4.4c) is calcu-
lated according to Table 6.6.3.1.1(b) for columns and walls

Table 6.6.3.1.1(b)—Alternative moments of inertia
for elastic analysis at factored load

Alternative value of I for elastic analysis
Member | Minimum 1 Maximum

4 M P
Columns 0.351, [0.80+ 25A—~“] (1 - 0-5—"] 0.8751,

and walls , Ph P,
Beams,
flat plates, b,
and flat | 025k (0.10+ 25p)(1.2 02 ]Ig 0.5,
slabs

Notes: For continuous flexural members, 7 shall be permitted to be taken as the average
of values obtained for the critical positive and negative moment sections. P, and M,
shall be calculated from the load combination under consideration, or the combination
of P, and M, that produces the least value of 1.
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=~ 1+
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(1 + 800 )
EclgEslse oo P, 1+ 0
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6.6.3.1 Factored load analysis

6.6.3.1.1 Moment of inertia and cross-sectional arca
of members shall be calculated in accordance with Tables
6.6.3.1.1(a) or 6.6.3.1.1(b), unless a more rigorous analysis
1s used. If sustained lateral loads are present, I for columns
and walls shall be divided by (1 + B,), where By is the ratio
of maximum factored sustained shear within a story to the
maximum factored shear m that story associated with the
same load combination.

Table 6.6.3.1.1(a)—Moment of inertia and cross-
sectional area permitted for elastic analysis at
factored load level

Moment of Cross-sectional
Member and condition Inertia area

Columns 0.70L,
Uncracked 0.70L,
Cracked 0.351, 1.04,
Beams 0.351,
Flat plates and flat slabs 0.251,

Walls

Table 6.6.3.1.1(b)—Alternative moments of inertia
for elastic analysis at factored load

Alternative value of I for elastic analysis
Member | Minimum ' Maximum

and walls 0.357,

o

umns 4 M P
Col [0.80 +25 —"] (1 ——_ 0.5—"] 0.875I,
4 Ph P

14

Beams,
flat plates,
and flat
slabs

Notes: For continuous flexural members, I shall be permitted to be taken as the average
of values obtained for the critical positive and negative moment sections. P, and M,
shall be calculated from the load combination under consideration, or the combination
of P, and M, that produces the least value of 1.

b
0.251, (0.10+25p) [1 2-02 7”] 1 0.51,
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Max & Max &
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4 .
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e A foo- o
P
P (@) Column. (b) Maximum (e + 8) {c) Maximum (e + &)
(a) Deflected (b) Me. (c) P-5 Moments. occurs between occurs at one
column. the ends of the end of the
column. column.
A
]
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«(Nonsway) s> ko b ojLu» X
O Y SIS e By bys =0T
6.2.5 Slenderness effects shall be permitted to be neglected
if (a) or (b) is satisfied:
(a) For columns not braced against sidesway
ke
£<22 (6.2.5a)
r
M < - M, >. (b) For columns braced against sidesway
My M,
ke,
(\ (\ <34+12(M,/M,) (6.2.5b)
\ \\ r
\ |
\ |
\ / and
'|l /
| ke
! / U< 40 (6.2.5¢)
! | r
\
I:’ ‘\\ where M3/M,; is negative if the column is bent in single
U d curvature, and positive for double curvature.
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6.6.4.4 Stability properties

6.6.4.4.1 The stability index for a story, Q, shall be calcu-
lated by:

Q="tu"e (6.6.4.4.1)

where Y P, and ¥V, are the total factored vertical load and
horizontal story shear, respectively, in the story being eval-
vated, and A, 1s the first-order relative lateral deflection
between the top and the bottom of that story due to V.

6.6.4.3 It shall be permitted to analyze columns and stories
in structures as nonsway frames if (a) or (b) 1s satisficd:

(a) The increase in column end moments due to second-
order cffects does not exceed 5 percent of the first-order
end moments

(b) O in accordance with 6.6.4.4.1 does not exceed 0.05
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6.6.4.5 Moment magnification method: Nonsway frames
6.6.4.5.1 The factored moment used for design of columns
and walls, M, shall be the first-order factored moment M,
amplificd for the cffects of member curvature.

M, =M, (6.6.4.5.1)

6.6.4.5.2 Magnification factor 8 shall be calculated by:

C
§=——"—21.0 6.6.452)
1_ u
0.75P.

6.6.4.5.3 C, shall be in accordance with (a) or (b):

F 1 ith load lied b 6.6.4.4.3 The cffective length factor & shall be calculated
(a) For columns without transverse loads applied between using E, in accordance with 19.2.2 and I in accordance with
supports 6.6.3.1.1. For nonsway members, & shall be permitted to be

M
C. =06- 04? (6.64.53a) taken as 1.0, and for sway members, k shall be at least 1.0.

2

where M,/M is negative if the column is bent in single
curvature, and positive if bent in double curvature. M,
corresponds to the end moment with the lesser absolute

value.
(b) For columns with transverse loads applicd between

supports.

C,=1.0 (6.6.4.5.3b)

6.6.4.5.4 M, in Eq. (6.6.4.5.1) shall be at least M, j;, calcu-
lated according to Eq. (6.6.4.5.4) about each axis separately.

M pin = P15 + 0.03h) (6.6.4.5.4)

If M3 min cxceeds M,, G, shall be taken cqual to 1.0 or
calculated based on the ratio of the calculated end moments
My/M,, using Eq. (6.6.4.5.3a).

Dgu Ayl dals u-‘-’T Jolas> 3
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6.6.4.6 Moment magnification method: Sway frames

6.6.4.6.1 Moments M, and M, at the ends of an individual
column shall be calculated by (a) and (b).

(@) My = My, + 6,M (6.6.4.6.1a)
(b) M; = My, + 5, M, (6.6.4.6.1b)

6.6.4.6.2 The moment magnifier 0, shall be calculated by
(a), (b), or (c). If 8, exceeds 1.5, only (b) or (c) shall be

permitted:
(@) & = % >1 (6.6.4.6.2a)
(b) 8, = ;EP >1 (6.6.4.6.2b)
0.75%P,

(c) Second-order clastic analysis

where ) P, is the summation of all the factored vertical loads
mn a story and ) P, is the summation for all sway-resisting
columns in a story. P, is calculated using Eq. (6.6.4.4.2) with
k dctermined for sway members from 6.6.4.4.3 and (El)e
from 6.6.4.4.4 or 6.6.4.4.5 as appropriate with B, substituted

for Bays.
A0 5yl yow
il pleale 3 ) gai) gade )bl Jobd a3 QY slaggiw (ol 50 0508 1 £9 30 ol 31 1A
2028 po Jos ga 3500 830 Gl Cugar 40 5 )lgeb £a3 phaf il (Y £43)

Ve (A
Y £ai (Y
200 Ll go ) L g S (T
s gie g ypme b Gliee 4 Sy (F
Y oaus
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6.2.3 Methods of analysis permitted by this chapter shall
be (a) through (e):

(@) The simplified method for analysis of continuous
beams and one-way slabs for gravity loads in 6.5

(b) First-order in 6.6

(c) Elastic second-order in 6.7

(d) Inelastic second-order in 6.8

(e) Finite element in 6.9
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Moment Nonlinear second- Elastic second- Moment
Magnification order analysis order analysis Magnification
6.6.4.6 6.8 6.7 6.6.4.5

Total moment including second-order effects < 1.4 times the moments due to

first order effects
6.2.6
Yes No
Design for Revise Structural
Total Moment System
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6.2.6 Unless slenderness effects are neglected as permitted
by 6.2.5, the design of columns, restraining beams, and other
supporting members shall be based on the factored forces
and moments considering second-order effects in accor-
dance with 6.6.4, 6.7, or 6.8. M, including second-order
effects shall not exceed 1.4M,, due to first-order effects.
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maximum factored sustained
shear within a story

Bds =

04E 1

maximum factored story shear associated
with the same load combination

El), =—*%
( )eﬁr ]+Btls
02E 1 +E]1
(El)cﬂ =( c’g s se)
1+Bds

> P, is the summation of all the
factored vertical loads in a story

2
Fory,, >2,k=091+vy,

Fory, <2,k= 20 _(;"“‘ I+

N\ T

A, first-order relative
lateral deflection between

the top and the bottom of

If &, exceeds 1.5,

only (b) or (¢)
shall be permitted 1-

1
Xyp

u

>1

(b) 8, =

(@ 8s=$21 \\

A
> P, is the summation

0.752P, =—

(c) Second-order elastic analysis

for all sway-resisting
columns in a story

that story due to V.

> P, total factored
vertical load

N\ /( ©>0.05
A\
_XPA]
/I/usec
0<0.05

V.s horizontal
story shear

[Ml shall not exceed 1.4( M, + M,;) ]

[M2 shall not exceed 1.4( My,; + M,,) ]

ke Ml = Mlns + SSMIS
l"u >22 M2 = M2ns + 8sM2y
ke
—<22 I:> M1=M1 M2:M2
P2
40
K o Min| we E>Mc=
r B <3a412(M,/M,)
r
40
o o Min| &
r

r

: A
" <34+12(M,/M,) E>Mc O( Mo . Mo min)

M,

[8 shall not exceed 1.4 ]
| Mo, in=P.(15 +0.03h)|

columns without transverse
loads between supports

columns with transverse
loads between supports.

Ml
Cm 206_04V /

2 —

C,=1.0

www.telegram.me/hoseinzadehasl

For nonsway members, k shall
be permitted to be taken as 1.0

maximum factored
sustained axial load

Bdns =

with the same load combination

maximum factored axial load associated

oy QAL
( )Lﬁ 1 + Bdns
_(02E I, +E])
/—%HBdns
] E 1
(El),; =—=
1 + Bdns
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Axial load M-top M-bot
(kN) (kN.m) (kN.m)

D 4710.5 1.37 0.96

L 1061.50 44.44 22.36

E 21.60 5.49 16.90

1.00 1.4D 6594.70 1.92 1.34
2.00 1.2D+1.6L 7351.00 72.75 36.92
3.00 1.2D+.5*L+E 6204.95 29.35 29.23
4.00 1.2D+0.5*L-E 6161.75 18.38 -4.57

L ol plyp iSen aiils )0 lpdgiw (b g 5)970 ;L Egoxe
ZPD = 168169 kN

Z P, = 16240 kN

Z Ver = 19100 kN

35.64 m

9 @ 3.96m

6.7m

Il

5 @ 8.53m =42.65 m
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6.6.4.4 Stability properties

6.6.4.4.1 The stability index for a story, @, shall be calcu-

lated by:
P A
=+ 6.6.4.4.1
Y vt ( )
A, first-order relative where Y P, and V,, are the total factored vertical load and
lateral deflection between horizontal story shear, respectively, in the story being eval-
the top and the bottom of uated, and A, is the first-order relative lateral deflection
that story due to V. between the top and the bottom of that story duc to V.
2P, total factored 6.6.4.3 It shall be permitted to analyze columns and storics
vertical load Sway . . . .
< /1 0>0.05| Instructures as nonsway frames if (a) or (b) is satisfied:
& —
_ZEA; (a) The increase in column end moments due to second-
Pl order cffects does not exceed 5 percent of the first-order
0<0.05 end moments

V.s horizontal Nonsway
story shear

(b) Q in accordance with 6.6.4.4.1 does not exceed 0.05

el 0ol a3 Joa j0 aSen i (6 Il o ail (L8 axbn (o aliise Sledlbl @ axgi L
Z P, = 1.22 Pp + 0.52 P, =1.2x 168169 + 0.5 X 16240 = 209922.8 kN)

s oo 3k Vg = 19100 kN >
alsne S y90 d.Jo A(): 5 mm
alies &0 3b [ = 6700 mm )
P
> Q=-22-00082<005 -  (Nonsway) sus
VU.SlC
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6.2.5 Slenderness effects shall be permitted to be neglected
if (a) or (b) is satisfied:

(a) For columns not braced against sidesway

£<22 (6.2.5a)
”
k% 2 AAZ i Z;:: i gﬁ : (b) For columns braced against sidesway

Sway

ke
0>005 |k, _,, II> Mi=M, MM, T"s34+12(M1/M2) (6.2.5b)
¥

ke 40 and
0<005 | —=< Min| ke |:>ML.=M2
— k
Nonsway | p S SARAAL) b < 40 (6.2.5¢)

r

ke, Mi 40 where M,/M, is negative if the column is bent in single
LM K o, 2AM,IM,) E:>Mc =8(M2. Mymun) | curvature, and positive for double curvature.
-
295 (g0 drmslons B3 (g (6 2V il (398 Laly, J 58
! 0.3 0.3 x 600 =180
—— =35.56
K=1 r
Ssiw 351 Jsb L, = 6400 mm )
o; )9.E.Lc v ).3‘).3 ‘) K )LX&A u‘g.u.n W) )LQ“’ sl o)'l.w otk
sl 0l plxil 3 Jga jo Gl oyl S 5 gl 6 8Y S
M-top | M-bot Min 34+ 1200/4) K,
(kN.m) | (kN.m) | Curvature | M1 M2 n 40 r Slender?
1.4D 1.92 134 double 134 1.92 Min(42.4, 40)=40 35.56 NO

1.2D+1.6L 72.75 36.92 double 36.92 | 72.75 Min(40.09, 40)=40 35.56 NO

1.2D+.5*L+E | 29.35 | 29.23 double 29.23 | 29.35 Min(45.95, 40)=40 35.56 NO

1.2D+0.5*%L-E | 18.38 -4.57 single -4.57 | 18.38 | Min(31.02, 40)=32.02 | 35.56 YES

A ke S aaS 5 50 6,8 Bl 50,5 sk cplpla g all (e ool s 0> 5l i gt 6,8Y e lea LS S 0
|

Kl,
—= 35.56 >32.02 — Slender
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1.2D EI O4Ely 5.6034 x 1013
= : =0.917 eff = -
Bans = 13D T 05L—F 1+ Bans

E =4700,/f;/ = 24870 MPa

L og aalys ply et Sl )b

n2El
, =Tl _ 13502000 N = 13502 kN |
(kLu) Cy
4.57 8ps = — 5 = 1.786
Cu = 0.6+ 0.4 X = = 0.6994 1-—=

P, = 6161.75 kN
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0.4E,1I,
@ (ED, = 1B
dns

_(02EI,+E],)

(a) For columns without transverse C —0.6-04 M,
loads applied between supports T M

2 (b) (EI)eﬁr — 1 s” se
(b) For columns with transverse C.=1.0 +B s
loads applied between supports. EI
(©) (ED), =1 .
+Bdns
LS
p_ " (El),,

5 ¢ (ke,)’

C

=—2">1.
8 — 0 /

0.75P<——""

Mc = 8M2

6.6.4.5.4 M, in Eq. (6.6.4.5.1) shall be at least M} ,,, calcu-
lated according to Eq. (6.6.4.5.4) about each axis separately.

M) pin = P,(15 + 0.03h) (6.6.4.5.4)
If M, pin exceeds M,, C,, shall be taken equal to 1.0 or

calculated based on the ratio of the calculated end moments
M,/M,, using Eq. (6.6.4.5.3a).

b sle S aulxe -f

Axial load M-top M-bot
(kN) (kN.m) (kN.m) M-min | 8,5 | Mu (kN.m)
1 1.4D 6594.70 1.92 1.34 - - 1.92
2 1.2D+1.6L 7351.00 72.75 36.92 - - 72.75
3 | 1.2D+.5*L+E 6204.95 29.35 29.23 - - 29.35
4 | 1.2D+0.5*L-E 6161.75 18.38 -4.57 203.34 | 1.78 362.3

RLIUWEIFSs (R S1 RUVR VA | I BV S PO S
sy b a5l S e e asais wb (sl 4 pe ) K) sad dnwle Sl L8 sloasazg LY L cuS 5 0
il Jlas S5l taS eyl S as 0gs
My, = 18.38
My, = —4.57 M, = 8M,
M, = P,(15 + 0.03Rh) = 6161.75(15 + 0.03 x 600) = 203.34 kN.m
= 1.78 X 203.34 = 362.3 kN.m
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(a) For columns without transverse
loads applied between supports

(b) For columns with transverse
loads applied between supports.

M,
C,=06-04—-
M

2

C,.=10

_ ¢
P
1 u /

(@) (ED) 4 =

(b) (ED), =

(©) (EDy =

ch

1+ Bdns

(0.2E,I, +E,I,)
1 + Bdns

E T

(4

1+Bdns

/

©ke)

2
n’ (EI),,

M, yin= P,(15 +0.03h)

6.6.4.5.4 M, in Eq. (6.6.4.5.1) shall be at least M} ,,, calcu-
lated according to Eq. (6.6.4.5.4) about each axis separately.

If M, pin exceeds M,, C,, shall be taken equal to 1.0 or
calculated based on the ratio of the calculated end moments
M,/M,, using Eq. (6.6.4.5.3a).

(6.6.4.5.4)
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UW 6‘).) ra)y Q)il.».a o )0 ML?LA -e

Mu/bh”2 Mu/bh”2
Pu (kN) Mu (kN.m) Pu/bh (Mpa) | Pu/bh (ksi) (Mpa) (ksi)
6594.70 1.92 18.32 2.62 0.01 0.00
7351.00 72.75 20.42 2.92 0.34 0.05
6204.95 29.35 17.24 2.46 0.14 0.02
6161.75 362.30 17.12 2.45 1.68 0.24
o0,y g oolawl P25 o Kl 5l aSsl 5,8 L
_ 600 — 2 X 62.5 — 07917
V= 600 -
R-4-60-0.75
4.0 .= 4 ksi h
i
ITEEX]
35 olh = 0. blls | 3
o e T o e L
pg=0.05 ] F_e'&
3.0 : N !
:Pg= 04‘ N /h =102 Jy
~ e/ .2
25 Pg— 0.03 N\, \\\ >\; /
S8 | ) SCTX
: AN \C
[ pg= 0.02 N 3\/‘ AN e/h=0.3
? | N | -
ol 201, = 0.01 — \\ \ =
sfs £=0 N¢] N N N elh=04
/ AN N N T A
N N\ N\~ \ T
15 —=J 2\ =7\ elh =05
f, = 0.5f,\ IN<=TT N N[
" NN NN
A\ \ X AN /h =077
b NN
1.0 Comp. Cont. Limit \¢ < - e
A \\ L elh= 1—]
TN SNETIING LD S
/ Tens. Cont. Limit| | /T A —~~1.L\ X \
05—~ A g X S N
/ ////////44/// // /).~ e \
/ //// P g v b Y s }}
T > i ) /| 7/
0 0.1 0.2 0.3 0.4 0.5 06 07 08 0.9 1.0
Mr i
bh?’
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s oo £V osim Jlo )Y

Fe=28 ) .ol aulze 1) o1 sl p3Y Hgile,] Jlake g ales J,uS oo ools sla)b 5l o 1) CL gt ) ojle 5o
(MPa

39.6m

11 (@ 3.6m

W A O o

45m
NG

o m wud mhn mmh

S@ 7.2m =36 m

1iSon ailo ;0 lgiw g o5 olal

500 mm=,.5 5,e 600 MM= 5 elas,l )5 ol

600 X 600 MM : 5 ol

[ = 4500 — 300 = 4200 mm =(4i.b ,STG L.ST) ciSan oygiw Jsb
[ =3600 mm =(aal WSTG WS Jgl dids ygim Jobo

I, = 4500 — 600 = 3900 MM =iSan 5w LAl Jsb

o 0,5 Cels gz o o K Caodle .l 00y asin ) Jgo 10 CL g gl ) oo sies S g (5,97 b

el 0al a8 )5 L po

Axial load M-top M-bot
(kN) (kN.m) (kN.m)

2799 1.37 0.96

L 1328.00 44.44 22.36
EY -217.35 3.00 189.00

1 1.4D 3918.60 1.92 1.34
2 1.2D+1.6L 5483.60 72.75 36.92
3 | 1.2D+0.5L+EY 3805.45 26.87 201.33
4 | 1.2D+0.5L-EY 4240.15 20.87 -176.67
5 0.9D+EY 2301.75 4.23 189.86
6 0.9D-EY 2736.45 -1.77 -188.14

Oy VA) e adils )0 Ldgin (20 9 (55970 b Egoxo
Z P, = 80527.5kN

Z P, = 38959kN

aib o2 mm LI EY ay; Sl o S did s ool e ks @

ol Bl "aie I3 L" ogip cpl lae Lzl YYY
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‘>
ol 28 Bl ystes (g =)
sl 30 9055 oo wgmse (NONSWAY) ooy lgw ddds 0l 0.05 5 2aS Q) (g b Lodil ST ps 0 @ azg b
D9l oo Dgmxe (SWAY) 00l Hloe & yg0 (]

6.6.4.4 Stability properties

6.6.4.4.1 The stability indcx for a story, @, shall be calcu-

lated by:
P A
=—-= 6.6.4.4.1
0 Ve ( )
A, first-order relative where Y P, and V,, arc the total factored vertical load and
lateral deflection between horizontal story shear, respectively, in the story being eval-
the top and the bottom of vated, and A, is the first-order rclative lateral deflection
that story due to V. between the top and the bottom of that story due to V.
2P, total factored 6.6.4.3 It shall be permitted to analyze columns and stories
vertical load Sway . may . .
\\§ 71 0>0.05| Instructures as nonsway frames if (a) or (b) is satisfied:
0= ZRA; (a) The increase in column end moments due to sccond-
Pl order effects does not exceed 5 percent of the first-order
V tori 0<0.05 end moments
us horizontal Nonsway ) .
story shear (b) Q in accordance with 6.6.4.4.1 does not exceed 0.05
el 00l il ) Joa j0 aSen i (g Il o ail (L8 axbn (o aliise Sledlbl @ axgi L
_ R4
Pu-story (kN) [ Ay (mm) | Vu-story (kN) | I, (mm) Q= Vislc
1 1.4D 112738.50 - - 4200 -
2 1.2D+1.6L 158967.40 - - 4200 -
3 | 1.2D+0.5L+EY | 116112.50 21.00 7169.00 4200 0.0810
4 | 1.2D+0.5L-EY 116112.50 21.00 7169.00 4200 0.0810
5 0.9D+EY 72474.75 21.00 7169.00 4200 0.0505
6 0.9D-EY 72474.75 21.00 7169.00 4200 0.0505

o Sgme (SWAY) s0is Lo aSad dids sl sdel vy 0.05 51 2o (Q=0.081) (5 losl moosl 4l 4y a>g5 L

°}“’
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P-delta Sl s a o £95 sy -V

maximum factored sustained 04E I
shear within a story (ED)y =—F+
Bﬂ = N . 1*’Bm
maximum factored story shear associated
with the same load combination (0.2E.1 . TEI se)
(ED, =
1*‘Bm
20 -y
> P, is the summation of all the Forypy <2,k= 23’ VI+¥m _EI
. i (ED) oy =
factored vertical loads in a story | |pory, >2,k= 091+ v, 1+B,,
N\ T
1
(a)as:mm \ P_nz(EI)eﬁr
If 8, exceeds 1.5, | 1 kke, )
= A\ >
only (b) or (<.:) ®) 3, &ZB‘ 21 \
shall be permitted 1- 0.755P = Y'P, is the summation
‘ ] ] for all sway-resisting
(c) Second-order elastic analysis | | columns in a story
ke ” My = My +8,Mys (M, shall not exceed 1.4( My, + M, ) |
> =
r M = Mins + 8My, (M, shall not exceed 1.4( M, + M) |
Sway

0>0.05 | ke,

<22 I$ M]ZMl M2:M2
7

20 g Conl e ol @Y bl jo 15 G Lo CL g o

D (%)wl ~ 0.7 (G)wl_bot + G)wl_mp) B 0.7 ((6240/012) + (6(;0640/:2)>

lptop = 5 (%)beam - 035 (%)beam - 035 (500)(6003/12)

7200
Ypor =1

1

= 8.914 }lpm = 4.957

K = 0.9,/1+ ¥, = 0.9V1 + 4957 = 2.197

r=0.3H = 0.3 X600 =180 mm

K =2.197 —=476>22 o cul sl K wass
S 3131 Jsb I, = 3900 mm r
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Q) 55lal sl ol il wass S abne -

Al . . . & & . — 1 .
3 g algS Dgliie S Wals o pd jlade )b cuS S e Gl cnlpls WS e podd Al gl oS

NG WP VO ESP Ve PR VWA P YN 1 VS PR

M-top | M-bot Milns | M2ns | Mis M2s
(kN.m) | (kN.m) | M1 M2 (kN.m) | (kN.m) | (kN.m) | (kN.m) Q [ Mu
D 1.37 0.96
44.44 | 22.36
EY 3.00 | 189.00
1.4D 1.92 1.34 1.34 1.92| 1.34 1.92 - - - 1.92
1.2D+1.6L | 72.75 | 36.92 | 36.92 72.75| 36.92 | 72.75 - - - 72.75
1.2D+0.5L+E | 26.87 | 201.33 | 26.87| 201.33| 23.87 | 12.33 3.00 | 189.00 | 0.0810|1.09| 217.99
1.2D+0.5L-E | 20.87 | -176.67 | 20.87| -176.67| 23.87 | 12.33 | -3.00 |-189.00 | 0.0810 | 1.09 | -193.32
0.9D+EY 423 | 189.86 | 4.23| 189.86| 1.23 0.86 3.00 | 189.00 | 0.0505 | 1.05 | 199.93
0.9D-EY -1.77 |-188.14 | -1.77| -188.14| 1.23 0.86 -3.00 |[-189.00 | 0.0505|1.05 |-198.20

maximum factored sustained AE,
By = shear within a story (ED),, = —f
ds R . 1+ Bds
maximum factored story shear associated
with the same load combination _(02E I, +E]I,)
(B =——" 5
ds
20-yp,
Y'P, is the summation of all the Forym <2, k= 2: VI+¥m (ED)., = E 1
factored vertical loads in a story | |pory,, >2,k=09T+y,, 7148,
AN T
1
(a) SJZWZI \\ P_nz(EI)eﬂ
— P —2
If & exceeds 1.5, ~N—*kE,)
only (b) or (c) ®) 8, = Sp 21
shall be permitted 1- 0-75;-‘}7 = Zi’c is the summation
‘ . ) for all sway-resisting
(c) Second-order elastic analysis | | columns in a story

ke » My =M+ 8,Mys (M, shall not exceed 1.4( My, + M, ) |
~ > =
r M= Moy + 3, Mo (M, shall not exceed 1.4( My, + M) |
Sway .
[/
Q>005 —<22 I:> M1:M1 M2=M2
»
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ASen daib 3 Y P, jlade awlxe - €
aied ailive lsgin aSl 4 ax 5 b 0gd debrs Ll adS (6 ,8Y Wb aSon ail Slsin o b anulre cg

:M)‘D

0,1 el e LT Y slisly o0 55 S L5 a5 F 5 ) la (ST 0 i85 18 sloigin 5o

% (%)COI _ 0.7 (G)wl_bot + G)wl_mp) 0.7 ((6240/012) + (6030640/:2)>

Yrop = —77 i = 500x6003
2 ! 500x600%/12
2z (L )beam 0.35 (L)beam 0.35 ( 7200 )
Ypor =1 ]
=8.914 }lpm = 4.957
600* \ )
— = 1.08 x 1010 4
Iy =—5~ =1.08x 10" mm
a 0.4EI
_ehede k| b Elyrp = ——2% = 1.0744 x 101
Bas = -~ 0 1+ Bys 7TZEIeff
F b (2R = Ty = 14429 kN
E = 4700,/f] = 24870 MPa ) ¢
K = 0.9/1+ ,, = 0.9V1 + 4957 = 2.197
g o1 Jgb 1, = 3900 mm )

o2l wenl Juate sl Y sliwl) 10 15 9045 Y Y sl ST 0 48,5 )18 sligiw jo

Z (%)col _ 07 (<£)cal—bat * (é)col—tap> 07 <(6(l0240/012) * (6030640/012))

top = EI - 1 1 = 500%x6003/12 = 4457 Y, = 2.73
2(5), 035(;) +035(;)  2x035(25el)
Ypor = 1
600* ) )
Iy =—5 = 108x 101% mm*
; . 0.4E1
el b b Elypr = £ =1.0744 x 101
Bas = - . - 0 1+ Bys 7TzEIeff
F =k (R =y = 23084 kN
E = 4700,/f] = 24870 MPa ) ‘
K =091+, =09vV1 +2.73 = 1.7378
g o1 Jsb 1, = 3900 mm J
Z P. =12 x 14429 + 12 x 23084 = 450156 kN
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ldgiw (2 (bl aidly a0is K aaloes -0

M1ns M2ns M1s M2s Pu-story
(kN.m) (kN.m) | (kN.m) (kN.m) (kN) Pc-story O Mu
1.4D 134 1.92 0.00 0.00 112738.50 4.5038E+05 1.5 1.92
1.2D+1.6L 36.92 72.75 0.00 0.00 158967.40 4.5038E+05 1.89 72.75
1.2D+0.5L+EY 23.87 12.33 3.00 189.00 116112.50 4.5038E+05 1.52 300.33
1.2D+0.5L-EY 23.87 12.33 -3.00 -189.00 116112.50 4.5038E+05 1.52 -275.67
0.9D+EY 1.23 0.86 3.00 189.00 72474.75 4.5038E+05 1.27 241.49
0.9D-EY 1.23 0.86 -3.00 -189.00 72474.75 4.5038E+05 1.27 -239.77
maximum factored sustained AE I
shear within a story (ED),, = —f
Bds = R . 1+ Bds
maximum factored story shear associated
with the same load combination (ED),, = (02E1,+E],)
& 1+ Bds
o . 20- Ym
Y'P, is the summation of all the Forym <2, k=—"""1+¥m (ED)., = E1
factored vertical loads in a story | |gory,, >2,k=09T+y,, 7 1+B s
AN : T
(a) 8x=—021 \\ P_nZ(EI)W
—_ P —2
If & exceeds 1.5, ~N—*kE,)
only (b) or (c) ®) 8, = Sp 21
shall be permitted 1- 0'75;‘}) = Y'P, is the summation
‘ . . for all sway-resisting
(c) Second-order elastic analysis | | columns in a story

0>0.05 Y

www.telegram.me/hoseinzadehasl

[Ml shall not exceed 1.4( My, + M) ]

[M2 shall not exceed 1.4( My,s + M) ]

ke M, =M1ns+83Mls
r” >22 M2 = M2ns + 65M25
ke

7

322 I:> M1:M1 M2=M2
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(a) Story mechanism (b) Intermediate mechanism (c) Beam mechanism
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18.7—Columns of special moment frames
18.7.3 Minimum flexural strength of columns

18.7.3.1 Columns shall satisfy 18.7.3.2 or 18.7.3.3, except 18.7.3.3 1f 18.7.3.2 is not satisfied at a joint, the lateral
at connections where the column is discontinuous above the strength and stiffness of the columns framing into that joint
connection and the column factored axial compressive force shall be ignored when calculating strength and stiffness of

the structure. These columns shall conform to 18.14.
18.7.3.2 The flexural strengths of the columns shall satisfy

e a
> Mo = (6/5)5 My (18.732) Mo+ Mog) 2 2 (M + Mo
where My
>M,. is sum of nominal flexural strengths of columns
framing into the joint, evaluated at the faces of the joint. m
Column flexural strength shall be calculated for the factored 4%

axial force, consistent with the direction of the lateral forces

considered, resulting in the lowest flexural strength.

>M,, is sum of nominal flexural strengths of the beams

framing into the joint, evaluated at the faces of the joint. Mor Cv\ %D Mne

In T-beam construction, where the slab is in tension under

moments at the face of the joint, slab reinforcement within

an effective slab width defined in accordance with 6.3.2 shall

be assumed to contribute to M, if the slab reinforcement is v

developed at the critical section for flexure. u
Flexural strengths shall be summed such that the column

moments oppose the beam moments. Equation (18.7.3.2)

shall be satisfied for beam moments acting in both directions
in the vertical plane of the frame considered.

Mnb

) —loslore

OFw 5 3 pu palie luass JS0I A4S Jyge0 50 o) iy S b aleb S g Ailao Sy Ol Hs -TY
Bilhe (g 5l (phnd ;500 - (5 ama (g S50l 01,500 9 135 KN.m 1 (i 9 Cue)
SIS L S5 g Pp=233KN, Pi=72KkN, Pr= 224KN ;yeim & yigo (5950 S0 9 JSb
S S sl 30 g 4y 5 JUal 59 1€ o il 12D 4L+ E 5 0590

Sl iS50 p15 olast ; Ky plaS &y 59500 (5108, T 50 (5 95e
1.30 (
1.20 v
1.40 (v
1.10 (¢

F: (kN)

A

Oy — ciund 5 alals w)p Bas S ,0 a3b o s Cwglie (GIFdEr) Mg g cygiw  cies Casglie MC
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18.4—[Intermediate moment frames ]

18.4.4(Joints ]

18.4.4.1 Beam-column joints shall satisfy the detailing require-

ments of [15.3.1.2, 15.3.1.3) and 18.4.4.2 through 18.4.4.5.
/25.7.2 Ties

15.3.1.2 Joint transverse reinforcement shall consist of / 25.7.2.3 Rectilinear ties shall be arranged to satisty (a)
ties, spirals, or hoops satisfying the requirements of] and (b):
for ties, 25.7.3 for spirals, and 25.7.4 for hoops. (a) Every corner and alternate longitudinal bar shall have
lateral support provided by the corner of a tie with an
15.3.1.3 At least two layers of horizontal transverse rein- included angle of not more than 135 degrees
forcement shall be provided within the depth of the shal- (b) No unsupported bar shall be farther than 150 mm clear
lowest beam framing into the joint. on each side along the tie from a laterally supported bar

— 18.4.3.3 At both ends of the column, hoops shall be provided
at spacing s, over a length £, measured from the joint face.
Spacing s, shall not exceed the least of (a) through (c):

18.4.4.4 Spacing of joint transverse reinforcemenys shall
not exceed the lesser of 18.4.3.3(a) through (cyWithin the
height of the deepest beam framing into the joint.

(a) For Grade 60, the smaller of 84}, of the smallest longi-
tudinal bar enclosed and 8 in.

(b) For Grade 80, the smaller of 6d}, of the smallest longi-
tudinal bar enclosed and 6 in.

(c) One-half of the smallest cross-sectional dimension of
the column

<50 mm

18.4.4.3 Longitudinal reinforcement terminated in a
joint shall extend to the far face of the joint core and shall
be developed in tension in accordance with 18.8.5 and in
compression in accordance with 25.4.9.

4\

{b) Hooked reinforcement
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shear members do not cover at
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21.2.4.3 For beam-column joints and diagonally reinforced
coupling beams, ¢ for shear shall be 0.85.
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24.2—Deflections due to service-level gravity

loads
24.2.3 Calculation of immediate deflections

24.2.3.5 For nonprestressed members, unless obtained by a
more comprehensive analysis, effective moment of inertia, I,
shall be calculated in accordance with Table 24.2.3.5 using;:

I
M, = sl (24.2.3.5)
W
Table 24.2.3.5—Effective moment of inertia, 7,
Service moment Effective moment of inertia, Ie,/ln."_—\\
M, < Q/3)M,, I, / (a) . it
[ : :
I [
Mo> (3)M, 1_[(2/3)% ]2(1_ 1, ] ® S P
a [g

24.2.3.6 For continuous one-way slabs and beams, 7, shall
be permitted to be taken as the average of values obtained
from Table 24.2.3.5 for the critical positive and negative
moment sections.

(Go55 5 o9 polate (y9as) e obsS a3 dmslome -V
24.2.3 Calculation of immediate deflections

24.2.3.1 Immediate deflections shall be calculated using
methods or formulas for elastic deflections, considering
effects of cracking and reinforcement on member stiffness.
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24.2.4 Calculation of time-dependent deflections
24.2.4.1 Nonprestressed members

24.2.4.1.1 Unless obtained from a more comprehensive
analysis, additional time-dependent deflection resulting
from creep and shrinkage of flexural members shall be
calculated as the product of the immediate deflection caused
by sustained load and the factor A,

_
1+50p’

(24.2.4.1.1)

A

24.2.4.1.2 In Eq. (24.2.4.1.1), p’ shall be calculated at
midspan for simple and continuous spans, and at the support
for cantilevers.

24.2.4.1.3 In Eq. (24.2.4.1.1), values of the time-depen-

dent factor for sustained loads, &, shall be in accordance with
Table 24.2.4.1.3.

Table 24.2.4.1.3—Time-dependent factor for
sustained loads

Sustained load duration, months Time-dependent factor &
3 1.0
6 1.2
12 1.4
60 or more 2.0
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CHAPTER 9—BEAMS

9.3—Design limits
9.3.1 Minimum beam depth

9.3.1.1 For nonprestressed beams not supporting or
attached to partitions or other construction likely to be
damaged by large deflections, overall beam depth 4 shall
satisfy the limits in Table 9.3.1.1, unless the calculated
deflection limits of 9.3.2 are satisfied.

Table 9.3.1.1—Minimum depth of nonprestressed
beams

CHAPTER 7—ONE-WAY SLABS

7.3—Design limits
7.3.1 Minimum slab thickness

7.3.1.1 For solid nonprestressed slabs not supporting
or attached to partitions or other construction likely to be
damaged by large deflections, overall slab thickness / shall
not be less than the limits in Table 7.3.1.1, unless the calcu-
lated deflection limits of 7.3.2 are satisfied.
Table 7.3.1.1—Minimum thickness of solid
nonprestressed one-way slabs

Support condition Minimum A" Support condition Minimum A"l
Simply supported £/16 Simply supported €20
One end continuous €/18.5 One end continuous /24
Both ends continuous €21 Both ends continuous 1128
Cantilever /8 Cantilever £/10

IMExpressions applicable for normalweight concrete and f, = 420 MPa For other
cases, minimum /4 shall be modified in accordance with 9.3.1.1.1 through 9.3.1.1.3,
as appropriate.

9.3.1.1.1 For f; other than 420 MPa, the expressions in
Table 9.3.1.1 shall be multiplied by (0.4 + £,/700).

NExpression applicable for normalweight concrete and f;, = 420 MPa For other
cases, minimum # shall be modified in accordance with 7.3.1.1.1 through 7.3.1.1.3,
as appropriate.

7.3.1.1.1 For f; other than 420 MPa, the expressions in
Table 7.3.1.1 shall be multiplied by (0.4 + £,/700).
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Figure 10-4 Minimum Thickness of Slabs without Interior Beams (Grade 60 Reinforcement)
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Fig. R8.4.1.8  Ixamples of the portion of slab to be included
with the beam under 8.4.1.8.
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CHAPTER 7—ONE-WAY SLABS

7.6—Reinforcement limits

7.6.1 []\/[inimum flexural reinforcement] in nonprestressed
slabs

7.6.1.1 A minimum area of flexural reinforcement, A i,
of 0.00184, shall be provided.

R7.6—Reinforcement limits

R7.6.1 Minimum flexural reinforcement in nonprestressed
slabs

R7.6.1.1 The required area of deformed or welded wire
reinforcement used as minimum flexural reinforcement
is the same as provided for shrinkage and temperature in
24.4.3.2. However, whereas shrinkage and temperature rein-
forcement is permitted to be distributed between the two
faces of the slab as deemed appropriate for specific condi-
tions, minimum flexural reinforcement should be placed as
close as practicable to the face of the concrete in tension due
to applied loads.

CHAPTER 8—TWO-WAY SLABS

8.6—Reinforcement limits

8.6.1 [Minimum Sflexural reinforcemenl]i n nonprestressed
slabs

8.6.1.1 A minimum area of flexural reinforcement, A,
of 0.00184,, or as defined in 8.6.1.2, shall be provided near
the tension face of the slab in the direction of the span under
consideration.

R8.6—Reinforcement limits

R8.6.1 Minimum flexural reinforcement in nonprestressed
slabs

R8.6.1.1 The required area of deformed or welded wire
reinforcement used as minimum flexural reinforcement is
the same as that required for shrinkage and temperature in
24.4.3.2. However, whereas shrinkage and temperature rein-
forcement is permitted to be distributed between the two
faces of the slab as deemed appropriate for specific condi-
tions, minimum flexural reinforcement should be placed as
close as practicable to the face of the concrete in tension due
to applied loads.
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CHAPTER 24—SERVICEABILITY

24.4—Shrinkage and temperature reinforcement
24.4.1 Reinforcement to resist shrinkage and temperature

stresses [shall be provided in one-way slabs)in the direction

perpendicular to the flexural reinforcement in accordance

with 24.4.3 or 24.4.4.
24.4.3 Nonprestressed reinforcement

24.4.3.2 The ratio of deformed shrinkage and temperature
reinforcement area to gross concrete area shall be greater

than or equal to(0.0018.
24.4.3.3 The spacing of deformed shrinkage and tempera-

ture reinforcement shall not exceed the lesser of 54 and 18 in.
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CHAPTER 7—ONE-WAY SLABS

V, < 0.5¢V,

7.6—Reinforcement limits
7.6.3 Minimum shear reinforcement

7.6.3.1 A minimum area of shear reinforcement, A, min,
shall be provided in all regions where V,, > ¢ V.. For precast
prestressed hollow-core slabs with untopped /2 > 12.5 in.,
Ay, min shall be provided in all regions where V, > 0.5¢ V.

CHAPTER 10—COLUMNS

10.6—Reinforcement limits
10.6.2 Minimum shear reinforcement

10.6.2.1 A minimum area of shear reinforcement, A, min,
shall be provided in all regions where V, > 0.5¢V..
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CHAPTER 9—BEAMS
9.6—Reinforcement limits

9.6.3 Minimum shear reinforcement

9.6.3.1 A minimum area of shear reinforcement, A, pin,
shall be provided in all regions where V, > 0.5¢V, except
for the cases in Table 9.6.3.1. For these cases, at least A, pin
shall be provided where V, > ¢V..

Table 9.6.3.1—Cases where A, i, is not required if
0.5¢V. <V, <oV,

Beam type Conditions
Shallow depth h < 250 mm
h < greater of 2.5t0r 0.5b,,
Integral with slab and
h <600 mm
Constructed with steel fiber-reinforced
normalweight concrete conforming to gniGOO mm
26.4.1.5.1(a), 26.4.2.2(d), and 26.12.5.1(a 5
and withff')s 42 MPa( ) @ Y.< ¢2‘/T”b”’d
One-way joist system In accordance with 9.8
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4
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Y oans
L,L? 1.2x0.6+1.6%x0.4) x4 x(6—0.4)>
0x=q“82 n_( 8) ( ) o 2132tonm > MF=035M,,
=7.46t.m.

Gulal2 (12X 0.6+ 1.6 X 0.4) X 6 X (4 — 0.4)?
oy =g T 8

=132ton.m - My = 0.35M,,
=4.62t.m.

www.telegram.me/hoseinzadehasl ~ www.instagram.com/masoud_hoseinzadeh_asl ! wlds "ais ;53 L o3> ol e Jlazl  Fe ¥

www.hoseinzadeh.net


file:///C:/University/tadris/concrete1/www.instagram.com/masoud_hoseinzadeh_asl
http://www.hoseinzadeh.net/

Jolea G b9, ¥+ -

Q

)
JSo

Slab-Beam <>/Column Above

K3

Torsional
Member, Kiq

Slab-Beam

ch

N
KColumn Below

Equivalent Frame Members

www.telegram.me/hoseinzadehasl ~ www.instagram.com/masoud_hoseinzadeh_asl ! wlds "ais ;53 L ogi> ol e Jlazl T O

www.hoseinzadeh.net


file:///C:/University/tadris/concrete1/www.instagram.com/masoud_hoseinzadeh_asl
http://www.hoseinzadeh.net/

L1 oLoos Laslgud) ¥+ -
ldls oS5 Lags-¥)
s (sl adgS o o =)=

8.7.3 Corner restraint in slabs R8.7.3 Corner restraint in slabs

8.7.3.1 At cxterior corners of slabs supported by edge R8.7.3.1 Unrestrained corners of two-way slabs tend
walls or where one or more edge beams have a value of as lift when loaded. If this lifting tendency is restrained by ed;
greater than 1.0, reinforcement at top and bottom of slab walls or beams, bending moments result in the slab. Tt

shall be designed to resist M, per unit width due to corner section requires reinforcement to resist these moments ai
effects equal to the maximum positive M,, per unit width in control cracking. Reinforcement provided for flexure in 1
the slab panel. primary directions may be used to satisfy this requireme

Refer to Fig. R8.7.3.1.
8.7.3.1.1 Factored moment due to corner effects, M,,, shall
be assumed to be about an axis perpendicular to the diag- Liong

onal from the corner in the top of the slab and about an axis ! (LLong)/5
parallel to the diagonal from the corner in the bottom of the l |
slab. ! i
) 1 E— —2
8.7.3.1.2 Reinforcement shall be provided for a distance in l B-1 E
cach direction from the corner equal to one-fifth the longer , As top per 8.7.3 iy
Span. ! As bottom per 8.7.3 : é
o~ ~
8.7.3.1.3 Rcinforcement shall be placed parallel to the I n'::
diagonal in the top of the slab and perpendicular to the diag- i :
onal in the bottom of the slab. Alternatively, reinforcement '
shall be placed in two layers parallel to the sides of the slab E— T T T T q T
in both the top and bottom of the slab. OPTION 1 :
) LLong
! (Liong)/5
| |
) 1 E— —2
l B-1 g
i )
! As per 8.7.3 : ;:
] top and bottom Ny ~
. o,
| |
OPTION 2

Notes:
1. Applies where B-1 or B-2 has as >1.0

2. Max. bar spacing 2h, where h = slab thickness.
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22.6.4 Critical sections for two-way members

22.6.4.1 For two-way shear, critical sections shall be

located so that the perimeter b, is a minimum but need not
be closer than d/2 to (a) and (b):

(a) Edges or corners of columns, concentrated loads, or
reaction areas

(b) Changes in slab or footing thickness, such as edges of
capitals, drop panels, or shear caps

22.6.4.1.2 For a circular or regular polygon-shaped
column, critical sections for two-way shear in accordance
with 22.6.4.1(a) and (b) shall be permitted to be defined

assuming a square column of equivalent area.

Dgls

I
1
1
1
1
1
1
J

\//, )
, 7 p=a_"
an, / bn
,, /\
, /7
2 ’

Critical
section

y \’/\ (22.6.4.1)
‘7 Effective

7/
—2 . load area

4
L— - = - = -~ —Actual load area

Fig. R22.6.5.2 Value of B for a nonrectangular loaded
area.
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FIGURE 129 Two-way or punching shear.
C1+d/2 +d/2
—t
[~
: I C24d/2 +d/2
I |
___
b0= 2xC1+2xC2+4d
c1
b0=C1+C2+d
S
I C2+d/2
|
I
f—t
f—t C1+d/2
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22.6—Two-way shear strength

22.6.1.2 Nominal shear strength for two-way members
|without shear reinforcement]shall be calculated by

Vo=V (22.6.1.2)

22.6.1.3 Nominal shear strength for two-way members
[with shear reinforcement] shall be calculated by

v, =V, + v (22.6.1.3)
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22.6.5 Two-way shear strength provided by concrete in
members[withoul‘ shear reinforcement ]

22.6.5.1 For nonprestressed two-way members, v, shall
be calculated in accordance with 22.6.5.2.

Table 22.6.5.2—v, for two-way members without
shear reinforcement

v,

ve=0.33004/17 (a)

=0.17| 1 A A
Least of (a), (b), and (c): e [ * j \/_ ®)

VCZO.083[ O;‘d]x @

o

Notes:

S R
‘ 1+0.004-d

f is the ratio of long to short sides of the column, concentrated load, or reaction area.

22.6.5.3 The value of ay is 40 for interior columns, 30 for
edge columns, and 20 for corner columns.

CHAPTER 13—FOUNDATIONS
13.2.6 Design criteria

13.2.6.2 For one-way shallow foundations, two-way
isolated footings, or two-way combined footings and mat
foundations, it is permissible to neglect the size effect factor
specified in 22.5 for one-way shear strength and 22.6 for
two-way shear strength.

2 (G sile,l eay) a8k 55 5 Cosglie il A =1 5 ails S (i aSl (0,8 L (39 slo oy 4y azgi Ly

L ogs vl

0.33
)2
0. 17 ) , 2
| Min| |T50004d | X V/Febod
i 2)) 1
2292 M‘s? 25 Lrge & B8 akaly g 0098 oYl oyl Jlesl b (g 0 s
0.33

( 2

0.17 (1 +2

V. = wMtnI
I
\

0083(

) ] /
B f¢bod
0.083 ( 0 >0< + 2)

D ool pyas 5l wb b cwglie Giulidl Co SOy )guj 3leslawl &g 4o

oV = pMin
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22.6—Two-way shear strength

22.6.6 Two-way shear strength provided by concrete in
members [wz'th shear reinforcement]

22.6.6.1 For two-way members with shear reinforcement,

v, at critical sections shall be calculated in accordance with
Table 22.6.6.1.

Table 22.6.6.1—v, for two-way members with shear

reinforcement
Type of shear Critical
reinforcement sections v,
Stirrups All 0172 A1 (a)
0250 A1 (b)
0.33
According to Least of (0-17 + —J 7»57»\/70' (©
Headed 22.64.1 ®). (), B
shear stud and (d):
reinforcement o.d
0.083 2+b; ML | (@)
According to
0.17 i’
22,642 AAE ©

Notes:

A = |—2— <10
‘ 14+0.004-d

B is the ratio of long to short sides of the column, concentrated load, or reaction area.

22.6.5.3 The value of ay is 40 for interior columns, 30 for
edge columns, and 20 for corner columns.

22.6.6.2 It shall be permitted to take A as 1.0 if (a) or (b)
is satisfied:

(a) Stirrups are designed and detailed in accordance with

8.7.6 and A,/s >0.17[ £/ b, /f;.

(b) Smooth headed shear stud reinforcement with stud

shaft length not exceeding 250 mm is designed and
detailed in accordance with 8.7.7 and A4, /s > 0.17 \/Z’ bylfyr.

solys (S ple)T L) )b 9 (b Cuoglie il A= 15wl S (% 4] (258 b o398 lo sy s a2 b

f 2
PV = @V + @V = ¢ x 017 x Min| |T370.004q | X Vfibod + ¢V

1

L> Qy

g wals p5 O)ge @ alaly 5 03ss o3 ple oy Jlesl B (g 55 o
OV = @V, + @V, = @ X 0.17 X \[f/bod + @V,
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22.6.6.3 For two-way members [VVith shear reinforcement,}
effective depth shall be selected such that v, calculated at
critical sections does not exceed the values in Table 22.6.6.3.

Table 22.6.6.3—Maximum v, for two-way members
with shear reinforcement

Maximum v, at critical sections
Type of shear reinforcement defined in 22.6.4.1
Stirrups $0.5 \/70, (a)
Headed shear stud ;
reinforcement $0.66 \/7" (b)

b ogr wmlym ply (o5 ,5le,l L) adyb 5o (o caaglie al ol

’ 2
oV, —Min< vlet ol >—Min(‘pxo'17XMi” 1+0.004d | X Vfbod + 0V
n— =

00.5,/f.bod 1
00.5,/f.bod
g oy 5 Oygo 4 ddal) g 005 p3Y Bl oo Jlel B (o 50 g
V. + oV, X 0.17 X \/f!bod + @V;
ot im0 (X037 <o )
0 \/f—c 0 @O0. 5\/fb0
U Slowle

U 550 alold U g plice (gudayame b g yud (ygv 4dyb 90 JI0 b 4oyl s lesslr S 40 =Y

180 1o yigo Cuoldts 457590055 (330 6 pilp S 93,0 50 ;Rasy 51 Loygaw 3550

SOMS L g o 393l0,T 51 9 C25 (%t £93 e e 400X400 Liigiuw adafio Slasl « yin shoe

90 Ok os (gly oy gniole’ s 31 Ve s polie (o1 (69 w5 Ol 00lS solisw] (o
Fouwl JiS035 23 y20lie 51 G plaS ar (Jlas (g SO 59, JIo 43,0

460 (¥ 540 (Y 690 (Y - 814 (\
¥ oans
0.33
0. 17 ) , 2
Qe = ‘PM‘”I le ‘Il+0.004d X /fbod
IKO 083( +2>)I 1
( 0.33 \
017(1+2>—051 2
= ¢Min ' I Min| (T35 0004x180 078 |Vfibod
0083(40X 180+2) = 0.42
' 2320 o 1

= ¢0.33,/f/bod = 0.75 X 0.33 x 1 X V25 x 2320 x 180 = 516780 N = 517 kN
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OVewith stirrup = @ X 0.17 X f¢bod + @Vs
L el ol @l (G Hele,l ST (Ghse 5o G a8l 95 By Caaslie
0.33

0.17 (1 + %)

ag X d
0.083 ( + 2)
by
0.33

2
(pVC—NO stirrup 0.17 (1 + E)

Jfibyd

OVe_no stirrup — pMin

OVe_witn stirrup ay X d

b, T 2))

0.33 cuyo 395 adg)S yoll w51l S5 BT 0o 4 (0 L) IS Fge Bos 9 23L @ye g ghaile o5 ()90 50
PV c—No stirrup =92

k0.083 (

IRWARTPES Shgo ol 5o 0g dalgs JBlas
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[ 998 g0d JA0 (ygim a3 JI9 31 gloads Jolae

1338 (¢ 1020 (v 950 (Y 703 O

ol ple Wb (o0 B hal 4 (D (Sh i Saeglie (b 0 Shee 933 L (398 londgi 4 4z g L

635
@V = @V + @V = —= +703 = 1020.5 kN

el plo il o B835KN il @V, = 00.33\/f/bod Jloie aSil 4 a3 b g, 51,3 00.5/fbod 3 ssls 385 ;i
i Sl 2l OV sl Jse3 JB e 2STae
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_ 0.17(1 +—)
650 mm ——] V. = pMin B >/ f/bod
0083(“0Xd+2>
' by )
0.33 \
017<1+2) = 0.51
0083(20X500+2) = 0.8
k ' 1300 I,

= 00.33,/f/bod = 0.75 x 0.33 X V25 x 1300 x 500 = 804375 N = 804 kN
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‘ 2 5350 (¥
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by = (400 +500) x 2+ 1100+ 1100 + 500 = 4500mm

( 0.33
0.17 (1 + 2)
oV, = pMin . B }\/ﬁbod
0083<a°Xd+2)
by )
0.33
2

= (pMin{ 0'17<1 +I) =051 &0.6\/Eb0d

lo 083 (30 x 1100 + 2) =0 77J
' 4500 o

= ¢0.33,/f/bod = 0.75 X 0.33 x V25 x 4500 x 1100 = 6125625N = 6125 kN
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Fig. 16-9 Direct Shear and Moment Transfer
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(@) Transfer of unbalanced moments to column.

(b) Shear stresses due to Vy,

Y (Myy — Mug) €
Je

(¢} Shear due to unbalanced moment.

~

&

{d} Total shear strasses.
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(a) Critical perimeter of an interior column.
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b, 2 5
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CAB T d + byd

bd® dbi b, 2
Jo=|——+—+Bd)| 5 —¢ + (bod)c5
: lu Lt bd) 2 las | | + (bad)chs
(c ) Critical shear perimeter of corner column.
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9.7—Reinforcement detailing

9.7.2.3 For nonprestressed and Class C prestressed beams
with A exceeding 900 mm, longitudinal skin reinforcement
shall be uniformly distributed on both side faces of the beam
for a distance A/2 from the tension face. Spacing of skin rein-
forcement shall not exceed s given in 24.3.2, where c, is the
clear cover from the skin reinforcement to the side face. It
shall be permitted to include skin reinforcement in strength
calculations if a strain compatibility analysis is made.

S oolawl 43¢5 o Xl 51 b 900 mm |

R9.7.2.3 For relatively deep beams, some reinforcement

www.telegram.me/hoseinzadehasl

should be placed near the vertical faces of the tension zone
to control cracking in the web (Frantz and Breen 1980;
Frosch 2002), as shown in Fig. R9.7.2.3. Without such auxil-
iary reinforcement, the width of the cracks in the web may
exceed the crack widths at the level of the flexural tension
reinforcement.

The size of the skin reinforcement is not specified,;
research has indicated that the spacing rather than bar size
is of primary importance (Frosch 2002). Bar sizes No. 10
to No. 16, or welded wire reinforcement with a minimum
area of 210 mm? per meter of depth, are typically provided.

Reinforcement in tension,
negative bending

e | 3 R
s
S |2
s
= Skin reinforcement——
s
h I~ 4 i o h -
! s
I ¥
A s
i B hi2
)
s
Reinforcement in tension,
positive bending

Fig. R9.7.2.3—Skin reinforcement for beams and joists with
h > 900 mm.
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13.3.3 Two-way isolated footings

13.3.3.1 The design and detailing of two-way isolated
footings shall be in accordance with this section and the
applicable provisions of Chapter 7 and Chapter 8.

13.3.3.2 In square two-way footings, reinforcement shall
be distributed uniformly across entire width of footing in
both directions.

13.3.3.3 In rectangular footings, reinforcement shall be
distributed in accordance with (a) and (b):

(a) Reinforcement in the long direction shall be distributed
uniformly across entire width of footing.

(b) For reinforcement in the short direction, a portion of
the total reinforcement, y,A4,, shall be distributed uniformly
over a band width equal to the length of short side of
footing, centered on centerline of column or pedestal.
Remainder of reinforcement required in the short direc-
tion, (1 — y,)A,, shall be distributed uniformly outside the
center band width of footing, where vy 1s calculated by:

2
(B+1)

Y, = (13.33.3)

where P is the ratio of long to short side of footing.
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14.4.3 Footings

14.4.3.1 General

14.4.3.1.1 For footings supporting circular or regular
polygon-shaped concrete columns or pedestals, it shall be

permitted to assume a square section of equivalent area for
determining critical sections.
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Table 5.3.1—Load combinations

Primary
Load combination Equation load
U=14D (5.3.1a) D <=
U=12D+1.6L+0.5(L,or SorR) (5.3.1b) L ‘
U=12D+1.6(L,orSorR)+(1.0Lor0.5W) | (5.3.1c) | L,orSorR
U=12D+1.0W+1.0L+0.5(L,orSorR) | (5.3.1d)
U=12D+1.0E+1.0L+0.2S (5.3.1¢) E <=
U=09D+1.0W (5.3.19) /4
U=0.9D+ 1.0E (5.3.1g) E

14D = 1.4 x (6.0357) = 8.45 kN
¢, = Max 1.2D + 1.6L = (1.2 X 6.0357) + (1.6 x 2) = 10.44 kPa — 10514

kN
12D + L+ EV = (1.2 X 6.0357) + (1 x 2) + (1.2675) = 10.51—
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9.8—Nonprestressed one-way joist systems
9.8.1 General

9.8.1.1 Nonprestressed one-way joist construction consists
of a monolithic combination of regularly spaced ribs and a

top slab designed to span in one direction.

9.8.1.2 Width of ribs shall be at least 100 mm at any loca-

tion along the depth.

9.8.1.3 Overall depth of ribs shall not exceed 3.5 times the

minimum width.

9.8.1.4 Clear spacing between ribs shall not exceed 750 mm.

o 4z 5 (ain olayl J s V-V F

9.8.3.1 If fillers not complying with 9.8.2.1 or removable
forms are used, slab thickness shall be at least the greater of
one-twelfth the clear distance between ribs and 50 mm.
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CHAPTER 14—PLAIN CONCRETE
14.5.2 Flexure

14.5.2.1 M, shall be the lesser of Eq. (14.5.2.1a) calcu-
lated at the tension face and Eq. (14.5.2.1b) calculated at the
compression face:

M, = 0421178, (14.5.2.1a)
M, =0.85(S,, (14.5.2.1b)

where §,, is the corresponding elastic section modulus.

:t = 50mm; S, = 500 mm; f; = 20 MPa 4yl (6,8 L JUo (glp

7.357 x 0.52
W= = 023 kN.m
0.23 <0.47 OK.
1000 x 502
oM, = 0.6 X 0.42V20 X — % - 469574 N.mm = 0.47 kN.m
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9.8.1.7 Reinforcement perpendicular to the ribs shall be
provided in the slab as required for flexure, considering
load concentrations, and shall be at least that required for
shrinkage and temperature in accordance with 24.4.
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.\)il,}n)’l O B Gro b cuwl i (plpln  cunsd o 1ol ) .))iljg.n Caedgo @il (h92 .3)S 6dlakwl
(3905 duwloo 8 axiuo) aluo yué ghie Jolg) (wlwl p 1) ghts Coglio widb 6315 )l)8
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39 S 114mm sleyl b 13.35kN 35yatio )b gy
410 GARAGE LOADS

4.10.1 Passenger Vehicle Garages. Floors in garages or
portions of a building used for the storage of motor vehicles
shall be designed for the uniformly distributed live loads of
Table 4.3-1 or the following concentrated load: (1) for garages
restricted to passenger vehicles accommodating not more than
nine passengers, 3,000 Ib (13.35 kN) acting on an area of 4.5 in.
by 4.5 in. (114 mm by 114 mm); and (2) for mechanical parking
structures without slab or deck that are used for storing passenger
vehicles only, 2,250 b (10 kN) per wheel.

1l auno yaé 0 @L Ui J8S L abaily )3 ACIE318-19 ) bgyye 5 40y
CHAPTER 14—PLAIN CONCRETE
14.5—Design strength

14.5.5 Shear
14.5.5.1 V, shall be calculated in accordance with Table 14.4.3.4 Factored two-way shear
14.5.5.1. 14.4.3.4.1 For two-way shear, critical sections shall be
Table 14.5.5.1—Nominal shear strength located so that the perimeter b, is a minimum but need not
Shear action Nominal shear strength V, be closer than A/2 to (a) through (¢):
(a) Location defined in Table 14.4.3.2.1
One-way 0113/, (@) (b) Face of concentrated loads or reaction areas
, m (c) Changes in footing thickness
- . 0.11[1+ Bjk\/zl%h ® Table 21.2.1—Strength reduction factors ¢
wo-way | Lesser of:
. Action or structural element ) Exceptions
0'22;“/7”17”}1 © @) ‘ Plain concrete elements 0.60 —

1118 is the ratio of long side to short side of concentrated load or reaction area.

P, = 1.6Live < @V, = ¢ X 0.22 X 1\/f/boh
1335 %X 1.6 < 0.6 X 0.22 X 1 x v20(4 x (114 + 50)) x 50

2136 kN <1936 kN  Not Good

AL a0 S SISl > Spate )b gl @k ViR KBS 55wl ff = 20MPa 65 L GBlw 5 Gk 1> Glawlie
:h=60 mMm cwolsus UO)Q L Oluwl=o )I)Su
21.36 < 0.6 X 0.22 x 1 X vV20(4 x (114 + 60)) x 60 = 24.65 kN 0K

9 o3laswl SiuS)b (505 (g1 h=80 MM Cuolus J8las cuwl o3id duogs OFY dyydiv )> e
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24.4—Shrinkage and temperature reinforcement

24.4.1 Reinforcement to resist shrinkage and temperature
stresses shall be provided in one-way slabs in the direction
perpendicular to the flexural reinforcement in accordance
with 24.4.3 or 24.4.4.

24.4.3 Nonprestressed reinforcement

24.4.3.1 Deformed reinforcement to resist shrinkage and

24.4.3.2 The ratio of deformed shrinkage and temperature
reinforcement area to gross concrete area shall be greater
than or equal to 0.0018.

24.4.3.3 The spacing of deformed shrinkage and temper-
ature reinforcement shall not exceed the lesser of 5k and
450 mm.

temperature stresses shall conform to Table 20.2.2.4(a) and
shall be in accordance with 24.4.3.2 through 24.4.3.5.

Table 20.2.2.4(a)—Nonprestressed deformed reinforcement

Maximum Applicable ASTM specification
value of f, or
[y permitted Welded
for design Deformed Welded wire deformed
Usage Application calculations, MPa Deformed bars wires reinforcement | bar mats
‘ o Spec;‘il1 Ifnneosmcnt 550
Flexure; axial | Special scismic A706[1 Not permitted | Not permitted N(?t
force; and systems Special structural permitted
. 1 690
Shrinkage and walls!
emperature
Other sopuiea | ACTSATH6 A9, A9%6. | A1064, A1022 | A1064,AI022 | Algat

)8 e3laiusl pj 3)lge I plgine )y Sl Hgilo)T (gl (@98 J9az g 3 Gilko @
a5 o
JasT @ o
o3lw @uw jl 0aub dislw (wig> S ©
ez laT el o
g jlre )l g @bl 3)8Mie plgic @ (2T ) el ygile)T I eslaiul Gg8 Jogaz Gilhao oS 39ib azgs @
1p6@ 250mm - p = ﬂ
50 x 250 ’ ) )
aS Cdld 4265 b e Wl (5o 88 W)ly> g Cdl Hgilo)l hlgic 4 196@ 250mm 4ol (ol Hb5 jl a=)S
Adb (500 39290 HlasT 963,Kw g Jdbb HlasT Bb Oyl ¢ cdl (o) Shw
g odlaiwl 198@ 250mm | cuwl yig (ol blad & (plplo

= 0.00226 > 0.0018 OK

dlold yiSlas (plplo . 3bL (o JId Cwlius h a5 Aib ;0 5h o)lys g sl LsL%b,Slm/ 0w dlold Slas e
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ol Bl "ae I3 L" agip opl lae Lzl FFA

www.hoseinzadeh.net

www.telegram.me/hoseinzadehasl www.instagram.com/masoud_hoseinzadeh_asl



file:///C:/University/tadris/concrete1/www.instagram.com/masoud_hoseinzadeh_asl
http://www.hoseinzadeh.net/

Sob 4z i (S F-

b h=50 mm oo Jls celss St
SLle s il bl jlas alol STas
dge M'j’ Smax=250 mm J"tJ"

\
S

< Min(5h, 450 mm)

35 515 Gl o Jhs o g > Ko ST
S eslans!

)l (lo3)Slio ¢yn dbold b 600 MM b azys GuST B GuST dlold )SI G99 JSuiv )> )51 aS 394 a>g5 @
jlowe dbold ,iSlas aSls )3 b dolgs 300 MM ply (o a2y G 3,8k S5 jl sslasiwl (16,8 L) W)l
Aolae 250 mm ply 50 mm JIs (glp

www.telegram.me/hoseinzadehasl ~ www.instagram.com/masoud_hoseinzadeh_asl ol wlodl "aie ;S8 L" o9y ol lae Jaxl  FFQ

www.hoseinzadeh.net


file:///C:/University/tadris/concrete1/www.instagram.com/masoud_hoseinzadeh_asl
http://www.hoseinzadeh.net/

Sob 4z i (S F-

VA LSLQ)ijO)—‘ Colo -Y-YY
1L 3 WlgB plp a3 0 5 3)lg )S bl (50 0.7M 42,5 3S)0 B S5y aold aSipl 4y azg5 b

_ (0.7 xq,) x7.5% (0.7 X 10.51) X 7.52

= 51.73 kN.
u 3 3 51.73 kN.m

(JS T ghiio 46)8 b g doyus o )3 2 X 916 3,5 dac g3 jl aslaswl (6,8 L

d=300—-20—-8=272mm

Af(F) 804 %400

- = = 27.02
@ = (0857 700 % 0.85 x 20 _ 2702 mm < 50 mm

s a 27.02
M, = AF, (277 - E) = 804 x 300 X (277 - T) = 63.55 kN.m

M, = 5658 <09 XM, =572kN.m OK.
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9.8—Nonprestressed one-way joist systems

9.8.1.5 V. shall be permitted to be taken as 1.1 times the
value calculated in 22.5.

X07x(L-—2x%xd 10.51 X 0.7 X (7.5 -2 % 0.272
y, = I 2( ) _ (2 ) _ 2559 kN

11XV, =11x ¢ x0.17 x \/f/b,d = 1.1 X 0.75 x 0.17 X V20 x (200 x 272) = 34.12 kN

W < Llel + ¢V;

2559 <3412+ 9V, - s pjV (54, 95lo)T (Sluwloe Blod 4

d(Sina + Cosa) 273(0.95 + 0.28)
oV, = 0.75 X Avffyt = 0.75 X (2 x 31.70) X 150 300 = 31.9kN
0.35b,,s
Ay_min = = 35mm? < 2 x31.70 0K
y
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ACI209 5, wlol p 585 15 acwlxe -T-YO
BEAM ) ,.5 ghiie 83,95 Syi (zsyinl (ylao b abayl) 53 SAFE eluslos 30300 ¢yl 000 605 plodl (gl uwyy
Crawd (pl jd Cpo e 4 diblue Uas (chls 0,55 )18 ghide L )3 JiiS ,U a5 (¢3)lge ;5 (ELEMENT
Cawl 00 Sl s 1S Siwd Sluwlow
QUS 55 9 ACI-209 @0 by &3l 5 g (5395 )5 51 (5 JSib yuasS aswlone cag> SAFE )8l o5 @2yo @
Adlue () Keo g Ghali aikgs " Concrete Structures Stresses and Deformations, Third Edition”

7.5M tazy5 Job
2X P16 b 4z 5l SO o (St 3,8
A X P14 4z 5l plaS o (5Bgd 5)Se

S300 :(Job >Vgd 63,  C20::y 63,

2014 — T

T

27

e - D =3.0357 o 4205 (i &poyio ()9
o P SD+P =377 (S a5t (glmdS ()9
14 14 L=2X 10355 )b

m

(Mer) (33)35 5,5 S amolone )
ab by o 5 Ly ;0 wae e 9 I Wl ud samlxe Y-Y-14-4

Ip (ygn oyl olow V-14-1 Jgur

g S Ie y3o oyl plow
2 I
M, < §Mcr 9
2 Ier
My >=M,, 2 \? ,
3 _ (3 _ler
=) 730

64.]44‘) U"L'*" = 9 099 ('-_]a.a.n ;0)5_5 J)_'J' ‘smn.’)indr d-14-14 Jgd«? jaa.‘g) 5o
D9 o0 dwlme (V-14-3)

frl

Mer = 2 (1-14-4)
T

fr = 0.622yf¢ (0-¥-4)

E; oy gdmmain¥! Jogoo £-Y-4
205@.5 d....ul?bc (u—Y—\”—“) Lﬂ 9 (U!._J‘—Y—v—ﬂ) ‘SA_.IQJ) 99 )‘ u_i)‘ )l U‘}':(_s—“ ‘) Oy A M| JjA_A ‘—9—‘.‘—*
caSe yo p p)S ohS YO g VFFe o We o JBS L sl il co o -

E. = 0.043w}>/f! (AN -Y-Y-1)

129 (oo dibgs p) DHpe 4 wwaSe Jlo p @ FekS VYoo (JBo b Jyere lo o lp 38 Ak, -

E. = 4700y f/ (o-Y-¥-9)
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_700><50><25+250x200><175

1= 700 x 50 + 250 x 200 = 113.23 mm
700 x 503 , . 200 x 250° ,
Iy =——;—+700x 50(113.23 — 25)2 + —; — +200x 250(175 — 113.23)% = 730943630 mm"4
600 mm fil, 0.62v/20 x 730.9436 x 10°
" =—== = 10.85165 kN.
Somm{ — {Y Ty, 300 — 113.23 m
250 mm
100 mm
(lcr) glio 63)95 S)5 Lyl Hlas dwlze -V
700 mm

d=272mm

2x10°

n=———==9.515
4700420
nd; = 9.515 X 2 X (2 X ¢16) = 7652.5 mm?
(n — 1A, = 8.515 x (2914 + ¢8) = 3050 mm?
Y.
(500 x 50) x (Y, — 25) + (200 x Y,) x 72 43050 x (Y — 23) = 7652.5 X (277 — Y,)
Y, = 66.469 mm

500 x 50° 200 X Y3
I, = —1 + (50 X 500) X (Y, — 25)2 + ———2 + nA,(d — Y,)2 + (n — 1)AL(Y, — d')?
= 412.7275 x 10® mm*
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4z i Ju J S Y e
ooy Job 53 42505 31 3)lg )b Hlade amsloe =T
Do (0 0y JUe ¢pl yd

(o= 0) dgdine Jlacl (gl o) yué lahd Juasl j| a2 (gain 4225 g (gjw &S 63)0 )b JS
(B =0.25) 3L (0 (2315 035) )b 40y YO 394 (10 ()6)8 dibl (50 (S95umn 85w ()5 4ol 4 a>65 b

(633c Cuwl (San 85w (¢35 g 2l 155 0 divn .l 034 451yl (10,9 (il (gl (eIl o )i g o dob (ol )d
Do ai8,S )55 55 3ylge (ol (¢l duoyd oo U oy yao (s

ojwyué lehd Juasl 5l (o (gjlw S 8350 ;L 3403 Voo @S (16,9 @ilgs (50 @S Jac (luabl Cags ;3 @olgs S|
g (50 Jlael (dl

Apead = 3 0357 :;—1\2]

— QSDead+anrt == 3k—1\2I
A= (CASE1-CASE2)+(CASE3-CASE4) m

kN
Qrive = 2 W

[-\»5\{@0.7mh4>~:3 Alw\é]

CASE2 / CASE1

6.536kN/m? XO.7(m= 4.575 kN/m‘ 8.036kN/m? x 0.7m=5.625 kN/m
A A A A
(Go 7 O 1> slasl (57~ oj.s:) oL IS
D+SD+P+g L (without creep) D+SD+P+L (without creep)
s0bs7 U N sobs7 | N2
3 025 ' 3
CASE4 : CASES \
3.0357kN/m?x 0.7m=2.125kN/m 6.536kN/m? x@0.7m= 4.575 kN/m
A A A A
&l o3lu e Ql::hédl..,a.ﬂ)'l‘_}é (W d b)) dls sbab
(Jslola¥)
D+ oc(SD+P) (with 3month creep) /D+@jﬂ+ﬂ K (With Syear creep)
N 3.0357 2
3.0357 3 3 02
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creep coefficient = (t, ty)=

(5so) GJIKJL? ol

10+(p)*°

G5 @az 9 403> @ boye loyiehlh amloe -F
351 b g5 WS )90 4y ACI-209 U»ul 25 Sl

0.6
O

(pu=235 (v

[ Yoy Yy - Yos - Vs Yy - Yo

—— (&g

35+ 1/
/(Ssh)u=780)d%’ysh

Yy Tes Vs Vg Ve V|

Shrinkage strain =(¢ )=

(5so) 63‘5)\-.’ ol

|shy

Loading age =7 days ==>y, =1
Loading age > 7 days ==> yl ‘=1 25(t, )o-118

e 2R
ol !

d;}”ﬁ&eﬂﬂ )Ylao'}lw

Relative humidity in percent

= 40 percent ==> y =1
A > 40 percent ==> y =1.27-0.00674

Size effect :
szz% (1+1.13 exp(-0.0213 V/S))

L
V=(bh)L

V=(bt+hb_ )L
S=(2b+2h)L

h  S=(2b+2(t+h))L

@Ved slump inwannD

Slump: vs=0.82+0.00264s

by weight expressed as percentage

Fine aggregate percentage:; yT=O,88+O.0024‘I’

Ratio of the fine aggreg;te to total aggregate

Moist cured during a period of 7 days ==> Ve =1

Table 2.5.3 Shrinkage Correction Factors
for Initial Moist Curing

Moist curing durationm,

Shrinkage Ycp
days

.2

.1
.0
.9
.8

¥R nw—
OO mmm
-1

.7

Relative humidity in percent 20 '3"’ At
40<4<80 => y,=1.4-0.01024, (. Jjj:j
80<4 <100==> v7,=3-0.0304 e

L IO SR W) VR I AR FPEO0S gghydaic*ea I

Size effect : 7,=1.2 (exp(-0.00472 V/S))

Slump: ys=0.89+0.041s

Ratio of the ﬁnezggreg;c;?o total aggrevg@

by weight expressed as percentage

<50 percent ==>y,,=0.3+0.014¥
#>50 percent ==>1v,,=0.9+0.002¥

(Cement content in kg/m3)

Cement content: ¥.=0.75+0.00061¢”

@r content in percelll)

Air content: yg=0.46+0.090{ >1

(air content in percent )

Air content: 77=0.95+0.008¢, >1

5eo v = 6,80 g3 obes
Lo,y fe=lon s cosh
700

V  (bt+hb )L
501 | S =rawh)L

250

_700x50+250x200
T 2x700+2x300

200
creep:
Yoz (111.13 exp(-0.0213 V/S))=1
Shrinkage:

7,s=1.2 (exp(-0.00472 V/S))=1

S =>7=1
FS=>y=1

P ==>77]
Pp ==> T~

=42.5 mm

==Y, 1

(t=oo); & wﬂ

fficient = (t, to) 0,
creep coefficient = (t, ty)=——————Pu
P AT
L) P e (@
(t=0) 77 2.35=2.35
o 10+(c0)%6
0.6
(t=90) %7~ C"“’ 0) ——2.35-1.4
asle v 10+(90)
Shrinkage strain =(¢ _ )= : (CION
sh’t 35+t

()
_ 780x10-6=780x106
Sde o 35+(c0)
e OO ggpc0e-s2xi0s
aalo v 35+(90)
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CASEL jl il S s duloe -0

CASE1
8.036kN/m? x 0.7m=5.625 kN/m
JAY A

(7 0s0) b Js

D+SD+P+L (without creep)
b7 1
3.0357 3 2

YAD a=ao Concrete Structures Stresses and Deformations, Third Edition wUS )> 8.4 JUo wlie Giusw ¢l Oluwlow
LS a22l)0 (Slol &y0 4 ki Glebl gl wlgive laie Ve . Cawl didg)

ql? 5625 % 7.57

M, = ? T = 39.5508 kN.m _, <Mcr>2 _ (10.85165)2 — 0.9247
M, = 10.85165 kN.m §¢=1-8 M, 39.5508 )
B=1

| edls
:@hio (1395 )i pac 6yd b CASEL )b wan ghio (glisdl duwlowo

E. = 470020 = 21019
E.I = 21019 x 730943630 = 1.53637 x 103 N.mm?

STAT1: (t,) = M,  39.5508 x 10°
© ) = = Te3637 x 101

1
=25743 x 107 —
mm
Y cdle

:@hiio (13)95 )5 pac 468 b CASEL )b cus ghiie (glicol duwlow
E. = 470020 = 21019
E.l, = 21019 x 412.7275 x 10® = 0.867512 x 103 N.mm?

STAT?2: (to,) = Mo _ 395508x10° _ 4559 x 1076 !
) =Fr = oge7siax 10m  F mm

Yol adle o (2L pyy»

¥ =€ X Pa(to) + (1= i () = 0.9247 X 4559 X 107° + 0.0753 x 2.5743 X 107° = 440955 X 1076 —

yiaS 5 Lzl g 639y yiaS 03 3)lg S )50 blds ) lakwe . a3ue (HLis Ma cusd 1) (05 Joawg )3 Lol §gd ,lade
HL S Jadomwgs s S el SLY 36lad) 3l JSib (sagu Oy @ 45 Job ) Lisdl lypues aSiul (6,8 L .l

5 5
Acaser= Bpyspspi= g WL* = 75X 440955 X 107° x 7500° = 25.83720703 mm
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CASE2 jl il S s duwlone -5

) CASE2 .
6.536kN/m?x0.7m=4.575 kN/m
A A

(L5 75 Oa) 10 slasl
D+SD+P+SL (without creep)

3.0357 BJ/ 025

\ J

YAD a=ao Concrete Structures Stresses and Deformations, Third Edition US> 8.4 JUe alive (idu ¢l Olwlow
LS a22l)y0 (Slol &>)0 4 ki leMbl (gl wlgive laie aS)e | Cawl didg)

ql? 4575 x 7.5°

M,, = 10.85165 kN.m M, 32.168 '
B=1

FOA[ES
:@hiio (13)95 )5 pac 468 b CASEL )b cus ghiie (glicol duwloe
E. = 4700v20 = 21019

E.I = 21019 x 730943630 = 1.53637 X 10 N.mm?

STAT1: _ Mo _ 32168x 10" 00 _ 2.09377 x 10~¢ !
bt = T = Te3a3rx 108 - & % mm

Y edls

:@hio (13)55 )5 pde 46,8 b CASEL )b sl ghis (Lol duwloe
E. = 4700v20 = 21019
E.l., = 21019 x 412.7275 x 10° = 0.867512 x 10'® N.mm?

STAT?2: (to) = Mg 32168x10° _ 3.708 x 107° !
) = = 067 x 100 mm

Yol adle o (2L oy

1
=& X to) + (1= i () = 0.8862 x 3.708 X 107 + 0.1138 x 2.09377 x 107 = 3.524 x 1076 —

yiaS 5 Lol g 639y yiaS 03 3)lg )5 )50 blds 5 lakwe . ad3ue ()Lid Ma cusd 1) (05 Joawg )3 Lisol §gd lade
)b S Juatopwgs 5 S el SL Jilas) JbL JSib agu ©)90 @ x5 Jab )3 Lzl Ol aSigl (6,8 L .l

5 5
Acasg2= Apisprozs.(No creep, No Shrinkage) = EIIJLZ =78 x 3.5243 x 107° x 75002 = 20.65 mm
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CASE3 jl il JSib juuss daloe -V

CASE3
6.536kN/m? x0.7m=4.575 kN/m
<>
Iy A

D+SD+P+pL  (with Syear creep)

4
2
3.0357 3¢ L,

YAD a=ao Concrete Structures Stresses and Deformations, Third Edition ©US > 8.4 JUe alive (iadu ¢l Olwlow
LS a22l)y0 (Slol &>)0 4 ki leMbl (gl wlgive laie aS)e | Cawl didg)

(63)920 ghio (6)9) | Cll>
(O:b_o.o 09> QS)J Pc Uo)s L 82_0.,0 5Lzl duwloo

ol Olgine .l oads HB) Bro 3, Sl )il I luabl gz )5 (o loj )3) 83,950 Sy ghite Gladuio duwls )
D PL’;.‘)I L&b.\)iLg.n olwis! b I) OSluwl=o

E. =4700v20 = 21019
E ., = 21019 x 730943630 = 1.53637 x 10'* N.mm?
700 x 50 x 25 + 250 x 200 x 175

Yyl = = 113.2
1(e=0) 700 x 50 + 250 x 200 3.23 mm
700 x 503 , 200 x 2503 ,
ey = 55— + 700 x 50(113.23 — 25)% + —————— + 200 x 250(175 — 113.23)? = 730943630 mm"4

M, 32.168 x 10°
= 2.09377 x 1076

STATEL: Wie=0 = 51 = 153637 x 10 mm

:0loj )35 51 G (i diwiwY] Jgae duslxe
Age adjusted modulus of elasticity of concrete:

creep coef ficient = ¢(t, t,) = 2.35 E
=08 Ee(t,to) = 1+ y X cree Ccoefficient = 7298.277 MPa
E, = 470020 = 21019 X p

_ E 200000 274
n=— = = .
E.(t,t,) 7298.277
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((&hio (53,95 S)5 pac 46)5 L) ) Cdlo )3 (loj )35 1 Huo 4L JoasS ghie Glasuive dwlw

(-1DA's 700 mm
50 mm IW

250 mm
(n-1)As

_ E; 200000
200 mm n=

E.(t,ty) 7298277
(n— 1A, = 264 X 2 X (2 X ¢16) = 21235.14 mm?
(n—1)A, = 26.4 x (2914 + @8) = 9456.27 mm?

. _ 700 X 50 X 25 +250 x 200 X 175 + 21235.14 X 277 + 945627 X 23 __
1e=e) = 700 X 50 + 250 X 200 + 21235.14 + 9456.27 - ooemm

L t=w0)
700 x 503 200 x 2503

= 5+ 700 X 50 x (135.92 — 25)% + ——————+200 x 250(175 — 135.92 )"

+21235.14 x (277 — 135.92)% + 9456.27 x (135.92 — 23)? = 1317915499 mm*4

(3,800 90) V > )3 (i @l jSy0 duwle

_ 700 X 50 X 25 +250 X 200 X 175 = A; X 277 — Ay X 23 _ o o
= 700 X 50 + 250 x 200 — 4, — A} - Lrebaremm
700 mm
50 mm |

Ty g tb ol plp a8l a5 03)950 5,5 ghaite alaw 350 9 03955 S5 () haw jSye Silis

Yor = Yi(t=w) = 112.0498 — 135.92 = —23.87 mm

250 mm
200 mm
[cl
700 x 503 200 x 2503
=—;—+700x 50 x (135.92 — 25)% + —; T 200 x250(175 - 135.92 )2 — A, X (277 — 135.92)2
— AL x (135.92 — 23)? = 754105084 mm*
Agq =700 X 50 + 200 X 250 — A; — Ay = 83837.611 mm?
s len 754105084 — 8994830341 )
"=y, T 83837611 mm
:(Concrete Structures Stresses and Deformations, Third Edition GUS )5 3.18 akly) lisol GiadlS o s duwlxe
I, 754105084 0.572195323
Iy 1317915499
Creep Coef ficient = ¢(t,t,) = 2.35
¥, (to) = 2.09377 x 10~
£0(to) =, () X (Yi(t=o0) = Yage=0y) = 2.09377 X 1076 x (135.92 — 113.23) = 4.751 x 1075 ¢
YCl - Yl(t=00) = —23.87
1
r3 == = 8994.830341
Acy
£cs(t, t) = —0.00078
Yoo —Yi(=w Yer = Vi(t=w
Ay =k [¢(t' to) <¢1(to) + &0(to) Cf“) + &c5(t o) Cf(t)
Ta Te1
= 0.572195323 [2 35x (2 09377 x 107° + 4.751 x 107° i) -0 00078ﬂ] =3.83027 x 107
e ' ' ' 8994.830341 ‘ 8994.830341] 7
Il)l(t:oo) = 1/)1(t:o) + Ay, = 2.09377 % 107 + 3.83027 x 107 = 5.92403 x 10~
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2 s
@hiio (53)95 )5 48y b 9 (150) (loj > ghatie (gLl
700 mm y
2xP14 | Y 2 x 105 9515
m 4700v20
‘ ndg = 9.515 x 2 X (2 X ¢16) = 7652.5 mm?
2x 2916 | (n— 1A, = 8.515 x (2914 + ¢8) = 3050 mm?

Y.
(500 X 50) X (¥, — 25) + (200 X ¥;) X == + 3050 X (¥ = 23) = 76525 x (277 — ;)
Yz(t=0) = 66.4’69 mm

500 X 503 200 x Y
L=y = —5— + (50 X 500) x (¥, = 25)* + TZ +nd,(d —Y,)? + (n— DALY, — d')?
= 412.7275 x 106 mm*

E.lp(=0y = 21019 X 412.7275 x 10° = 0.867512 x 10'3 N.mm?

M, 32.168 x 10°

STATE?: 1/J2(t=o) = E = m = 3.708 x 10_6 %
ghiio (33,95 S5 058 b
700 mm e
x4 | =Y
d=272mm
| E 200000
2x[2¢16 | n = = 274

TE.(tt) 7298277
(WA, = 27.4 % 2 % (2 X ¢16) = 22039.3847 mm?
(n — DA, = 26.4 x (2014 + ¢8) = 9456.27 mm?

Y.
(500 x 50) x (¥, — 25) + (200 X ¥,) X 72 +9456.27 x (Y, — 23) = 22039.3847 x (277 — Y,)
Yy(t—eoy = 103.8739119 mm

500 x 503 200 X Y
—57— * (50 X 500) x (¥, — 25)* + % +nd,(d —Y,)% + (n — DALY, — d')?

= 957.8824 x 10® mm*

2(t=00) =

(3)8e 99) O @law Sye dswlona
500 X 50 X 25 + 66.469 X 200 X “22 — A{ x 23
Yoo = 500 X 50 + 66.469 X 200 — A} = 27.904mm
700 mm i
Y2
50 mm AR
250 mm | |
! |
200 mm

bl ply Al o35 635950 S5 ghto alaw (S § 03)955 )5 () dlaw jSye SIS
Yoo = Vo(t=oo) = 27.904 — 103.8739 = —75.969 mm

500 x 503
="z

+ 200 X 66.469 X (103.8739 -

+ 500 x 50 x (103.8739 — 25)% +
+ 200 x 66.4693 66.469

12

2
) — A% x (103.8739 — 23)2 = 229.622 X 106 mm*

A, =500 X 50 + 200 X 66.469 — A = 37935.656 mm?

, I 229622783

=2 CEet R 6052.95 mm?
T2 = g = 37935.656 mn
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:(Concrete Structures Stresses and Deformations, Third Edition GUS > 3.18 akl)) lisol GiadlS o s dwlxe

I, 229.622 x 108

" Dye—ey 957.8824 x 106

Creep Coef ficient = ¢(t,t,) = 2.35
Y, (t,) = 3.708 x 107°

e0(to) =P, eg) X (Ya(t=ooy — Ya(e=0y) = 3.708 X 107° x (103.87 — 66.469) = 0.00013868 ¢

Y — Ya(t=oo) = —75.969

, Iz 229622 x10°

T2 = ) = 737935656
e.4(t, ty) = —0.00078

K = 0.2397

= 6052.95

Yo — Vi Yo = YVifomen
Ay, =k, [d’(t. to) <¢z(to) + &(t) 1Tl(t)> + &.5(t, to) 171“)]

cl cl

—75.969

—75.969
— _6 - Z0co ot
= 0.2397 [2.35 X (3.708 x 107° + 0.00013868 ) 0.00078 6052.95

— -6
6052.95 ] =3455x10

1/)2(t=oo) = lpz(t:o) + Ay, = 3.708 x 1076 + 3.455 x 107® = 7.16307E — 06

Yol adle o (2L pyy»

ql? 4575 x 7.5

M, = B8 - 8§ = 32.168 kN.m 4 (MCT)Z 105 (10.85165)2 _ 0.9431
M, = 10.85165 kN.m §=1-6 M,) ~ “\ 32168 /]
B =05
& =0.9431
W(meoy = 7-16307 x 10°
Wm0y = 5:92403 X 107°

Y = & X Pagemany + (1 = OPaemo) = 0.9431 X 7.16307 x 10° + 0.0569 X 5.92403 X 107° = 7.09257 X 107° —

)b S Juatopwgs 55 )5 el SL Jiilas) 3bL JSib agu ©)90 @ 35 Jab 53 Lzl Ol aSigl 16,8 L .l

5 5
Acasps= ApisprozsL(including Long term creep & shrinkage) = @wLZ =28 % 7.09257 x 107¢ x 75002
= 41.558 mm
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CASE3 jl il S s duwlooe -A
CASE4

3.0357kN/m?x 0.7m=2.125kN/m

& ol i Siladas Jlasl 3 LS
(J)1 ola Y')
D+a(SD+P) (with 3month creep)

“\
3.0357 3
VAL a=éo Concrete Structures Stresses and Deformations, Third Edition wUS > 8.4 U wlive (iadu ¢l wlwlsw

(63)920 ghio (6)9) ) Cll>
8b_0.n 09> QS)J e UO)Q L &b_o.o L5U:>j| A l=o

ol Olgine .l oads HB) Byo 3, Sho )il 5l luabl gz )5 (o loj )3) 83)950 Sy ghite Glakuio duwl=s >
NN |ol.?j| LQ).\)iL{uo olwis! b I) Olwl=e

E. = 470020 = 21019
E I, = 21019 x 730943630 = 1.53637 x 103 N.mm?
700 x 50 x 25 4+ 250 x 200 x 175

Yy (oegy = —113.23
1(e=0) 700 x 50 + 250 X 200 mm
700 X 503 , 200 x 250° ,
ey = 55— + 700 x 50(113.23 - 25)% + ——-——+ 200 x 250(175 — 113.23)? = 730943630 mm"4

M, 14.941 x 10° 1
=9725%x 1077 —

STATEL: ¥i¢=0) = %7 = 153637 x 1013 mm

:0loj )35 1 G o diwiwY! Jgde duslxe

Age adjusted modulus of elasticity of concrete:

creep coef ficient = ¢(t, t;) = 1.4 E
x =08 Ec(t, to) = 14 y X cree Ccoefficient = 9914.6 MPa
E, = 470020 = 21019 N p

_ E 200000 20,17
n=— = = .
E.(t, ty) 9914.6
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(ghie )95 )5 pas 088 L) ) o )3 (loj )35 I Gy 4L Jaas ghie Glatie awloe
(n-DA's 700 mm
50 mm ]Y1
250 mm - E, 200000

= = =20.17
(n-1)As E.(t,t,) 9914.6

200 mm
N — 1A, =19.17 x 2 X (2 X ¢@16) = 15419.19 mm?

(n—1)A, = 19.17 x (2914 + ¢8) = 6866.36 mm?

, _ 700 X 50 x 25 + 250 X 200 x 175 + 15419.19 X 277 + 686636 X 23 _ .
Lt=0) = 700 x 50 + 250 x 200 + 15419.19 + 6866.36 T LeLmm

I (t=c0)

700 x 503 200 x 2503
= +700x50x% (131 —25)2 + ————— 4200 x 250(175 — 131)? + 15419.19 X (277 — 131)2

12 12
+ 6866.36 X (131 — 23)% = 1166532940 mm"4

(3,800 9902) V> ) (i @l jSye duwle

_ 700 x 50 X 25 + 250 X 200 X 175 — Ag X 277 — A} X 23

= 112.0498
1 700 x 50 + 250 x 200 — A, — 4] i

50 mm |

{Yd 1L Gl ply didly A 63950 S5 ghie pdaw (Sye g 63,950 S)3 (b adaw Sye SIS
250 mm Yer — Yigr=oo) = 112.0498 — 131 = —18.946 mm

200 mm

700 x 503 200 x 2503
= +700x%50x (131 —25)2 + ————— 4200 X 250(175 — 131)? — A, X (277 — 131)?

12 12
— AL x (131 — 23)2 = 736436813 mm*

Agy =700 x 50 + 200 x 250 — A, — A’ = 83837.611 mm?
o _la 736436813 . o,
T =y T 83837611 oo MM

:(Concrete Structures Stresses and Deformations, Third Edition GLUS )3 3.18 aal)y) bisol LialS o pd duwle

_Iq 736436813 0.6313
T I—w) 1166532940
Creep Coef ficient = ¢(t, ty) = 1.4
P, (ty) = 9.725 x 1077
€0(to) =Py peg) X (Yy(t=wo) — Yage=oy) = 9-725 X 1077 x (131 — 113.23) = 1.7281 x 1075

YCl - Yl(t:oo) = _18946

I
r2 =L = 8784.09
Acl
e0s(t, tp) = —0.000562

Yoy = Yigimor Yoi = YVitime
A, =k [¢(t, to) <1/)1(t0) + £(to) 1Tl(t)> + &.5(t, to) 171&)]

cl cl

—18.946
= 0.6313 [1.4 X (9.725 x 1077 + 1.7281 x 1075 —)

0.000562 _18'946] = 1.5918 x 1076
8784.09 ' 784.09]

8

Yy o) = Prgemgy + D, = 9.725 X 1077 + 15918 X 1076 = 2.564 X 107
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2 el
:@hio (53)95 S5 )8)8 L g (150) oy y3 ghie (gLl
700 mm L
2xP14 | Y 2 x 105 9515
o 470020
‘ nd, = 9.515 x 2 X (2 X ¢16) = 7652.5 mm?
2x[2016 |

(n— 1A, = 8.515 x (2014 + ¢8) = 3050 mm?
Y.
(500 X 50) X (¥, — 25) + (200 X ¥;) X == + 3050 X (¥ = 23) = 76525 x (277 — ;)
Yz(t=0) = 66.4’69 mm

500 x 503 200 x Y3
L=y = —7 —+ (50 X 500) X (¥, — 25)% + ———2 + nA,(d — ¥,)? + (n — 1)AL(Y, — d')?
= 412.7275 x 10 mm*
E Iyt=0) = 21019 x 412.7275 x 10° = 0.867512 x 10’3 N.mm?
STATE?2: _ My 14941x10° 1.722 x 1076
P WPae=0) = Fr T 0867512 x 107 - m
1@hde (53)95 S)5 )68 L
700 mm e
x4 | =Y
d=272mm
' E 2
ST S B _ 00000

— = = 20.17
E.(t,t,) 9914.6

(WA = 20.17 X 2 X (2 X ¢16) = 16223 mm?
(n— 1A, = 19.17 X (214 + ¢8) = 6866 mm?

Y.
(500 x 50) X (¥, — 25) + (200 X V;) X == + 6866 X (¥, = 23) = 16223 X (277 ~ ¥;)
Y2(t=oo) =92.09mm
500 x 503

L 200 x ¥} , , N
Iagemeny = g + (50 X 500) X (¥, = 25)% + ———=+ nd(d = 1,)? + (n = DALY, — d)
= 757.28 x 106 mm?*
(3,800 g92) 2 @law jSye ol
500 X 50 X 25 + 66.469 X 200 X “":69 — A, %23
Y., = = 27.904
€2 500 x 50 + 66.469 x 200 — A, mm
700 mm )
50 mm YCZ YZ(t:o)
250 mm | I
| |
200 mm

Ll ply diL JoawS 635920 S5 ghto alaw jS)e § 63)955 S)5 ()b dlaw jSye SIS
Yoo = Ya(t=c0) = 27.904 — 92.09 = —64.188 mm

500 x 503
leo =5 +500 X 50 x (92.09 —25)* +
200 X 66.4693 66.469\°
+ T, + 200 X 66.469 x (92.09 - ) — AL % (92.09 — 23)2 = 166.98 X 10° mm*

Ay =500 X 50 + 200 X 66.469 — A, = 37935.656 mm?
, I, 166.98x 10°

=2 = 270" T 4401.713 mm?
T2 = g = 737935656 mm
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:(Concrete Structures Stresses and Deformations, Third Edition GUS )5 3.18 akl)) lisol GiaolS o s dwlxe

Iy 166.98x10° 02205 \
" Lgewy 757.28Xx106
Creep Coef ficient = ¢(t, ty) = 1.4
P, (tp) = 1.722 x 107°
e0(to) =P, egy X (Ya(t=wo) — Ya(e=0y) = 1.722 X 1076 x (92.09 — 66.469) = 4.412 x 1075 ¢
YCZ - YZ(L’:OO) = —64.188
, Iz 16698 x10°

=2 o 2270 4401
T2 = g = 737935656

£.5(t, tg) = —0.000562 )

K3

Yo = Vigoon Yot = Vi
AP, = 1, [qb(t. to) <¢z(to) + so(to)cf(tv + £t tg) D
rcl rcl
—64.188

) 0.000562 —2*188
4401 :

= 0. 4 x| 1. x 107° ) x 1073 _—
02205[14 (1722 107° +4.412 x 10 2201

] =2.1401 x 107°

W, tcoy = Waremgy + AW, = 1.722 X 1076 + 2.1401 x 107° = 3.862 X 107°

Yol adle o (2L pyy»

ql?  2.125x 7.5

M, = B - 8 = 14941 kN.m _, (MCT)Z 105 (10.85165)2 0736
M., = 10.85165 kN.m §=1-8 M,) — "7\ 14941 ) "~
B =05
£=10.736
Y, tmey = 3862 X 1076
V,emgy = 2:564 X 107

P = § X Pagemany + (1 = a0y = 0.736 X 3.862 X 107° +0.264 X 2564 X 107° =3.52x 107° —

yiaS 5 Lol g 639y yiaS 03 3)lg )5 )50 blds 5 lakwe . ad3ue (HLid Ma cusd 1) (05 Joawg )3 Lol §gd lade
)b S Juatopwgs 5 S el SL lao) Wbl JSib agu ©)90 @ 35 Jab ) Lzl ©laass aSigl 6,8 L .l

5 5
Acaspa= Ap(including 3 month creep & shrinkage) = @wLZ =285 3.52 x 107° x 75002 = 20.625 mm
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L

833) )Ly 0 ya3 <
1S (505 dloul Cawl (gl ojlw jué wilehd )5 b JSib Hus aSul (6,9 L
Acaser= Apisprps.( No creep, No Shrinkage) = 25.83720703 mm
Acasg2= Apisptozst, (No creep, No Shrinkage) = 20.65 mm
Acases= ApisprozsL(including Long term creep & shrinkage) = 41.558 mm
Acuspa= Ap(including 3 month creep & shrinkage) = 20.625 mm
L 7500

—— = 31.25 mm) OK

= - - = ' < 240
(CASE1 — CASE2) + (ASE3 — CASE4) 2612—(240 240

S35 O i okl b
S UL 3485 515 Job D g Cawl oaud didigd johie ¢l (clp a5 JunST s 5 (31 0)dS) Cunl saol
AT (50 Cauwdy 28.053 MM ply 385 Hlade 2o

A—5263<<L —7500—2083 )OK
LT 360 360 oo
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sl 034 031> (LS Slgiuiuy N9y L s J)iS (g dz)l 2ol jl diged dis ) Jolas )
oMb (46,8 Ec = 470020 = 21019 MPa ¢y diaumsiwYl Jgdo g S300 (Job (clos,Sluo 03, C20 (i 03,

F

25

20 50

— 4> 5 % 304 kg/m?2
20 sl + 6 5laS 200 kg/m2

$u5 43100 kg/m?
o133 200 kg/m?

F

25

1Q 50

> oi 229 kg/m?

zo|_I eils 4 e 3L 200 kg/m?
(] 97777 i s 100 ke/m2
ot 200 kg/m?

By FEUN
5| asdsk el sl S| S5
Jeso 8 |2(2016+1012)|2014| 4.5
L3 7.5 2(2016) |2014| #4.5
S 7.5 2016+2014 1014 84.5
SY 7 2016+1814 |1810| 04.5
&G 6.5 2814+ 1614 |1810| 94.5
G 6 RB12+1814 |1810| 94.5
s 5 208+ 1614 188 | 94.5
S| 4.5 2810+ 188 188 | 4.5
&G 4 2010 108 | 94.5
s 3 288 188 | 94.5

o [T— — 4> 5 b 304 kg/m?
0l 20 50 20 W ;LS 300 kg/m?2
N EomA +6f£~;9150k§://m2

o3 250 kg/m2

w[I— |—| 4 55 % 229 kg/m?
o g 50 10 o s ;LS 300 kg/m?2
o J S ) +‘5ij4-'._\3150kg/m2

o3 250 kg/m?

w2 | s dsb LRI ’jx‘lﬂ éf;i
Ks3| 7 \2(2016+1612)|1810| 04.5
S| 6.5 | 2016+1016 |1810| 94.5
| 6 2016+1610 |1910| p4.5
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S| 4.5 208+1014 |188 | 04.5
s 4 2010+108 |108 | 4.5
s 3.5 20610 108 | 94.5
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o [T —] ax 5 o= 375 kg/m?
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o lzol 40 20| s5bn; +¢fﬁ&9150k5$2

o153 250 kg/m?
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70|46)L»Jgj + & ;LS 300 kg/m?2
N

S5 43150 ke/m?
o3 250 kg/m?
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