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Figure 1-9. Armstrong Rubber Co. Headquarters by Marcel Breuer, West Haven, Connecticut, 1970.
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Figure 3-41. Wozoco Apartments in Amsterdam. Photography by Rob’t Hart, image courtesy of MVRDV.
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Comparative axial force diagrams of simplified Wozoco cantilevers with alternative back span structure configurations
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Figure 3-45. Crane Houses in the Rheinauhafen of Cologne. With permission of Rasmus Norlander.
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Cultural Center in Castelo Branco in Portugal
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Table 4.3-1 Minimum Uniformly Distributed Live Loads, L,, and Minimum Concentrated Live Loads

Live Load Multiple-Story Live
Reduction Permitted? Load Reduction Concentrated Also See
Occupancy or Use Uniform, L, psf (kN/m?) (Sec. No.) Permitted? (Sec. No.) Ib (kN) Section

Apartments (See Residential)

i Office use 50 (2.40) Yes (4.7.2) Yes (4.7.2) 2.000 (8.90) |

Computer use 100 (4.79) Yes (4.7.2) Yes (4.7.2) 2,000 (8.90)
Armories and drill rooms 150 (7.18) No (4.7.5) No (4.7.5)
Assembly areas

Fixed seats (fastened to floors) 60 (2.87) No (4.7.5) No (4.7.5)

Lobbies 100 (4.79) No (4.7.5) No (4.7.5)

Movable seats 100 (4.79) No (4.7.5) No (4.7.5)

Platforms (assembly) 100 (4.79) No (4.7.5) No (4.7.5)

Lagut JURRVATT)] INU (41,0 LTS (4.1.2) LJUY 10.7U)

Heavy 250 (11.97) No (4.7.3) Yes (4.7.3) 3,000 (13.35)
Office buildings

File and computer rooms shall be designed
for heavier loads based on anticipated

occupancy
Lobbies and first-floor corridors 100 (4.79) Yes (4.7.2) Yes (4.7.2) 2,000 (8.90)
‘ 50 (2.40) Yes (4.7.2) Yes (4.7.2) 2,000 (8.90)
Corridors above first floor 80 (3.83) Yes (4.7.2) Yes (4.7.2) 2,000 (8.90)
Corridors serving public rooms 100 (4.79) Yes (4.7.2) Yes (4.7.2)
Roofs
| Ordinary flat, pitched, and curved roofs 20 (0.96) Yes (4.8.2) —_ 481
Roof areas used for occupants Same as occupancy served Yes (4.8.3) —
Roof areas used for assembly purposes 100 (4.70) Yes (4.8.3)
Vegetative and landscaped roofs
Roof areas not intended for occupancy 20 (0.96) Yes (4.8.2) —_
Roof areas used for assembly purposes 100 (4.70) Yes (4.8.3) —_
Roof areas used for other occupancies ~ Same as occupancy served Yes (4.8.3) —
Awnings and canopies
Fahric constmictinn sunnorted hv a 5324 Na (48 —
ceilings
Sidewalks, vehicular driveways, and yards 250 (11.97) No (4.7.3) Yes (4.7.3) 8,000 (35.60)
| Stairs and exit ways 100 (4.79) Yes (4.7.2) Yes (4.7.2) 300 (1.33)
Une- and two-family dwellings only 40 (1.YZ) Yes (4./.2) Yes (4./.2) SUU(L33)
Storage areas above ceilings 20 (0.96) Yes (4.7.2) Yes (4.7.2)
Storage warehouses (shall be designed for

L1V 1LV LI O,

1607.5 Partition' loads. In office buildings and in other buildings where partition locations are
subject to change, provisions for partition weight shall be made, whether or not partitions are shown
on the construction documents, unless the specified live load is 80 psf (3.83 kN/m?) or greater. The

partition load shall be not less than a uniformly distributed live load of 15 psf (0.72 kN/m?).
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Load Combinations Jl—ea¥) s

Basic Combinations - dwbud) S il o

Strength Design method Laraaill (o 48l 45y
LD e, 1
1.2D+1.6L+0.5(LrorSorR) ..., 2
12D + 1.6(Lr or S or R) + (L or 0.5W) .oovvvroeeeeii 3
12D + 1.OW + (i L O 0.5W) .o, 4
I2D+IE+fiL+02S o 5
0.9D + 1.0W 6
09D + 1E (o e 7

fi=0.5if L <4.78 kN/m

Allowable stress Design Abaddll GlalgaY) 45y )k
L0 1

L.OD + 1.0L ..o e 2

1.OD+ 1.0(Lror SOT R) ..voiiiiiii e 3

1.0D+0.75L +0.75(Lror SorR) ......cooeiiiiiiiiiiiin. 4

L.OD+ (0.6W Or 0.7E) «.voiiiiiiiiei e, 5

1.0D + 0.75L +0.75(0.6W) + 0.75(Lror SorR) ............ 6-a

1.0D + 0.75L + 0.75(0.7E) + 0.75S . .vvvveeeeeeeereeeeennn, 6-b

0.6D +0.6W ..o 7

0.6D+0.7E ..o, 8

G ASCE/SEI 12.4.2 sl @éy E 35N Jaadl ¢

E = Eh + Ev 2SI &y ACI Equation (5.3.1e) and Equation (5.3.1g)

Cuall Jaall (s o 121 $LidY) 5 aaiind E = Eh -Ev Sl oils o e Ja5 2l LY o) cas

2l (pe 02383 iy 48 i sall Jalaa p s J3Y U 488V 28,4l Eh o) Sus (ASCE/SEI Equation 12.4-3J & sEh = pQE)
(2ol il (e Al 5 ALY yalial) e 381 303030 5 58 QE 5 ( ASCE/SEI 12.3.4)

(ol ol 83013030 5 &) aEv o ¢us) ASCE/SEI Equation (12.4-4a) J & s Ev = 0.2SDSD

Thermal Combinations 5_)_ad) Jlaal diadatall canS) il o
A Jlea) )53 aladind
12D + 12T + 0.5L ... .. ..(ASCE 7 — 16 SecC.2.3.4)

12D +1.6L + 1.0T ... ... ..(ASCE 7 — 16 SecC.2.3.4)
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Seismic Combinations 4= 3434 qus) )
7,5 A0 luS 3l s o JOY I Jleal O Gt @lld g 2Ll Jleal aleginl 5 & B8l Jlaa) Jlea) s
U=09D+EU=12D+E+fiL+f2S
10 Cum 2Ll Jlaal Jlaa) 25 a3y @lla

bl il el Al Jlea¥) 54,78 (e pSI all Jaall (585 Lanic g dalall Cilaaatll (Ll 8 <lauS ] = 1
GOAY Al Jlead 0.5 =

Lo 1 S e Al mlau3 0.7 = £2
SOAY mhudl 0.2 =

p = Redundancy factor (see 12.3.4 in ASCE)

p = 1.3 3l aitype 1b 8 sl axe 2 ga g Al 5 D 1 Chiall (o 328 5l Ll
S p=1.3 332 Type 1b &l Uil axe 3ga5aie s iy SDC D, E and F (1 ciiall Gaca £a8) 5l ciliiall Luilly
1 o231 25 ¥y ASCE/SEI 12.3.4.2x:) (8 cpha dl) as) géss 45) s
p=1.3
- QE = horizontal Seismic force from V(Base)
Ev=0.2 SDC*D
-> Basic Seismic Combination for strength Design are:-
5. (1.2+0.2SDs)D+p QE + fiL+0.2S
7.(0.9-0.2SDs)D+p QE
—>Basic Seismic Combination for Allowable stress Design are: -
5. 1.0D+(0.6W or 0.7E)
a. 1.0D+0.75L+0.75(0.6W)+0.75(Lr or S or R)
b. 1.0D+0.75L+0.75(0.7E)+0.75S
8. 0.6D+0.7E

: (Seismic Combination) 44 3131 cus) il

1) 1.2D+1.0E+L E=Eh+Ev

=1.2D+1.0{p * QE +0.2 SDC*D} +0.5L

= (1.2+0.2SDs) D+0.5L +1.3 QE *+0.2SDs is more critical z_aY)

= (1.2+(0.2*0.646)) D+0.5L £1.3 QE

=1.33D+0.5L£1.3QE -1
2) 0.9D+1.0E

=0.9D+1.0{p * QE +0.2 SDC*D}

={0.9+0.2 SDC} D£1.0p * QE *-0.2SDs is more critical z_~Y! &

= {0.9- (0.2*0.646)} D£1.0*1.3* QE

=0.77D+1.3QE

QE > » AS lliy 438 5 S 9 2818 g () $Suu
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V = (1.2+0.2*0.646)*D+ 1.3QE + 0.5L +0 = 1.3292D +0.5LL + 1.3 QE
VX1 = 1.33D+ 0.5LL+ 1.3 QEX1
VX1 =1.33D+0.5LL - 1.3 QEX1
VX2 = 1.33D +0.5LL+ 1.3 QEX2
VX2 = 1.33D+0.5LL - 1.3 QEX2
VY1 =133D +0.5LL+ 1.3 QEY1
VY1=1.33D +0.5LL- 1.3 QEY1
VY2 = 1.33D +0.5LL+ 1.3 QEY?2
VY2 = 1.33D+0.5LL - 1.3 QEY2

V =(0.9-0.2*%0.646)*D = 1.3QE = 0.771D+ 1.3QE
VX1=0.771D + 1.3QEX1
VX1=0.771D - 1.3QEX1
VX2 =0.771D + 1.3QEX2
VX2 =0.771D - 1.3QEX2
VY1=0.771D + 1.3QEY1
VY1=0.771D - 1.3QEY1
VY2 =0.771D + 1.3QEY2
VY2 =0.771D - 1.3QEY2
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SIS Ay jall Jgaall Aea 35 (ASCET7-16 Table 1.5-1) 25811 8
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Jasyl

5y shally Juiyl deyla

Caued ) ol g1 A 8,y Slall Amitng sy shad (Jud A (5 AY) Ll Q8IS i

Ao Gy AT Mg g el cilllaill ann p ciamdy 1 edMailh s bile Jlo 5 penia | T
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Adload Aallae 38 50 5 il s (B g i A sl S0 pall 5 il el g il
UjL_iJU_-L.A.AJ'| t_‘.‘_,..=11 Ql*.aa_hﬂa%ﬁjlﬁﬂ@ﬂdl phﬂa@!%ﬁ%&@.ﬂhﬂ;ﬂﬁ@&u
IV Jeiyl Gt 3 pake po aladl il cps

Tag s 3 gl g ALl 3 gl (o AAE o€ oz A g A gzl g 5 AN Lol RS, L
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2o Lo Soane Cand (S Atz el (381 S Rasadd) (5 a1 clzad) A51S 5 o)

Al Aallaa 3 o g sl o (381 g el A d il 390 505 il dl g clion i)

ST RER PR POl U TP e R Pie, C P PP o PR SPeN | E L S RERE S

AT skl ela g paale Wy J YU Lesadt a3t

Asnol Dyglladl 5 a1 ol s cblall s cflail 5 505 t5 5l sl il Loaas K1 5

L shll v
dl.i&:ﬂ il ) el L;Ji_;.‘u”-a. [[PPARLE | \'41;1_;11:41 ‘_-7—_}1-371 Adall éi!_yh_;iu.mi -'71_5,'1 Gl .
v

el Al el edd el

gl o bl Siled g 5 Ay sl AL AF) o SH pay O gkl A3 e 1 il
Aala Ak g Aol cailla Ll Al 5 AT Sl Sl

ekl B At sl Jabia o J3U5aT] Ay gllalll ozl o 5 alsall il 5

(Importance Factor) LéiaUd o a¥ Jalaaagaa i o
CSay 135 ) Casan Alla 8 el Alan g Gl (e Y1 Caagdl () 6 aaianall il Liiall dpanl (sae (uSny Jaloall 128
U Cadgi s JI 1) Caan gl G dlaa ilaia 138 5 il (1.25) 5 sbon padl Jalae 35S0 e clavise Jlia Gyl (00 o e
G Jlaall 8L e dedge (o 5 iliiiinall (ulill Cilasd oy O J sirall e (e bl () Qi) Cilasl s 430 sy laall
O Jalrall 138 alagl s Aol clinall (e ST e Gla¥) alae ad ) oy 43l 63 jlda iliasS ) g0 e 4 ginall 5 4y 3l) L)
(IS Jsaadl 138 5 4] grdiall Cayial Jalae sy a5 (ASCE 7-16 Table 1.5-2) 2581 8 Jsaa

Table 1.5-2 Importance Factors by Risk Category of Buildings and
Other Structures for Snow, Ice, and Earthquake Loads

Risk Snow Ice Importance Ice Importance Seismic
Category from Importance Factor— Factor—Wind, Importance
Table 1.5-1 Factor, /g Thickness, I; I Factor, 1.
I 0.80 0.80 1.00 1.00

II 1.00 1.00 1.00 1.00
oI 1.10 1.15 1.00 1.25
v 1.20 1.25 1.00 1.50

Note: The component importance factor, 7,,, applicable to earthquake loads, is
not included in this table because it depends on the importance of the
individual component rather than that of the building as a whole, or its

occupancy. Refer to Section 13.1.3.
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(Site Class ) 4= =il cipia 5 Jalaa dgaa
Ao Ly ading W gl g slasall ) puaida jo o i) I I3V 30 W iy clinall dlaad) 4aS) jiall <l puall 53 el bl all
Leale slinall ands o3 Al A i de g5 e daul
ade s laa ST Lia pad Y1 ()5S Ll 5 O3 50 e gliall clinall 8 Jadd Gl o Llly ) 8 4 il Al iyt Jasd dalall o jela 12
G 4 i) Caial oy g cliiall e 3 il 4301 3150 5 g8l maical o Qi 8 ) sall 4l ()5S G dpalall i) b
12 5 (ASCE 7-16 Table 20.3-1) 258U (8 252 50 J 52 e b daati 2y 5 (ailll Lgia slia (5205 g il sl i g Lguailiad
(HUlS s Jsaal)

Table 20.3-1 Site Classification

Site Class ¥ Not H, 5

A. Hard rock 5,000 ftfs NA NA

B. Rock 2,500 to 5,000 ftfs NA NA

C. Very dense soil and soft rock 1,200 to 2,500 ftfs 250 blows /ft >2,000 b/

D. Stff soil 600 to 1,200 fi/s 15 to 50 blows fft 1,000 to 2,000 I/t
E. Soft clay soil <600 fi/s <15 blows/ft <1,000 b/fi?

Any profile with more than 10 ft of soil that has the following charactenistics:

— Plasticity index PI 20,

— Moisture content w > 40%,

— Undrained shear strength 5, < 500 Ib /f?
F. Soils requiring site response analysis See Section 20.3.1
in accordance with Section 21.1

Note: For SI: 1 ft=0.3048 m; | ft /s=0.3048 m/s; | Ib /ft> =0.0479 KN/m’.

relad O el by el 5 Gl (5 gine cand Ay Sl il (e Ay slall yia 30 al s Jamal 185 o sall A i G o
.(Vs) Average Shear Wave Velocity il & (=il da sede ju Jas o
Aday) el ye a5l caladal duelatl) (31 5AY) A gl Jana g Adiad) dualail) 5) jiaY) Ao glie Jaes @
N: Average Field Standard Penetration Resistance and
Nch: Average Standard Penetration Resistance for Cohesionless Soil Layers

.(Su) Average Undrained Shear Strength 4 yill 48 padll je jadll daglia Jaxa @

A5 ra e il il g (S5 Ladie D Al Gl Jiels ey 43 e ASCE7-16 Sec.11.4.3 2l (& Jla¥) 35S (aiy
E&F 4l Giva of e J5 < jh5e (s 25 5 Ja iy S Jpuality
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A N8 gl dal A b A b 3 ) ) ) ) sl ) °

S1&Ss (At Alaiuy) e jlus cdlalas

8 ymal Ayia ) 558 i Laalaa) 30 3150 dpa )W) AS jall gl Juaaill lied 380 jral) Lexdl se cavany i) 5 lall (anads
A dia vie 3358k S1&SS O Cum ((S1) B2 s Al Lo ke ALyl e 38 5 sic (g A el 5 (S) A (30 (0.2) Lo ke
sl Ailaia (K110 JA (ge ladkal alis (g e A sie s Ll (5T) 5 (oam, Y1 g bl Al dlie e Ll 038 of Cus (SB) sl

r Sl daal 1) e e slaall sda Jamy 31 5 A5 31 A sSall @ ga e Jsdall S5y

HTTP://Earthquake.USGS.Gov/DEsignMAPS/US/APPLICATION.PHP

.S$1=0.04 & Ss=0.15 ¢ 13 A 055 (SDC) (M 3 aranaill hiva Jlicls 11.4.2 23l (8 35S sy

g obul) Clalae Ao J gl DA (e (S (2l dana ) s3Sall U8 (e Lapans &5 4000 515 Jail A Led a5 Al 4y ) sgaal] diailly
JSAL i ge a LS ikl

S{E

46°E 48°E S0°E 52°E

18'N Saudi Arabia | 18'N

1 16°N

14N

Gulf of Aden

S 12'N

4'E 46°E 48°E SOE 52°E S4E

re 17. Maximum considered earthquake ground motion for Yemen of 1 s spectral response acceleration (S1 in %g) (5 percent of critical damping) Site Class B.
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Fa&Fv g s—at) cdlalasa 2yaas

Ay Cia Cus 2l 038 Jpan (e 23 D8 (SB 4 i Caia ol (0 S1&SS 40 3V 3l A ¥V AS jall Jasdall Jomalill 4 2an5 o3 4] Ly
ST 0 Jebaall A Jaa 8yl iy g Fa o sl) Qs (8 42 o G2k o S8 (1M Jabaall Aad Juaes oy g 5 yiall 8 50
e S5 B sall Ay i e sl (11-4-1) Jsand) (e Fa @dsal) Jabae dad dlagl ai Py @b sall Jalaa b 4y o Ao 53
U Jalaall G IS 5 a8 gl Ay 5 il o oy (11-4-2) Jsadl o Py @ sal) Jalrs S sl oy Laiy S 15130 el
JLYL A8 e s LS Jhaall S

Table 11.4-2 Long-Peri i fficient, F . . E 8
able ong-Period Site Coefficient, F, Table 11.4-1 Short-Period Site Coefficient, F,
Mapped Risk-Targeted Maximum Considered Earthquake (MCEg) Spectral
Response Acceleration Parameter at 1-s Period Mapped Risk-Targeted Maximum Considered Earthquake (MCEg) Spectral
Response Acceleration Parameter at Short Period
Site
Class $;<01 §=02 §=03 S,=04 S=05 S >06 Site
Class Ss<025 Sg=05 Ss=0.75 Sg=1.0 Sg=125 Sg>15
A 0.8 0.8 0.8 0.8 0.8 0.8
B 08 038 038 038 0.8 0.8 A 0.8 0.8 0.8 08 0.8 0.8
c 15 15 L5 15 15 1.4 B 0.9 0.9 0.9 0.9 0.9 0.9
D 24 2_2“ 20” 19" I_Sa 17‘1 C 13 1.3 1.2 1.2 1,2 1.2
E 4.2 See See See See See D 1.6 1.4 12 1.1 1.0 1.0
Section Section Section Section  Section E 2.4 17 13 Se.c Sc.c Sc‘e
1148 1148 1148 1148 1148 Section  Section  Section
F See See See See See See 11.4.8 11.4.8 11.4.8
Section  Section Section Section Section  Section F See See See See See See
11.4.8 1148 11.4.8 11.4.8 1148 11.4.8 Section  Section  Section Section Section Section
11.4.8 11.4.8 11.4.8 11.4.8 11.4.8 11.4.8
Note: Use straight-line interpolation for intermediate values of S;.
“Also, see requirements for site-specific ground motions in Section 11.4.8. Note: Use straight-line interpolation for intermediate values of S;.

SM1&SMs ddaamad) A 35 Ao cle bt Glowa

AU A8Mally ot o8 5all Ui g SM1&SMS Aaeall iihall Jiaaill 28 8 (ASCE 7-16 sec-11.4.4) 2581 G
Sy1 =Fvx$; Sys = Fa X Ss

SDS&SD1 dasrasailldi il dlat ) cle bt clwa

A A8y ot o8 5all Ui 5 SD1&SDs Aaeall iphall Sl o8 18 (ASCE 7-16 sec-11.4.5) 2581 Gy

2 2
Sp1 = 3 Sm1 SDS = 3 SMS

Soi

Spectral Response Acceleration, Sz (g)

T T, 1.0 T
Penod, T (sec)
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2ol 233 DY) 8 Labaddll (g

1- For periods less than T, ,then S, is taken as:

T
S, =Sps (0.4 + 0.6 * T—) Eq (11.4.5)
0

1- For periods greater than or equal T,, and less than or equal to Ty , which means (T, < T < T;)
then S, is taken as:

Sa = SDl Sec11.4.6.2

2- For periods greater than T, and less than or equal to T;, ,which means (T, < T < T;),thenS,
is taken as:

S
S, = =2 Eq (11.4.6)

3- For periods greater than T, ,which means T < T; then S, is:

a = T Eq (1147)

Where:
Sps is the design spectral response acceleration coefficient for short periods.
Sp is the design spectral response acceleration coefficient for 1 second period.
T is the fundamental Period of the structure (s).
is the long period transition period, there are maps for getting T, as in chapter 22 in T,
ASCE 7-16 , but we can use it as 8 seconds

S S
T. =022 (s) T, =22 (s
SDS SDS

(Seismic Design Category(SDC)) (rammamaidl (345 dipivatidl el o

A cliie gaes ganadd o of 315 aseadl) 2 < Gl Cua (SDCS) (11N aranaill Calial g 3aa o sgial 35S0 pa
4:\“\.“\ Gl yial Hb M%é& el (anadil) 12 ;\_).;‘\e'.'\.g,am ‘;J\_)S_)ﬁmaju.\.\.a.a

A5l A Y1 A jall A giall ald) w

Ll A pcaiai m

il Jale w
3oy bl sl el (Y asenaill e apaal Apulud) liall Calialloda il F in g A e (A1 asanaill Gilial ) 5
3 ymaill )33 Spyauli 1 )5 ST dpapenaill Llaiul) & jia )b 3L F S E 5D 51 C 5l B sl A 1 asenaill Calinal
A all s (Firm Soil) dSulaio 45 e daa saial) 4000 A DU apenaill Ciiva panady ) shall 5 Jidy) Ciial Al
a1 G jall Cua Gl F 5 E 5D 5 C 3 B (A aseaill Gilial Jiad L le 5 daaidic Gad giall duadae ) duz Y
Adle Dpaalal el 5145l 4y i da g s (e il @sall O 5l Ale B <l dad siall 440 3150
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2 o gle (S5 3 et A )l 38 Csan Sy Ca haliall 8 cliia) Canall 138 ety 1C N asaall) Ciia
Logiall e dalisy) je b sSall (any araal agadll da g o cang s ALY Jaall (lany aladiu) Caiall 13
ESBB

3 yade dpa il 38 et o 3 ) (e (3halie (8 daua gaiall Cliiall aa 55 Caiall 138 Gaa D (IS araall) Ciia

.(Major Active Fault) & dads sl s (e lax cu B JSG Aauia saile Cud LS (Destructive Ground Motion)

e 3Ll apanai g Al 50 a5 () oy s <D (Y avenaill Ciina (pana 5L Jaal) Glany aladiul e da jla 5 68 llia
eSralinal) Jalaill (3 ka5 L 68 5 Chinall 138 (pana dalaiiall

O (o8 Aty Aadi (311 8 (g laa Ay (3halie (8 daa paial) sLa) B it ety (R E N pranall ilial
358 F S E Y aealll GliaY Gacadd shlidl ol & [V 5 shall Chia 3 slisdl Lle SDC F caiall s siny
S o) Lad 46y Cargy maanaill (5 yha g ALY ade Vs 5 Ailal) Jlaa DU da glaal) Aaliny) Jaall alasiud Jle s de jla
IS0 (il Al el Baiul) gl Al (e Il 35S o gl e sty I (e faa Ay B Alate (B pa g Ll
I (e Al g gl el () lie) (e 2aind (0,75 (e ST sl (5 sbed S da cilS 1M (S )AsG 1 52 e MCER
Ce SLEall B (g (38l S (il Al 5 il ) 50V gl padien ¥ elill a1 5l el (i Jadi s
L) cle s a8« aaad) G b iy il e Y 3 jaadll )oY die Aty Cle jlus (Y Jads iy Gl
SV Daaall e il (58 IS8y il J kY ) saY) e

tlad Cplgaadl (13 g Jalrall 138 e J peaal) LegDla (e (S Gl saa i

Table 11.6-1 Seismic Design Category Based on

) k Table 11.6-2 Seismic Design Category Based on
Short Period Response Acceleration Parameter

1-S Period Response Acceleration Parameter

Risk Category Risk Category
Value of Sps TorMorIIT v Value of S, TorIor I v
Sps< 0.167 A A Spr < 0.067 A A
0.167 < S5 < 0.33 B C 0.067 < S, < 0.133 B C
033 < 85 <050 C D 0.133 <8, <020 C D
0.50 < Sy D D 0.20 < Sp, D D

(ASCE 7-16 TABLES 11.6-1 &11.6-2)
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Table 12.2-1 Design Coefficients and Factors for Seismic Force-Resisting Systems

Structural System Lim tations
Including Stuctural Height, it 1t} Limits®

Wnars Decaing Reponse otectin Seismic Design Cangory
Requirements Modification Oversirength Ampilfication
Seismic Force-Resisting System Are Specified Coefficient, 7* Facior, 0,° Fador, C,° B c [d E* F
A. BEARING WALL SYSTEMS
1. Special einfurced concrele shear walls 14.2 5 g 5 NL NL 160 160 100
2, Ordinary reinforced conerte shear walls® 14.2 4 2% 4 NL MWL NP NP NP
3. Detuiled plain comemete shear walls 142 2 A5 2 NL NP NP NP NP
4. Ondinary plain conerete shear walls® 14.2 148 25 1% NL NP NP NP NP
5. hiermediate precust shear walls® 142 4 el 4 NL NL 40 4f 40
6. Ondinary precast shear walls 14.2 3 25 3 NL NP NP NP NP
7. Special reinfrced masorry shear walls 14.4 5 2% Y NL MWL 160 160 100
8. htermediate reinforced masonry shear walls 14.4 35 2% 24 NL NL NP NP NP
9, Ondinary reinforced masonry shear walls 14.4 2 A% 1% NL 160 NP NP NP
10. Dedailed plain masorry shear walls 14.4 2 A5 1% NL NP NP NP NP
11. Orlinary pluin masonry shear walls 14.4 145 25 14 NL NP NP NP NP
12 Prestressed masorry shear walls 14.4 1% A5 1% NL NP NP NP NP
13. Onlinary reinforved AAC masorry shear walls 14.4 2 g 2 NL 35 NP NP NP
14, Orlinary pluin AAC masenry shear walls 14.4 145 2% 1% NL NP NP NP NP
15, Light-frame (wood) walls sheathed with wood stroctural pmels rated for 14.5 64 3 4 NL MWL 65 &5 &
shear resistance
16 Light-frame (cold-formed steel) walls sheathed with wood structural panels 14.1 -5 3 4 NL MWL 65 &5 &
rated for shear msistance or steel sheets
17. Lightframe walls with shear panels of all other materials 14.1 and 14.5 2 2% 2 NL MWL 35 NP NP
18, Light-frame (coldformed steel) wall systermns using flat strap bracing 14.1 4 2 it NL NL 65 65 5
B. BUILDING FRAME SYSTEMS
1. Steel eccentrically braced frames 14.1 8 2 4 NL NL 160 160 100
2, Steel special concentrically bruced frames 14.1 6 2 5 NL NL 160 160 100
3. Steel ondinary concentrically braced Fames 14.1 4 2 I NL NL 3¢ 3 NP
4. Special reinforced conerete shear walls #* 14.2 [ g 5 NL NL 160 160 100
5. Ondinary reinforced concrte shear walls® 14.2 5 A% 44 NL HNL NP NP NP
6. Detuiled plain comemete shear walls® 142 and 2 A5 2 NL NP NP NP NP
14227
7. Ordinary plain concrete shear walls® 14.2 1 A5 1% NL NP NP NP NP
8. Itermediate precust shear walls® 142 5 A Ei NL NL % & o«
9, Ordinary precast shear walls 14.2 4 2% 4 NL NP NP NP NP
10 Steel and comerete composite eccentrically braced frames 14.3 8 A5 4 NL NL 160 160 100
1. Steel and comcrete compaosite special concentrically braced frumes 143 5 2 445 NL NL 160 160 100
12 Steel and concrete composite ordimry braced Frames 14.3 3 2 3 NL HNL NP NP NP
13. Steel and concrete composite plate shear walls 14.3 i g Ste NL NL 160 160 100
14 Quenal and momversds mammacte cneeial chear walle 143 A N5 < N1 N1 140 160 10
18, Ordinay reinforced masarry shear walls 14.4 2 2% 2 NL 160 NP NP NP
19. Detuiled plain masorry shear walls 14.4 2 S 2 NL NP NP NP NP
20, Ordinary plain masonry shear walls 14.4 1% 2% 144 NL NP NP NP NP
21, Prestressed masorry shear walls 14.4 s 24 1% NL NP NP NP NP
22 Lightfrume (wood) walls sheathed with wood stroctural panels rated for 14.5 7 2% 415 NL NL &5 &5 &5
shear resistance
23, Light-frame (cold-formed sted) walls sheathed with wood stuctural punels 14.1 7 2% 415 NL NL &5 &5 &5
rated for shear msistimee or sted sheets
24, Lightframe walls with shear panels of all ather materials 14.1 and 14.5 g 2% 245 NL NL 35 NP NP
25, Steel buckling-restrained bruced frumes 14.1 H 2% 5 NL NL 160 160 100
26, Steel special plate shear walls 14.1 7 2 [ NL NL 160 160 100
C. MOMENT-RESISTING FRAME SYSTEMS
1. Steel special moment frames 141 and 12255 8 3 548 NL NL NL NL NL
2, Steel special truss moment frames 14.1 7 3 sig NL NL 16 100 NP
3. Steel intermediaie moment fumes 12257 and 14.1 4 3 4 ML NL 35 NP' NP
4, Steel ordinary moment frames 122,56 and 14.1 s 3 3 NL NL NP NP' NP
5. Special reinforced concrele moment frames™ 122.55 and 142 H 3 548 NL NL NL NL NL
6. Ilermediate reinforced concrele moment frames 14.2 s 3 4l8 NL NL NP NP NP
7. Onlinary reinforced concrte moment frames 14.2 3 3 248 NL NP NP NP NP
8. Steel and concrele composite special moment fFames 122,55 and 143 8 3 Sig NL NL NL NL NL
9. Steel and concrle composite intermediate moment frames 14.3 5 3 4l% NL NL NP NP NP
10. Steel and concrete composite partially restrined moment frames 14.3 6 3 sia 160 160 100 NP NP
11, Steel and concrete composite ordinary moment frames 14.3 3 3 248 NL NP NP NP NP
12 Cold-formed steel—special balied moment frame® 14.1 s ¥ 348 35 35 3 35 35
D. DUAL SYSTEMS WITH SPECIAL MOMENT FRAMES CAPABLE 122.5.1
OF RESISTING AT LEAST 25% OF PRESCRIBED SEISMIC FORCES
1. Steel eccentrically braced frames 14.1 8 24 4 NL NL NL NL NL
2, Steel special concentrically braced Fames 14.1 7 2% S5 NL NL NL NL ML
3. Special reinfurced concrele shear walls®* 14.2 7 2a sia NL NL NL NL NL
4, Onlinary reinforced concmte shear walls® 14.2 [ 24 5 NL NL NP NP NP
5. Steel and concrele composite eccentrically braced frames 14.3 8 S 4 NL NL NL NL NL
6. Steel and concrele composite special concentrically braced frames 14.3 [ 2% 5 NL NL NL NL ML
7. Steel and concrele composite plate shear walls 14.3 T4 S 6 NL NL NL NL NL
8. Steel and concrele composite special shear walls 14.3 7 24 [ NL NL NL NL NL
9, Steel and concrete composite ardinary shear walls 14.3 6 24 5 NL NL NP NP NP
10. Special reinforeed masanry shear walls 14.4 St 3 5 NL NL WL NL NL
11, Tntermediate reinforced masorry shear walls 14.4 4 3 38 NL NL NP NP NP
12 Steel bucklingrestrained bruced frames 14.1 8 A% 5 NL NL WL NL NL
13, Steel special plate shear wills 14.1 H 2% 68 NL NL NL NL NL
E.DUAL SYSTEMS WITH INTERMEDIATE MOMENT FRAMES 122.51
CAPABLE OF RESISTING AT LEAST 25% OF PRESCRIBED
SEISMIC FORCES
1. Steel special comemntrically braced Famed 14.1 [ A% 5 NL NL 35 NP NP
2, Special reinforced concrete shear walls#* 14.2 [ 2% 5 NL NL 160 100 100
3. Onlinary reinforced masonry shear walls 14.4 3 3 248 NL 160 NP NP NP
4. htermediate reinforced masonry shear walls 14.4 . 3 3 NL NL NP NP NP
continues
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(Table 12.3-1 Horizontal Structural Irregularities)

Table 12.3-1 Horizontal Structural Imegularities

Seiamic Design

Reference Category

Type Descriplion Seclion Application

la. Torsional Irregularity: Torsional irregularity is defined to exist where the muximum story 12334 D E, md F
drifi, computed including accidental torsion with A, = 1.0, at one end of the structun 1233 B.CDE und F
ransverse (o an axis is more than 1.2 dmes the average of the story drifis at the two ends of 12843 CDE, and F
the: structure. Tomional irregularity mequirernents in the reference sections apply only o 12.121 CDE, and F
structures in which the diaphragms are rigid or semirigid Table 12.6-1 D, E, md F

16.34 B,C,D E and F

1:3 Extreme Torsional Irregularity: Extreme tomional imegulanty is defined 1o exist wher 12.33.1 E und F
the maximum story doifl, computed including socidental torsion with A, = 1.0, alone end of 12334 D
the struclure tmmsverse (o an axis is mone than 14 tmes the avemge of the story drifls at the 12342 D
two ends of the stucture. Extreme torsiomal imegulanty requirernents in the refemnce 1273 B C and D
sections apply only to struchres in which the disphmgms are ngid or semingid. 12843 C and Dy

12.12.1 Cuand D
Table 12.6-1 D
1634 B, C,und D

2, Reentrant Corner Irregularity: Reentmnt comer iregulanty is defined o exist when: 12334 D, E md F
hoth plan pryjections of the strocture beyond a reentrant comer ame greater than 15% of the Table 12.6-1 D, E, md F
plan dimension of the structure in the miven dirction,

ER Diaphragm Discontinuity Trrepularity : Disphmgm discontinuity irrsgolarity is defined 1w 12334 D, E, md F
exist where there is a digphragm with an abrupt discontinuity or vadation in stiffness, Table 12.6-1 D E md F
mcluding one that has a cutoul or open area greater than 506 of the pross enclosed
digphrugm area, or a change in effective diaphragm stiffess of more than 50% Fom one
story (o the next.

4. Qui-of-Plane Offet Irregul arity: Qui-of-plane offset imegulanity is defined 1o exist wher 12333 B.CDE und F
there is a discontinuity ina lateral force-resistunce path, such as an out-of-plane offset of 12334 D E, amd F
least one of the vertical elements. 1273 B, C.DE und F

Table 12.6-1 D, E md F
16.34 B,C,D E and F

A, MNonparallel System Irregularity: Nonparallel system iregularity is defined 1o exist wher 1253 CDE, and F
vertical lateral fore-resisting elaments ans not parallel w the major orthogonal axes of the 1233 B.CDE andF
seismic force-resisting syslem. Table 12.6-1 D E md F

16.34 B,C,D E and F
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Table 12.3-2 Vertical Structural Irregularities

Seismic Design
Reference Calegory

Type Degeription Sedion Application

le.  Stffness—Soft Story Irrepularity: Stiffnsss—sofl story imegularity is definsd 1o exist whens there is a Tahle 12.6-1 D E and F
story in which the luteral stifness is less than 709 of that in the story above or less than 809 of the
average stiffness of the three stories above,

Ih.  StffnessTExtreme Soft Story Irregularity: St Aness—exireme sofl story iregulanty is defined o exist 12331 E and F
where there is a story in which the lateral s tiffness is less than 606 of that in the story above or less than Table 12.6-1 D E and F
T0% of the avemge stiffness of the three stories above,

2. Woeight (Mass) Irregularity: Weight (mass) irregularity is defined (o exist whene the effective mass of Table 12.6-1 D, E, and F
any story 15 more than 150% of the effective mass of an adjacent story. A mof that is Lghter than the
floor below need not be considered.

3 Vertical Geometric Irregularity: Vertical promelnc imegularity is defined 1o exist wher the Tahle 12.6-1 D E and F
horizontal dimension of the seismic forceresisting system in any story is more than 130% of thatin an
adjucent story.

4. In-Plane Discontinuity in Vertical Lateral Force-Resisting Element Ireepularity: n-plane 12333 B, C,DE andF
discontinuity in vertical lateral force-resisting element irregularity 1s defined 1o exist where thens 15 an 12334 D E and F
in-plane offset of a venical seismic fore-resisting element resulting in overlurning demands on Tahle 12.6-1 D E and F
supporting structural elements.

Sa. Discontinuity in Lateral Strength-Weak Story Irregularity: Discontinuily in lateral strength—weak 12331 E and F
story imegularily is defined 1w exist where the story lateral strength is less than 80% of that in the story Tahle 12.6-1 D E and F
ahove. The story lateral strength 1 the total lateral strength of all seismic-resisting elements sharing the
stry shear for the direction under consideration.

5b. Discontinuity in Lateral Strength-Extreme Weak Story Irrepularity: Discontinuily in laerl 123.3.1 D, E and F
stmngth-extreme weak story irmegulanty s defined to exist where the story lateral strength is less than 12332 Band C
65% of thut in the story above. The story strengthis the total strength of all seismic-resisting elements Table 12.6-1 D E and F

sharing the story shear for the direction under consideration.

.
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Table 12.6-1 Permitted Analytical Procedures

Madal Response Spectrum

Seismic Equivalent Lateral Analysis, Section 12.8.1, or Monlinsar Response
Design Force Pracedure, Linear Response History History Procedures,
Category Structural Characteristics Section 12.8* Analysis, Section 12.9.2° Chapter 18°
B, C All structures P P P
D.EF Risk Category I or II buildings not exceeding two stories P P P
above the base
Structures of light-frame construction P P P
Structures with no structural irregularities and not exceeding P P P
160 ft (48.8 m) in structural height
Structures exceeding 160 ft (48.8 m) in structural height with P P P
no structural irmegularities and with T < 3.5T;
Structures not exceeding 160 ft (48.8 m) in structural height P P P
and having only horizontal irregularities of Type 2, 3, 4, or
5in Table 12.3-1 or vertical irregularities of Type 4, 5a, or
5b in Table 12.3-2
All other structures NP P P

“P: Permitted; NP: Not Permitted; T, =8p, /5ps-
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IEE] Equivalent Lateral Force Procedure Overview

| LI1E I or 1V F Risk Crtegeory

o Scizmic fmporiance Facio

NG

| S, A S1 J Mapped MCER speciral response acceler:
4
| A, B.C,D*, EcrF | Site Class
+
{ Fﬂ & Fv l Sile Coefficients
¥
| S & S ’I Soil modified MU Ly speetral response aecel
\L .
I Sp,s & SD]_ I Desion speetral response acceleration
+
| A, B*X, C,D,EorF ] Sefsmic Designe Calegony

Approximate Fundamental Pe

Seizmic Bcsponse Coeflicie

| V= CobF I Sefsmic Dase Shear al Sfrenith Level (i

Yertical Distribution of Scismic

4

]

4
Redundancy factor

S

4

Effects of horzontal scismic foree (i.c., due to base shear - ¥)

I E,' =p0 QF.’ | Lffects of horizontal scismic forces
L
| E,.=0.25p:D | Effects of vertical seismic forces
1
l E=+/—-E,+—E, | Total seismic load effect
4
I Design Force on Element J SD (LRTTY) or ASD Load Combinations

vie Linall ACaliall AlaiaV) (4SS a5 e gan oL cliinad) e JI310 580 (e et 23810 5 8 L81SA) ASlany) 38 yhall aad
(@l aa 5 LiSaaliny Sl o) a1 138 callaty W ASatiul ] (3l 4y Hhall sda 8 43005050 Jlaal¥) 5l sty (5 D350 O pacan
8 a1 e i g - 48yl Tl o8 ASELY) ARl A 5 48yl Lol 20alinn oy 5ed
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(ELF-M) pibiay) Ay phally A543 Joladid i pdad o
Effective Seismic Weight of the Structure (ASCE 7-16 sec 12.7.2) Latall ¢jyqlosa =

o LS ddiadll (5 AN Jlaal) (e ke Gl AdLaYl KU Cusall Jas) 5 ko (W) 1510 Jasll

25% oo J8 Y L Lin s 32055 130 Al Ak Aga Jlea) a3 S5 () Jlaa) 5 e sl Jles -

(0.48 KN/M2) oo Jir ¥ Jes 335 5ol shall aranai vie 43l adal 8 Jlaaf s a5 s 8 -

Jaanll 530 5 JSE 5 08 gall Argads Cunsn Gl g Lgtiad (g (%80 ) 281 &3 ¢33 (1.44 KN/M2) Jslati Lavie & 5Bl Jlaal -
A AL claa) sall

Latalld iy, ad Nd Ll uWsddlclwa =

7

Ta Calculate the Approximate Fundamental Period of the structure (ASCE 7-16 sec. 12.8.2.1)
Lindl g 5 o ellas s Lanall gl ) e aainy (a3l 138
T, =C,xh* (ASCE7 —16 Equ. 12.8.2.1)
(S Jsand) e agad saiul oy s Linall ALy pUaill ¢ g e aaiad <Okl (Ct & X)
Ldia W g8 (a) bl s m

Calculate the Upper Limit of Calculated Period Tmax (ASCE 7-16 sec. 12.8.2)

Table 12.8-2 Values of Approximate Period Parameters C, and x

Structure Type G X

Moment-resisting frame systems in which the frames resist 100% of the required seismic force
and are not enclosed or adjoined by components that are more rigid and will prevent the frames
from deflecting where subjected to seismic forces:

Steel moment-resisting frames 0.028 (0.0724)" 0.8
Concrete moment-resisting frames 0.016 (0.0466)" 0.9
Steel eccentrically braced frames in accordance with Table 12.2-1 lines B1 or D1 0.03 (0.0731) 0.75
Steel buckling-restrained braced frames 0.03 (0.0731)* 0.75
All other structural systems 0.02 (0.0488)" 0.75

“Metric equivalents are shown in parentheses.

SD1 a¥ay Jsaa (e edlag) oy Jalae (Cu) Thax = CuTy

Table 12.8-1 Coefficient for Upper Limit on
Calculated Period

Design Spectral Response Acceleration

Parameter at 1 s, Sp Coefficient C,
204 1.4
03 1.4
0.2 1.5
0.15 1.6
£0.1 1.7
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Fundemintal (Computed) Period Léd—iadll —alu¥) joadl o =

o LS Ll s Gty La o oI ol i) aaia s Jalast) A g (3800 Jalaill ¢ ya) 50k oo Lanall w1 sall Gl oy
S i 5e

Summary of Period Values to Be Used in Calculations

. . Period T io Be Used in Period T to Be Used in
Situation . , , I, .
Strength Calewlations Drift Caleulations
Imlnpmn’! E ‘I‘rr I.’J I.’J
"‘Irr = rrr.lm.r.'un-n' < ("N ";rr cem frar feed comacted
fmln.uu!r.'.f 2 ("n: I.’J (‘Jl "rra comacted

Shear base (V) gislill a8 U5 dclwa =

Vhase = Cs X W

]
2
=
w
o
w
m
o
=
h=3
‘@
a
Ve SpT, W WV =0.0445 W
0.55,W
2[R Do
| [EJ
1
TL
Pericd, T

Figure 6.2 Design Response Spectrum According fo the Fquivalent Laleral Force

Calculation of seismic response Coefficient (Cs) = dslaiu¥l Jdla ol s =

” [ Comar =502 (3)
min < S.fil (%) For T < T
Sp1TL (1
Sp— L 1;3,2 = (FE) For T > T,
0.044 5,_1,
Cinin = Max 0.01
\ 0.55; (;—e) For §; = 0.6

—
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Calculation the Vertical Distribution of Seismic Forces (ASCE 7-16 sec. 12.8.3)

dagt 50 JS (A Jeand Al a3 385 ) saY) o (il 13 e ay )58 o Sl A 3 ghadll () 5S5 (gae il i) Ao 4d jra 22y
O sl e e YL aiacld i (<G e () 5K 5 Aeaiional) 48 Hlall o2 (385 o i (Sl (<G L () oS5 aild cllal T g5 J) 5150 1 il
o) JSAL e sa LS el DU T elld g e WL () S5 al A e

Aol (a5 sinnn (51 (85 i3l Aslad) 03050 5 8l s
F,=C,V (ASCE 7-16 Equ 12.8-11)

Wy h¥

Cox = (rtr)  (ASCE 7-16 Equ 12.8-11)
=171 "

e  Cu Is the vertical distribution factor
e Vs the total lateral force at the base of the structure (KN)

e W, and W;are the portion of the total effective seismic weight of the structure (W) located or
assigned level x or i

e  h, and h; are the from the base of the structure to the level x or i (m)
e Kisan exponent related to the structure period as follow:

<05 K=1 for
>25 K=2 for

For a structure having a period between 0.5 and 2.5 s, k shall be determined by linear by interpolation

between 1 and 2
___ Fn N
[N A | ||
1L
|1
i Fy | Lw,] |
Jh
| 1

—y
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(VX @b ) (B AN asaail) gilal) ad ) A 331 o o8l A8 A il e m

(ASCE 7-16 sec. 12.8.4) Calculate the Horizontal Distribution of Seismic Forces

Y1 e il 8 0 5 e (V)
Sl il 38 e 3 ke o (Fy)

c;\_\.\ﬂ‘;ﬂ.&ﬂ[\ Julsl) CAQS\}.\.\\.A.U u.u}).ld\ ol @L@-’chﬂg\sﬁ}@\)ﬂ Z\me\)mm\ (:Jc G.u.uaﬂ\ (;SJLL:]\ Uil 64))3(‘;3:1}
Al ) Jlea) Jan) 81 adall daglie Jan 448 Canlay ¥ W jlagd) of Ja g (A1) ol jisall Belus laal) 8 335 of e
RETEN

L lia ddy blbdala Al cliaia il o
Al e gall (e oSl Gl any ) ASEELY) A5y Hhall aladiiuly Jdail) dlee o) ya) 2z
Torsional Irregularity Jaidu allaiylaae =
SR e u s Al (alll 58 e S5 ysn Gl Gl skl o J8 a5l 4 2 sanall Jlatall e 45 Ul dal Y B 5
Cllaall o) ja oy 438 Jidl) QUstly (alall Ja il giay o) 130 GUAT g Al (o gl A slia  daalisal) Aalidy) paliall Jle il
Al

A5 pUal) da) ) s Jale s

Calculate the Torsional Amplification Factor Ax (ASCE 7-16 sec 12.8.4.3)

6
= (55)? (ASCE 7-16 Equ. 12.8.15)
. ave

X

(X) & sisall vic Lasall & alaadl da)Y) 5,

(X) G simsall vie Laiall & 2 Blall sl Y Jana 5,

D Ual) Al V) aSil dalall aa 65 Y a8l iy 138 1.0 0 B3 13 s 85 1.0 e J Y15 3.0 e Jabaall 138 258 o s LS
3.0<Ax<1.0

MJILX\Z&)SJA\J\L@L;\M\DMZ\_@L@;\?S&AX?&E‘_\LHAmj

5 =9t .

iy >
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(Check of Overturning) <3N (e 3aail) =
Alall (5 sl L ) Y 5 o gl Gy aanad o ey 3l g1 of (ASCE 7-16 Sec. 12.8.5) pasiuall 2 &I any
OF e slie &y o Gang P A1 558l e gl QMY o e (5 siue sl 2ind ase Lglua o5 8 3l 30 3150 A8 all e dalill
- Al Aol DA e Liiall e i ) YY) A g e ol 25 4d Aegliall Al Sl 0 55915 s sl e Y AY) 5y 5k

n
Moverturning = § F; % h;
i=1

(i) o puiall 3 i) 40303005 30 : Fi

sacldll e (Fi ) 858 saic Yigi oAl gl )Y : hi

13 51 1.5 s sbaas sl Cpo B da gliall g 32l o DD dppnsall g jad) s il il 13 D@ A slia sLanall f (e (3aa)

;QL’J\ Lo il (3eas
F. S = Mresisting >15
M overturning
MJ‘.’.ABTAS}(:}M‘ (:)d\m""efg
0.437M,psisti
resisting >15

0-7Moverturning
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(Story Drift) Al clal Y1 (e 3hasl)

230l A3V e (e Y A5 A e clal 3] G 5 oke b sl ddee (e Aailll clal Y of e 12.8.6 58 b 35S 4y
sall) Al el Laial s ans cilal 3Y1 e U seandl Cd delrally Jalatll dlee (0

et Gl Baed Agial) dal 3V il a5 33l shall 28 JIS 381 50 mie Al 3ol ghall il ) G 3l Aildall da) 3YL aualy
liiall 4anlly &1 g Y1138 3o 3 G Gubaldll e 5 S dpnds <l 3 I W) ol ghall & S JESY) 505 e
el L) o)) LS Al jea ST () 585 aadinsall 35S0 ()8 A Aa)

LA il gl ) oy 380 5l 8 a1 S e 6l jamal) yealiall LIS 5 i5a el G JEEY) 3 g e
Lepand Al _pealin Aalaa (S5 o] 13 Fali e liadlly Al e 5 sl dlaall CaiuYl s ol sl gl
Slo 218 I palll Ol gy it L) Cilma ally S e S G Jaad 1A, @lld Gigan e

3 LS ALl g e Ladl)

il Jidadll 8 e Lo 138 5 i) A5 S Al agie 5 58 Lo Lami 5,0l clal JY (Jad oy Jad U1 o
cliial A il ¢l Al ds

& 55 Cruny s ol HUaY) dadlise Ao 48 yra 2ay Baadeall Ailgdl) R A 3355 Lanall 3 sl W05 VYT o i @
Aeadinad) dlasy) dlaal)

Sl Jalall i bl e (5 a1 5 e ila) HY) a (e 3SUI Cand (Sl il calday g paad) Lidl) K13 o

A AEal JBA e (L adl) Asalll s 3V ol 2y ) 5D Asalll s 3Y) oy (580 24l Aiidall s 3Y) Gl oy

5, = Calxe ASCE 7-10 Eq (12.8-15)

Ie

DY) ades Jale €
ol Jalall (e At A sl Al ¢yl JEEYI: 6,

X Gl (s gl

e 8001 5 s 2o Dpaganatll 4150301 5801 < Fy
F: Strength-level design earthquake
force.

AZ d}ﬂl‘hﬁttﬁ;ﬁg}&:ﬂﬂ u)a-“ dl-ﬁﬂhau
_-'u_jlia.ll 5 Pora Lic &,u:....aall UI_}!}"
8.x: Elastic displacement computed
under strength-level design

earthquake forces.
pdadadl JEY1 26,
0x = Cd Gex/le : Amplified displacement.
7 7 .
; 5 gl ZL By A,
Ay/hg: Story Drift Ratio (3l 7L 5301 dus Ay: Story Drift.
d0y: Total Displacement ;;K-" Jay Ac= (5“_ 6:;-1] Cs /Ie <A,
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S0 8 a5 LS Al Jlea¥) )i Gl s anaall Jlaa¥) Sl (e il il 3Y) Ol cang 431 LS

352 50 Jsaa e Lo Jsaall oy Al daall da) 53U Ly & sansall Aally L jlia e Y 488 50 JST AUl dal HY) s 2ay
obia) eam s Jsaadl 138 5 all SLESY) allaill e A1V (ASCE 7-16 Table12.12-1) 2550 &

ot sLiiall Ly 7 sansall Aaall dn) 3Y) dad o and Jsaall 138 (g
Agy= 0.02 X hg, for Risk Category Il

G gl e B ke 1 Ry

Table 12.12<1 Allowable Story Drift, 4 ,**

Risk Category

Fruclure Larll 1 ¥
Structures, other than masonry shear wall structures, four stories 000250, L0200, 0L 50y,

or less above the base as defined in Section 11.2, with interior

walls, partitions, ceilings. and exterior wall systems that have

been designed to accommodate the story drifis
Masonry cantilever shear wall structures” OO LNy, OO LNy, OO LNy,
Other masonry shear wall structures 0Ty, 0Ty, 0Ty,
All other structures L0200, 0L 50y, OO LNy,
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P-Delta Effects sl Jian) gl LA (40 3dasill

Lila) a5 e 55 58 Al 55 la) 3Y) 038 5 cLiiall (3ol sha 8 Juaan i) 5 A8Y) sl Y (e daill 4y 1 el H8lIL oy ) il o3a
G G Le ) Ay gl ol il G pas Al o el 5 (o 58 o2 5 ALEY) araail) oL lavall 8 3355 ol AALEY) jealiall e
.P-Delta Effects

12.8.1 anill ASCE 7 2188 5 33anall 4 pall da) 3Y) ¥l 5 msanaill (5 siusa e 203050 (5 58 alasinly P-delta < yils s 23

Ol L) Ly e sdall (358 il Jas g oall Janll g cisall Al gaall  Jlaa) il 4l e g il o 3l Cay ja o5y gidal) @l
Y ¢ P- delta <ol il cila) 3Y1 st 3 Galdal) g Uiyl 8 T e siall 8 05150 el Ll Al o 5l o s, sl Gll
gl 5yl e 12.8.2 il L i ) e asl) Gubayy

asomdl (A s g el A 0 5S5 Ladie (g Tan 5 S al shall e 3al giall clad 33 () 65 Lanie e W) s <l 53l o2a 24 a3y
A A8 dail) 038 (e aaa s (0.1) (e ST Gilda (Y A )l
P.Al,

a Vxthd
e P, isthe total design vertical load at and above level x

ASCE 7 — 16 Equ (12.8 — 16)

e Aisthe design story drift , I, is the importance factor

e I, is the seismic shear force acting between level x and x-1

e h, isthe story height below level x , C, is the deflection amplification factor
Omax = ;TZ <0.25 ASCE7—16 Equ(12.8—-17) Adull dadll pe 25 V) G

is the ratio of shear demand to shear capacity for the story between Levels x and x-1. This ratio 3
permitted to be taken as 1.0 conservatively.

f—A—q N 7
Wi*Ui P R "
o < — Wi*Uih
Original position of frume/ Final deflected position of F — sl _l_. >
clement shown by vertical line frame element that included hi
the global lateral r i WS
Position of frame clement translation , A,and the local = b WEl
as  result of global lateral deformation of the element,d
translation , A, shown by~ A | |
dashed line
== ==
came e Wk el e R (a) Displaced position (b) Additional overturning
. | 4a )l )i (174 | :
A(P-A) A0 0 0 Dt 00 o17-4) 20 of story weights moments or lateral loads

Overturning Loads Due to Translation of Story Weight

A LN Jlaa) 2l 4530 ALYl i) :(18-4) Ji
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Modal Response Spectrum Analysis Method dslaiad) cipay Saalipall Julail) 48, 1k

Ao YU clal 315 sl 5 e ) o) saatd Linall das el ) 3 sed yie Saaliall Jidatl) (3 )k (e lata¥) Cada Jilas
eraadl) i) Caglay Aliaiall e V1 Ol 3ed) G Laiul) (e e

oaalii Alaall LSualinall Gl al) alag) any (5 yad Sailiad) sl lilee (e de sana e 3 ke (o8 i) Canb Julas 48 5k ()
Akl Aty Cagda 48 Hha aladinly Jlasl) & ghad da A L;;EML@LMA};)UKA\MJSJ;TQAMQSQ&»M;\}Q

Labail e g gind ) daainal) clinall gie JS selun 5 Legle Jaidy A JISU 2 jal) a5 sl Laiall a5l 23 gail) Jiag O oy
O il of dabiinal) ye colinall Ll alas JS el alay¥) 3008 Aliie o 3la Wi o) Goa ity Al 3150 5 58l) Ao glial Baclaia it
el A Salipall 4 jall e il ) Gl il sl D 23 s Ll 8 e IS Gy () i Baalaie 400 Cld Aokl

(gasanll gl Jga ) )90 g Jadusall & (paalate cpaladl 8 JlEsy)

L5 pe diiad 3 saill Gy o) oy @Y 5 sill o il aUaill (e A0 senll pualindl pe 43 lie 3ala e e alsall oS5
O S ALYl Al dlainy) el clinall & al sl deabise Cluad 4y slhadl) W€ 3 Calinall 4 jall (e Cila ja g Jal sall
;O U i) 4 3 G s 73 el

40 8l JSLel) alail Assiiall (Cracked Section) adalaal) A6 o) < Al At g daliall Al Al jaliall seluall yal &
A il da ) colial die -l ddhaie il 5 daalise cliluall 8 3355 () sy s jadl da 5Ll

Modes Ji <y hlail o

(s shll daalusall Jalaa 5 ¢ shall JSEaaia g ¢ ) sl S5 56 dnanaia dLiiall Lpegdall ol 51 51 Sl shal slagl Jalas (5l ety o oy
T3 salll ALS

4aaal) ALY (0 0490 JBY) o (5 b o ylaie AL ) ghal danlisal prant Juaninl ) sha¥) (e LS Tane Jalaill ey off iy
Ondalaiall palasV) IS 8

> -

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5

Ll QW) e
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Alaiuyl ciah Jatlagelghi o
ASCE 7-16 S: a1 3 58U dailly 5 axiiuall 2 581 8 g dpapanail) dlaial) Caa e Jpanll  w
Geda ST 30 00 s Lasall W50 000 s m
Lﬁ;.)c\‘j]\ uaﬂb@.\\lndﬁi.\ﬂ.\\.ﬂ\ u4§3‘ s lua m

Design Values dsmaill asll

e Walaal Ciny (s siune JSICal_atY) 5 3 3Y1 5 a5 BiUall Gl ad e JS 5 Bac i) 6 ) sha JST conliaall il Sasanal) dasdl
WJSQLMJAE}M@.&JJSS\ )J;“ JALLA“&SA.\JQ.\A @A;ﬂ\fuh\cu) ‘)}LJSUAM\ )}Ldﬁhh@ﬂ\wgﬁ
Cllaall e oy Lixie Complete :CQC Quadratic Combination ISV el gl 48 1k g laly 5 ¢ sha (< dalias

sk eda il G S E 3 ga g AEEY) ) sk Il shal (e JS A e il i Jlexinly 5 a3 Sl

Aalia) Ay ety Aalal) A 3050 el o
Lol daae e aslil) w
12.9.1.1 2l (258 (8255 LS % 90 Go JE5 Y Lo ALK AS e o 055 il lnl Renisal) BLai¥l of (1o Gl
(Bomlaadl) palli 598 290 e aslil) =

(T ) Liiall Coveny 2l 353800 5 slai (o)) aty b (il e Y 23S dplad) 5 68 48y yha Ll Gl 320 ) (al Caen
oaill Lpaganaill dagll o S5 Laxie (T ) Liiall Ayl 21 5 53l 8 Uy juine (Cy) sl 353l e W) sl Jalaa ¢l 5L
faraatll adl) oyl o (i ALKl Al 5 5l A8y Hla ¢ Ll o gusal) Sac 8l ad (38 %100 e 8 73 geill b)) Baclal)

1Y) daanll oy ecila Y15 g dall g ¢ Gl (5 8 (4o Gidall

(VELF /VDynamic) ...................... (ASCE 7'16)

-

(RS Anlal) 48, SRl Ay suanall Aol (2838 = VELF)

(ALY Cada A3 jlay A sl Ap2e B il 38 = Vpynamic )

P-Delta Effects st Juad) s i) (e 3-Baill =
Check of Overturning <34 (e G-4aidl =
(Story Drift) ipdigdal) claly 35 (e Giail)
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. Autodesk Robot Structural Analysis 2022 e
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AL 38 e s Y
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HEJCETEN
(1) QLY uainll 55 1 (W)
(Y) ol (i) FaY) paiall 38 ye (e ddlaall 1 (Xi)
(YY) snall Al AUKY S 40
Yiz1 WiYi
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O G
(i) Sy seaiall (535 (W)
(X) Dl s (i) Sy saaiall 58 5 o ALl (Y)

ALl S ya Gl dic WA a3 Al i e Y)

(Solid Part-cac Y1) ¢lld Sl duana) A3 (e SIS () )5 clea die JolSIL A3 slasf 28] 2 AL o
sl ) oall Canatia ) (g slall ) sall Chualiia e Leelii )) a0 2y 3aacy) o

[116]



sl 303 dysaa SBI Jall . gLl

cedind) sl Cauatia I g slall ) sall Caiatia (e lgelii )l 331 ) jaadl o

Ol Lel da Ja () as %630 5 dasilad) dalsd) (e %70 daniy z JAY 3 dalas ) Clgal s aladind &3 : 0l yoall ) 550 e
- ol Lasa A3 ()5S AL e aliiie g ) se JeaS Lo 5 3888 68 4la)a) ada) g8l 4000)

s AN sl e Jad JeaS el 5l Gl Alaall Apaeall jualiall (lua a3 @

89&&#\}5)49@:@3&

Mﬁuﬂ\jé.\u\ \M‘sﬂ:\:\.\.\\.;j\ d@m%;@\@w‘g\w\ palic 'B;L-»A‘)SJAML@LH‘LMJSJAME
O (S dguila 5 8 (gl o L ) 55 La ) il e Laliad) 8 ALY S je Lale aaied 3l Al o ol Gail) Gl jas 5 52ec Y
i) o alana) e i ol oS dila 368 6V Lgaza et Al & ALK Ll 55 il Adail) gd UL Lele dalus
38 e laea 3yl e Beluad) 3 ye e A8yl (B85 Y L 5 il L) (e ) Aalad) (s 58 ol ) Ay )
a8 ¢ gealiall 13 seal a e canad o ) )s) e Lin (a8 e ) s Lgln 3 )S8 a5 8 (g0 B punnall ALK
Agaladl g sl a5l ) jealinll a5 50ae Y5 ) paall Alldandl o e 220 Lia 2 Tilad g o lial) o 3l 138 3S 5e

% (uas“ O SJAQY\) dJYJﬂ a.nju.d\ :\:\.wi)j\ Ja..a\_\:j (X,Y) ugJ)Mﬂ Al 3elaall Ny Qw\h‘\ claa é
ol cprilalead) A

(X) ssaall Lpudlly Bl S50

K= BT =
o PV peainll Jiles e Juaill g 55 Sle ading
TS RTEN

4 all dalxs 1 (E)

(X) sl s SY) paiall SN sl 652 ()

(X)) Dsaalls (i) ALY peainll G A8l :(Y)

(Y) soaall dpilly Bpleanll S50

Y kyxX oEly i ne . oy . . .
Yor = S5m0 kv =T G painll les (o JuaW g 58 o 2ainy T

B

(ol dus

L5 all Jalaa : (E)

(Y) snall Jsa LG jeaiall 5131 sl o 5e 1 (Iy)
(Y) Dsnalls (i) GUEY) puaiall G A8l 2 (i)

(Eccentricity) (A2 S adUf) selawat) g 405l 38 10 cilpfian) g (3400 ;EG
3eliSll 53 03l 535 L paiall (unigalld il O a5 Baae W) a5 65 G (e Adaill 038 el (uigall 3303 95 )l el
Gy ¢ ualinll 028 cilala) 8 SIS L) 5 J) skl 8 i (ud canlite (S8 il Gl jaa 5 B ) o ) 55 gty 48K
Leale Jaans Ll Jadloaall () W) oyl Sae JBY) e aiSd Tlae 138 Jiaiany 38 s g a3 5elusal) s A1SI (5 3S ya (Suday
ddads 8 oliadaie Beluall g ALSH (6 38 jo Jan (8 1A 3 ylaline e XS g ClalatY) aaen (e dedalie je 5S35 (5 jlenall (10
AL (538 50 Om San (U8 Bl e Jgeanl) utigall Gile e Jlay ¢S5 Alaiie (S5 ol o) doneall ) 5aY1 3205
138 Jlaa) aze (uaigall o cany Unall g & slall U35 il o jam 5 5200 DU a5 53 die 2o gall sle) e camg 3 Belusall g

[117]



sl 303 dysaa SBI Jall . gLl

Lail 5 gl G (e Jadh G (S Jall (I g sl 5 Ltiall Bpalial) Gl aile o i Cun d8DI) 48 Jalacil) f 2l
Alaidyl e o Jgpanll dua el

sl Laboal llb iy s3aa (68 0 5S5 ) (525 Led 5 i A (g 5 A0 38 DML Belluaad) 5 AL (538 ja (e (3R A oy
6332 8mS LS 5aY a0l s ¢ 48 & ks (3 olasWL sliiall wds ) (g Anilad) J1 350 3.8 0f s skl A4S
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OS5 A ealialld, selusall S 5e (0 Lgad ge oy AT juslic e 558l (o (it gualiall Gany e Al (o aie
488Y) (g A 5 Jah Beluall S pe dga 05SE Al ualinl) Loy elgale 488Y) 558l 2 33 8eluall 38 e (in g AN S ja dga
e LBV sl w5 8 Y da pd i LS Beluad) S 5o (e Lgad s canny JI1N olatY dSlae dgn 2316 385 Lgile

Anlay) paliall

LS LS 2 38 5a0 638 ol s Liiall ey 0 3S5ad (sl aal LS Laif 5 el alaie W) (San ale lna Uit a5 Y
IS a5 i oS3 a3l Gl g (50U sl Jlima g g a3 13 ¢ s0laBl ye apanail

-~ €

It i 0 excellent
Je

It 7 T R very good

: e o
If: 5% < -E-S {10 15 . good

- 8 ‘
It: = 2 B0 Yo v 110t economic
O il 3 e Y Alls Juaa¥) i) aae Aoy
h\)‘}” a.AAj:;\.uJJAA]\ B)SS\ sl CA.JALQ_\AAAJ\ @c\.ﬁu.d\ JLzJi ws%u)ﬁhmg_iw\‘ﬂ.&“ )S)aaur_ C\).HM\ )S)A

1ot il e Bl siall 43S a0l ld agle 5 40 Ul da) VL e
€rotal = €; £ (0.05L;)

Aalatia pall chleliiall 85 S culal 3Y) oda ()5S0 y (aida JS e o e ot Al 3Y) oda

Lz | I
|
¥
a, g
) H weall §
x ,’./
o ! 1
W ’ CM 1 x
—_ —= 1 =
11
o ay
Laf2 CcR 5 K
e . __er R
¥, ¥ M
L =1 | 5 “\J
Iuy \\i Wall f
»
X

[118]



sl 303 dysaa SBI Jall . gLl

£ 5 siall Beluadl g ALY 35 0

i et 10108 | bt
Name Mass (kg) G (x,y.Z) (m) R (x.y.z) (m) exl (m) eyl (m}
Story 1 132934603 | 26.63 21.33 0.28 | 26.63 21.76 -0.02 0.00 043
Story 2 1298977 70| 26.63 21.33 3.65| 26.71 21.18 3.37 0.08 0.15
Story 3 1298977 70| 26.63 21.33 6.95| 26.71 21.18 6.67 0.08 0.15
Story 4 1298977.70| 26.63 21.33 10.2| 26.71 21.07 9.97 0.08 0.25
Story & 1298977.70| 26.63 21.33 13.56| 26.71 21.07 13.2 0.08 0.25
Story 6 1298977.70| 26.63 2133 16.8| 26.71 21.08 16.5 0.08 0.25
Story 7 129897770 26.63 21.33 20.1| 26.71 21.18 19.8 0.08 014
Story 8 129897770 26.63 2133 23.4| 26.71 21.18 23.1 0.08 014
Story 9 1298977 70| 26.63 21.33 26.7| 26.71 21.08 26.4 0.08 0.25
Story 10 1298977.70| 26.63 21.33 30.0| 26.71 21.18 29.7 0.08 0.14
Story 11 1298977.70| 26.63 21.33 33.3| 26.71 21.07 33.0 0.08 0.25
Story 12 1298977.70| 26.63 2133 36.6| 26.71 21.07 36.3 0.08 0.25
Story 13 1298977.70| 26.63 21.33 39.9| 26.71 21.07 39.6 0.08 0.25
Story 14 1298977 70| 26.63 2133 43.2| 26.71 21.07 42.9 0.08 0.25
Story 1 1329346.03| 26.63 21.33 0.28 | 26.63 21.76 -0.02 0.00 0.43
Story 2 1298977.70| 26.63 21.33 3.65| 26.71 21.18 3.37 0.08 0.15
Story 3 1298977.70| 26.63 21.33 6.95| 26.71 21.18 6.67 0.08 0.15
Story 4 129897770 26.63 21.33 10.2| 26.71 21.07 9.97 0.08 0.25
Story 5 1298977.70| 26.63 2133 13.5| 26.71 21.07 13.2 0.08 0.25
Story 6 129897770 26.63 21.33 16.8| 26.71 21.08 16.5 0.08 0.25
Story 7 129897770 | 26.63 21.33 20.1| 26.71 21.18 19.8 0.08 0.14
Story 8 1298977 70| 26.63 2133 23.4| 26.71 21.18 23.1 0.08 014
Story 9 1298977.70| 26.63 21.33 26.7| 26.71 21.08 26.4 0.08 0.25
Story 10 129897770 26.63 21.33 30.0| 26.71 21.18 29.7 0.08 014
Story 11 1298977.70| 26.63 2133 33.3| 26.71 21.07 33.0 0.08 0.25
Story 12 129897770 26.63 21.33 36.6| 26.71 21.07 36.3 0.08 0.25
Story 13 1298977 70| 26.63 21.33 39.9| 26.71 21.07 396 0.08 0.25
Story 14 1298977 70| 26.63 2133 43.2| 26.71 21.07 42.9 0.08 0.25

Aol 5 s Aol oda ety Xooladl (89 0.92 & Y oladl 3% 3.183 (5 sbow alatie Ay 38 pa g sane Jans gia
ANt e tallaga sy

O 9 pdall Auaa¥) Jalaa g Risk Category 4l sidal) diia 13 (@
168 ) sl i apam o5 A0l AR 3 ulill Al a3 S iy 58 S e 435 Ll il ) 1 ks
(Sl 151 Jsas 1.5 2l A ASCE 7-16 é)ﬁ!\ 2 <l
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1 sl i) dalxa Risk Category 11 (5.1-2 ) dsaall (s

Table 1.5-2 Importance Factors by Risk Category of Buildings and
Other Structures for Snow, Ice, and Earthquake Loads

Risk Snow Ice Importance Ice Importance Seismic
Category from Importance Factor— Factor—Wind, Importance
Table 1.5-1 Factor, I, Thickness, /; I Factor, I,
I 0.80 0.80 1.00 1.00

i | 1.00 100 1.00 1.00
T 1.10 1.15 1.00 1.25
v 1.20 1.25 100 1.50

Note: The component importance factor, £, applicable to earthquake loads, is
not included in this table because it depends on the importance of the
individual component rather than that of the building as a whole, or its
occupancy. Refer to Section 13.1.3.

ad wasi (b

A )Y AS jall agdal) Jaadl

e:ﬁ u
A1

e 5y ie Laaaal 4300 3150 dpca V1 AS el el Jumadill (e 4 jaall Lead ge cavany cliiall i luall Ganads
aLcJLuﬂ\Héatﬁjezﬁ,,513435@13&)\4342\1:,,}:.@)3)35&&}&\ daill g ¢ Sgaul (0.2 W lata 5 pual
Agiadl) 4y ) sgandly Lualad) g sadizall (gan N ) Sl dday )2 (4

Ss=0.83 ¢
S1=0.26¢

Site class gdsall aia =

sl Ciin i b 3 20 Jomill 8 S Y 35S bl (88 5 Litial) 18 o s il BAIS ST g Ll 53 5 el 1l

11.4.3 xll oSl =laillaa s Class D

Table 11.4-2 Long-Period Site Coefficient, F, Table 11.4-1 Short-Period Site Coefficient, F,
Mapped Risk-Targeted C Earthg (MCEg) Sp Mapped Risk-Targeted C (MCEg) Sp
A P at 1-s Period A P at Short Period
Site Site
Class §; <01 §;,=02 §;=03 §,=04 §;=05 8,206 Class S5<025 Ss=05 Ss=075 Ss=10 Ss=125 Sg=15
A 0.8 0.8 08 0.8 08 0.8 A 0.8 0.8 0.8 0.8 0.8 0.8
B 0.8 0.8 0.8 0.8 0.8 08 B 0.9 0.9 0.9 0.9 0.9 0.9
2 1.5 1.5 1.5 1.5 1.5 1.4 C 1.3 1.3 1.2 1.2 1.2 1.2
> 24 22° 2.0° 1.9° 1.8° 1.7 D 1.6 1.4 1.2 1.1 1.0 1.0}
E 42 See See See See See E 24 1.7 1.3 See See See
Section Section Section  Section  Section Section  Section  Section
1148 1148 1148 1148 1148 1148 1148 1148
F See See See See See See F See See See See See See
Section Section Section' Secfion Section® Section Section  Section  Section  Section  Section  Section
1148 1148 1148 1148 1148 1148 1148 1148 1148 1148 1148 1148
Note: Use straight-line interpolation for intermediate values of . Note: Use straight-line interpolation for intermediate values of S,.
“Also, see requirements for site-specific ground motions in Section 11.4.8.

Fa = 1.168 For (Ss=0.83) By Interpolation.

Fv = 2.0800 For (S1=0.26) By Interpolation.

D sl caial Jandl) alae ) Gidall g bl E lilas w
Site Coefficient and Risk-Targeted Maximum Considered Earthquake (MCER) Spectral Response
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Acceleration Parameters
Sms = F; xS =1.168x0.83 =0969 ¢ Eq (114 -1)
Smi1 =F,xS5; =2.08x0.26 =0.525¢ Eq (114 —-2)

:Design Spectral Acceleration Parameters gbiall (pii¥) (I coail) &dall & jldll O llae =

2 2
Sps =3 Sws =73 X0.969 = 0.646g  Eq (114 - 3)

2 2
Sp1=73 Sw1=3x0.525=03605g Eq(114-4)

Seismic Design Category (SDC) ¢ 9 iall ad gall azaaill 3130 cisiatl) (C

Ciia s gasaail) bl g bl Cllae all Wiy casaaill 35N Coiall aaas o5 11,6 2wl S e 3 SU
:11.6.1 & 11.6.1 Jshaal Ja e A3l ol

TABLE 11.6-1 Seismic Design Category Based on Short-Period || TABLE 11.6-1 Seismic Design Category Based on Short-Period
Response Acceleration Parameter Response Acceleration Parameter
Risk Category Risk Category
Value of Spg lorllorll v Value of Spg lorlfor Il v
Sps <0.167 A A Sps <0.167 A A
0.167 < §p5 <033 B C 0167 < §5 < 033 B C
0.33 < §ns < 0.50 C D (.33 < 5,5 <050 C D
0.50 < Sps D D 0.50 < Spg D D

SDC (D) '3 aremaill Ciiia s 25 o3e | Jsandl IS (1

ASCE7-16 55U g Jg¥) £ g puiiall 8 aaiicaall Asilad) Jlaadll a gliall ALY aUAM waas (d
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Ll e g ) 5l OY ¢ 115 asanail) Coia anliy g & 5 peiall Gy Lay o jLia) o5 dgilad) Jlaa DU laal) ALy aladl) )
(Dual System) alisall alail) jlodl) 2lie 5 phe A (A3 el Caiallid g2 gana y2 gl )l g alaaiu I As ganse
Al (el G e o sSal) Lalidal) sl aladiuly ey SDCD" catiatll ) ua Anilall Tl N (o 8l A gl
ASCE 7-16 Table Jsxall & mase sa WS Special Moment Frames 4ala &l jUal 5 Special Shear Walls

. (12.2-1)

Table 12.2-1 Design Coefficlents and Factors for Salsmic Forca-Reslsting Systems

Structural Systerm Limitations

Including Structural Height, b, {it) Limits™

ASCE 7 Section
Seismic Design Category
Whers Detailing Respansa Deflection e Hexlgn

Requirements Modification Overstrength Amplification

Seismic Force-Aesisting System Are Specified Cosfficient, A* Factor, " Facior, £a° B C o* E" F
D. DUAL SYSTEMS WITH SPECIAL MOMENT FRAMES CAPABLE 12251
OF RESISTING AT LEAST 25% OF PRESCRIBED SEISMIC FORCES
1. Steel eccentrically braced frames 14.1 8 e} 4 NL NL NL NL NL
2 i i il frame. L4 1 2% 3% NI ML Al M1 'l |
I 3_ Special reinforced concrete shear walls®* 14.2 7 it} i) NL L ML ML ML
4. Ordinary reinforced concrete shear walls® 14.2 i) ekt ] 5 NL NL NP NP NP
5. Steel and concrete composite eccentrically braced frames 143 8 i 4 NL NL NL NL NL
£ Steel and concrete composite special concentrically braced framies 143 ] i 5 NL NL NL NL NL
7. Steel and concrete composite plate shear walls 143 FiG] % 3] NL NL NL NL NL
8. Steel and concrete composite special shear walls 143 7 % 3] NL NL WL NL NL
9. Steel and concrete composite ondinary shear walls 143 il ekt 5 NL ML MNP NP NP
10 Special reinforced masonry shear walls 144 S 3 5 NL NL NL NL NL
11. Intermediate reinforced masonry shear walls 144 4 3 3l NL ML MNP NP NP
12. Steel buckling-restrained braced frames 14.1 ] el 5 NL NL NL NL NL
13. Steel special plate shear walls 14.1 8 el 6l NL NL NL NL NL

DUl SLasY) sl Aalal) e pid) -
R (Response modification coefficient) = 7

Cq (Deflection amplification factor) =5.5

Q (System overstrength factor) = 2.5

;Qi Cua

-

Sainy s cpadiuaal) ALY A g5 e el g Jabaall 138 ¢ Cum Al shaeall Jalaas o Lo ) Aulaiadl) Jan Jalas R
T oalall o sa Y1 lie 5l e s Adyie A i e il cnt ALY Jaal) Calinal 2l Y Qs e

2.5 Lie 5 il a5 4 gliall 0S5 Jalaa ()
4.5 e 5 pdal 43 g 0l Al 5 (V45 je dal ) (e Adilall A 5Y) Jysadl ooty 5 Al HY) 5SS Jelas €
- o A £ g pdall Aaladiia 7 pameal) g Aa jiial) AulaSY) Aaba) ayaas |

halaill 7 gt ew\ A S5 dald (b o) aa & Aglle &l plda) e ¢ eS LﬁmJ Dual System Jalid Ll etﬁm DA ol
ASCE 7-10 Table 12.2-1 2 g sa A LS D A3

For dual System with Intermidit Moment Frame and Spicel Shear Wall :

R=6.5 , Cd=5 , (X>=2.5
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Table 12.2-1 (Cornsiredy

Structural System
Limitations Including

ASCE T Soructural Height, f, (Ft)
Section Limits®
Where Response
Detailing MModification Deflection Seismic Design Category
Requirements  Coefficient,  Overstreagth _Amplification
Seismic Force-Resisting System Are Specified R Factor, £3,% Factor, CJ B - s o B | o
7. Steel and concrete composite plate 143 TiE EIe = NL NL NL NL NL
shear walls
B. Steel and concrete composite special 123 7 2R - NL NL NL NL  NL
shear walls
9. Steel and concrete composite ordinary 123 s 2R s NL NL NP NP NP
rforced masonry shear walls 144 sua E s NL NL NL NL  NL
einforced mason ry shear 144 A E =2 NL NL NP NP NP
—restrained braced 121 = e s NL @ NL NL  NL  NL
13. Sweel special plate shear walls 121 = 2% e NL ML ML NL NL
E. DUAL SYSTERMS WITEH 12251
INTERMEDIATE MOMENT
FRAMES CAPABLE OF
RESISTING AT LEAST 25% OF
PRESCRIBED SELSMIC FORCES
1. Sweel special concentrically braced 141 s 218 £ NL ML 35 NP NP
frames’
2. Special reinforced concrete shear walls'  14.2 ala 218 s NL NL 160 100 100
3. Ordinary reinforced masonry shear 144 E 1 =2 NL 160 NP NP NP
walls
4. Intermediate reinforced masonry shear 144 3e 1 3 NL NL NP NP NP
walls
5. Steel and concrete composite special 143 s1e 2% ara NL NL 160 100 NP
concentrically braced frames
&. Steel and concrete composite ordinary 143 =28 2% 3 NL NL NP NP NP
braced frames
7. Steel and concrete composite ordinary 123 E E avs NL NL NP NP NP
shear walls
8. Ordinary reinforced concrete shear 122 sun 2% avs NL NL NP NP NP

walls”

(For dual System with Intermidit Moment Frame and Spicel Shear Wall)

(12.2-1) dsaadl e A Adbesal) cdlalaal) Gl Lalid) 3 o<l Cla g

daa) ya 5 pabain V) culd Ciligd) U8 (pe 481 gall 5 apaill oyl Jsandl L3530 5l e 4005050 5 58l A slie dadaif aladiinly eans)
) araaill jlae saa o Cangy Ay HLEAY 5 AL UL L) 5 avealll julaa (e dnlias de ganal Jiiall ALY araal
Jaaliil) ¢ aUaill Bl 5 5 <l S ananail 4y gllaall Cile )yl el ;Y15 515 avenaill 438 @lld é Loy calaill alodial e 5 g8
Ladiall i) s of ang, (Cg) o558 mpdaai dale 5 (£2,) 330 31 L sliall Jale ¢ (R) dlacial) Jaans Jalas a5 4 sllaal)
Sl Gsang dag e gl Eisan Jlaial I 058 araaill julee Of a5 5 alaill Adadl) e Sl (ailiadll

one st e ol jhe™U oyl Jlaa¥) aast sy 175 sha caiia cild Gliiall (109%) oo 22 Y(MCER)
Alanall ol HLaaY) by g dadaill 483 5 asanalll julee 3 ga 8 Gl 2o alias lawal) 8 330 of caag s allaill s
A Y S jall g

(5 8l Ao glaall i) Alaadl o5 38 4aY Lanall o 15 88V o ladWl alaidly Gaalad) 2000 5050 el A 48 yre Cany
OS5 Ladie Dia Jaa sl o3a 5 ¢ 5 <8l DU Laalise Lo Al dlaa adintd Ladie dald ¢ palaiVl Lewds Cangl 4568Y)
aall 0585 Liie Claladyl aal 8 ALl HUaY) il sae ¢ 65 Ladie (gl (Die Jilatiose Jafiss) ddlide Lafsall o Liiall sla
a6 DAY oY) 5 ¢3S (V) (85858 psia (R) AL Jadd (1 0 jaa e 3 ke 48831 (5 ll A il 4alisy)
=8 8 5855 08 (R) Ul il jU) e gl 0l paa (e 5 e 488Y) (5 5l Aa laal) ALy dleall o 65 ladie 55,5 <l Yl
o=ai Al (ASCE 7-16 Section 12.2.3.3) aull kil (g jlall (uaigall pwtigh (paldl 53 580 e adiay 138 5 63 _ia(V)
O oY R Al B e Sl A jal) a8 slat¥) A aranaill ardiiceal) R cdulaciad) Jaand Jalea dad ¢ <5 Y g il e
S 13 b qgthall R aa e 5.1 311 da gliall Jals g 0 pdill asiual Jale ¢ 68 of ua, olad¥) 138 b Aaadiioual) Akt
Gl iy oLV i (8 e (e Al Ao sana ALY (Sl )5S Levie (ASCE 7-16 Section 12.2.3.1) xull i
AU L)
g siadl a3l (R, Cd , Q) i) CBlalaa aladiuly gracy (R) paddia dladic) Jasad Jalaa iud) U3l ()9S Ladic o
S Al Jaans Jalaa ) o) Llatia) Jaaad Jalea L (B g puday il pUBH ) (g slal) aURE (ha 4 giial)
LCpalladl) S 6 glal) AUA (R, Cd, Q) prasail) cBlalaa aladied o (B Alatia) S Jalaa g glall aUSIL 065 Latic o
Exceptions <leliiiul 3 g 5 2e

[123]



sl 303 dysaa SBI Jall . gLl

WSSl 05 (Meal 00 %10 G Wiss s G Leelii)) 25 Y whu) JSba o
Sl 005 0 %10 e BBl sl (s s ()52 A A e LS Aalail o

it el die dladie (Sl @

(Frist Analysis) — 83! J—tail) ¢)

e dadsi dglae o) ja) o (e g 4 AalAd) Elalaall &) Al dla AL B ghadll 85 jlial) o3 (g3l ALY oUail) dae o3 e ol
lale Gab Sy dadaill o) jaY As el A8kl o clld aay oSS0 5 40 515 sl o) ja) by Ss A 28 )kl el g
A s

g_x3‘3r1¢;x\1x\2;xac;;,;.! °

2 oS0 A g3 As g Jalat 38yl e i Y5 A3l 3150 cligal o) ol W iy s IV Jalall ddee ¢ )

Table 6.6.3.1.1(a)—Moments of inertia and cross-
sectional areas permitted for elastic analysis at
factored load level
Cross- . Cross-
sectional sectional arca
Member and Moment of | area for axial | for shear
‘;"J] icy) condition inertia deformations ' deformartions
54 ) Columns CLTOM, |
Structural Lot s Uncracked 0701, KA..: ai
Modeling Cracked 0.351, Lod, | By
Requirements | || Beams | o355 |
Flat plates and Hat slabs 0.251, |
RSP RPN RERIAN &

:(ASCE 7-16 Sec 12.7.3) ull &

Modeling Diaphragm al_8ball dsiai o

& gl 4y e Jpemal) G il o (ag chelunll S s e Jgemnll g jad el g alia o) LS Aoty o) Lol dndas
(ASCE 7-16 Sec 12.3) aull e Laiall il ol Ll Jiay 43Y o sina 8 alia 4nd o) 5302 S o) jilbal) e

Effects Of Cracked Sections (gadiall (i all phadall (ailad o

Dyl a6 (e il al Aghad (3 e Lerdinad) Julaill A8y 5l o L5 6.6.3.1.1 21l ACH 318-19 S saY1 o581 b
6.6.3.1.1 Jsall iy il alaliall 33)
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csussllls 43 Lysha I Jaall s il

[ ] If Kl < 70% Kz OT' 70% A1> AZ
o If K <B0%ZTEE Or 0% x A>T

(Extreme Soft story) 3sluall 48 & gild giall — 3sluad) aUST) s
e If Ky <60%K, Or 60%A;> A,

Ay+Az+Ay

paldl) £ g pdiall pluald) AUAL) adc e 8l

o If K <70%EEE 0r 70% X Ag>

SOFT STORY LY o s

stoy ik kgn) iy (kgm) 2 kgm) RATOK | RATION RATIO

Level 1 231340349.1 266567377.6 498437T26.7 385.0090008 |  717.0461371 §11.755339

Level 2 60235015.96 37174369.1 97403384.66 1044665867 | 1043352713 1044164338

Level 3 57633599.57 3620723.89 9328332349 90.90997034 |  99.990769%4 99.99983378

Level 4 57653616.67 3062809.86 93183420.54 1000000297 | 1000000724 100.0000459

Level § 5765399.97 362078017 93283379.73 99.99907255 | 9999992661 99.99995498

Level 6 576396194 3620806.32 93283421.73 100.0000251 | 1000000747 100000044

Level 7 5765360093 35624779.11 93183380.64 999099727 | 99.99992658 99.99995509

Level 8 57633616.67 30620803.87 93183420.54 1000000307 | 1000000681 100000045

Level § 51633598.97 30620781.6 832893806 99.99999781 | 100.0000013 9999999913

Level 10 57653600.23 30620781.16 9318338139 100.0000012 100 100.0000007

Level 11 6765399, 30620781.16 93289380.72 100.0000002 100 1000000001

Level 12 5763359943 30620781.16 93289380.59 100.000001 99.99999871 1000000001

Level 13 5765398.87 30620781.61 931838049 99.99999764 | 100.0000013 9999999904

Level 14 67653600.28 30620781.16 9328938139 99.97635418 89.9730113 9987507749

Level 15 S1673237.94 30639399.7 93312637.4
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B Jilasl gyl allt

- |

5 SOFT STORY ALyl e cifls

6] sto RATIO IX RATIOIY RATIO IZ
471 Level1 101.2340605 | 101.4485107 101.3681306
4] Level2 99.09999856 | 99.99999894 99.09999878
49]  Leveld 99.09999566 | 99.99999895 99.99999756
501  Leveld 100.0000043 | 100.0000011 100.0000024
o1 Level 99.09999566 | 99.99999679 99.00999574
22| Level 99.09999856 100 99.09999939
53| Level7 100 100 100
41 Level 8 100 100 100

2| Leveld 100 100 100
56| LeveL10 100.0000014 ) 100.0000032 100.0000024
57| Level 1l 100.0000014 100 100.0000006
26| Level12 100 100 100
591 Level13 99.00099975 | 99.99867846 99.00923531
00| LeveL14

1

Ss¥ & sill o sl ) AT pic Lina 22 Y 4] S gland) (o Lin

Weight (Mass) Irregularity (Aisll) ¢ sl aU3EN) ase =

ALEY) axe o) L slae il Alladl) ALK (40 94150 (3a ST 3ilda (6 Aladl) ALK () 65 Ladie 1) s g0 138 AUSEY) p2e ey
(Oleal) 8355 Y aia Al Gldall A e aalf il ()5S e o REL (ALY ol b
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CHECK FOR MASS

story Mass (k CHECK
Level 1
Level 2
Level 3
Level 4
Level &
Level 6
Level 7
Level 8
Level 9
Level 10
Level 11
Level 12
Level 13
Level 14
Level 15

@M\ewlwzjjﬂo)’}l\ewldﬁ saail)

CHECK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
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N & sill ro ] ) 2LLE a2 Line 2n g1Y 4] Jgland] (o Linl

(Vertical Geometric Irreqularity) (sl slai¥) (8 oautig aUEIN) oo =

e (%130) e SI Gilda sl A 3150 (5 sl il ALy pUall JS8Y) aad) iy Ladic 10 g 50 138 pLTY) aae 2ay
(Adjacent) _staall Gidall &Y as)

.(3)&ﬂ‘wmwi)“wﬂj@|dm“;em‘em 25 9 goa g Aalaall 5 JSEN (e

3\,\,\3\43\ ‘533532.43&.&\ @ﬁm\ J@&J\QGM\@?%Y‘ ps m
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raind) 13 sk e a3 Al (o sl A i) jualiall (5 giudl) 8 e Uadil o da)3) asm g 58 s

E N 138 o pllaii) poe Liiall 60 g Y

(Weak Story) 4uilal) dagliall b oY) pac

L3 yealiell da glia dlay s miacaill Lulac 20 Y] Lo 0] L8 o inil Sar Y

Horizontal Structural Irregularities daw siall (L) aUaill 889 sUDY) (e (3Bal)
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(Torsion Irregularity Typel [a]) Jidll alaid) aas

Level | b B B i f13 fl3 0
LeyeL 2 fls ik f$ f I fo 0K
Level fil 3] 111 (07 U fl O
Lavel ¢ {42 8 143 i b7 {32 0K
LeveL § {48 il 14§ 14§ fid 0 O
Level § fi & 131 1 {44 I 0K
Level 7 19 9 131 182 151 il O
Lavel ¢ 148 firs 143 fif 1434 05 0K
Level§ 146 126 {47 £ 1657 1 0K
LeveL 10 {41 1% 143 7 153 fi O
Level 1 fil 17 138 1id U3 fl O
Leyel 2 133 141 {34 139 k] {82 0K
Leyel 13 f2 il {28 136 A2 fil 0K
Leyel 4 f24 1i84 fud 13 i1 I O

Lo giall LY pUil] & g ol 8 8 i) 138 (e pLBE pie an g 4] eals S g re

(Torsion Irregularity Typel [b]) bodall Jidl) aUsii) aac =
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38
39

4
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
AN

8 2
max

«~Vavg
story E£X(mm) Max UX (mm) dr Max UX (mm) EY (mm) Max UY (mm) dr Max UY (mm) Ax Ay CHECK Ax
Level 8.9 8.9 8.9 8.3 1.9 £ 6 427497137 OTNEED
Level 1. 205 1. 1 27 v 706574249 308697337 OTNEED
Level 33.7 E 12.7 445 1 69444 7 OTNEED
Level 4 4 48 4. 4 63.7 L 704259792 44 OT NEED
Level 4. 62.8 4. 4. 8 X 6 g OTNEED
Level 15 779 s . 4.4 1 7 4568 -2924628 OT NEED
Level 15 3 : .2 25. r 703734568 .2879263: OTNEED
Level 4. 7 4. . 45.| u 6! 1.27994508 OT NEED
Level 9 4. d 4. 5 . X 7 4 OTNEED
Level 1 4. I 4. 4.7 L i 704259 4567 OTNEED
Level L L d 4.4 4. 9 7 3 1 OTNEED
Level y 4.1 4 i 2. 18.2 7 4 19055834 OTNEED
Level I 77 1 4 17.7 7 524 176267842 OTNEED
Level 14 .4 189.4 .4 17 6 4444 038737355 OTNEED

Loy giall ALEY] pliil) £ sill (po dilissd] 5ol phal] 6 & 5il] 3 (po pLaTH e 2 gy 4] sy J gnd) so
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(Torsion Irregularity Typel [a])

RO RRUGLATIN

d | U | Nl | OO | ) | BaW | o0V | CHEOROC | CHECKUY
A i It W 1] K| 0K
el | A ik ] Wl i K
el | Al 0y 1] oW ik K
eld | I i I oM il I
el |l i I} Mo it Ik
el | Ly 14 L it Ik
el | il ] L i Ik
eld | it I Wy il Ik
et | M i I Wk Wb il K
el | W it I o ul K

I
Ik
Ik
Ik
Ik

el | B | M ¥ L

el | W T I Mo oWn o
N e N D R I R R

e LY aLhil) £ s olal 4 g sil) 138 (po pLLE pie da g 4 el S gl (o

I
I
I
I
I
I
I
I
I
I
I
I
I
I

L
el |1 1] i L
lll | M0 B i A L
el [ W B i L

L

L
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(Torsion Irregularity Typel [b dadall Jidl) aUati) ae

A —( Omax )2 (12.8-14)
T\ 128,

story EX(mm) Max UX (mm) dr Max UX (mm) EY (mm) Max UY (mm) dr Max UY (mm) Ax Ay CHECK Ax.
Level 9.22 10.13 .13 8.51 .57 .57 838290523 1.765786056
Level 13.86 254 .27 4.02 .73 7.16 8429253 1.040341798
Level 16.6 43.97 .57 7.32 .28 2.55 8690507 1.17715818
Level 4 18.32 64.55 20. 9.35 78.3 25.02 .876349: .161048014
Level 19.24 86.14 d 20.4 104.6 26.3 .874445: .154220
Level 19.6 L K 20.79 1. 26.73 . 34 147959184
Level L i ¢ 20.69 7. 26.58 1 1.14611047
Level L d 21.6 20.3 .94 26. } 9 1.141809¢
Level 9 g E 21.15 .67 209. 25. 0.86231479 1.140707
Level .4 93.3 20.6 .92 233. 24. 8638496 1.138003.
Level 17.9 13.3 .99 4 256.49 23. .8660780 1.138092
Level 7.25 232.7 .33 14 278.44 21, .872 1.13889824
Level .57 251. .62 .24 299.23 20. .87 58: 1.1380843
Level 14 .87 269.24 .92 5 318.98 19.7 885441076 1.1436535
Level 4.98 2864 7.25 14.5 337.73 18.7 920856759 9203:

el SLEY) aLlil) g sill (po dulical] 50l ohal] 4 £ 5il] 38 (po pLaT pe 2 gy 4] eaialy S gand) so

(Re-entrant corners Irregularity) 4sia)all L g3 alaii) axe =

D 0sSs Ladie dlaall o) g 3 8 aUail aae o (s ging A3l dpladl (s sl A glia plai 4 Ley cLiinad 88Y) bl (e J
(ol olat Linall il axd) (50 9415 (e ST AglaNAl 2y o) 511 2ey Litiall

(Diaphragm Discontinuity Irregularity ) jalsall & gUady) =

eluaall & &)yt o Aalie cleladil Je 4 glall jal sall & (8% : (Diaphragm Discontinuity) Ja)sall A& gUadsy)
DAY Gl e %50 o 35 alall Alladll 3elual)

(Out-of-plane Offsets Irregularity) siwall g\ 4kl b slily) psc =

—
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,dM\GJ\A&M|&\ﬁﬂ\J@iJ\‘)mw:ﬁ;ud‘&\‘)gﬂ\dhc@@\ﬁﬂ\Jm‘;é‘)\)aﬁuy‘edcdaﬁ}

E s 138 e Liiall 6 sl pae 23 g Y
(Nonparellel System Irregularity) 4l siall ,& 4alii¥) 6 sl pac

58 o glia allail G )l Baalaiall | glaall 5 klia ol Al s e Aslal) JlaaSU e glial) Al ealiall oS5 Latie 3
EET BN

Laiall Nt dpta i A iy e L id) o
12.6-1 Js2ad) 12,6 2l ASCE7-16 S e o oS0 i

Table 12.6-1 Permitted Analytical Procedures

Madal Response Spectrum

Seizmic Equivalent Lateral Analy=is, Section 1291, ar Nonlinear Response
Design Force-Frocedme: Hirear-Respomse-itistory Hizory-Procefures,
Calegory I Structural Characteristics Seclion 1247 Analysis, Section 12.9.27 Chapler 1F"
B, C All structures B B B
O E F Risk Category 1 or [1 buildings not excesding two stories P P P
above the base
Bwuctures of light-frame construction B B B
Structures with no structural irregularities and not exceeding P P P
1640 fu (8.8 m) in structurzl height
Bwuctures exceeding GO ft (45,8 m) in structural height with B B B
no structural imegularities and with T = 3,57,
Structures not exceeding 160 11 (48,2 m) in stractural height P P P

and having only horizontal imegularities of Type 2, 3.4, or
5 in Table 12.3-1 or vertical irmegularities of Type 4, 5o, or
5b in Table 12.3-2
All ather structures MNP B B

“P: Pemmitted: XP: Not Permitted: T, =55, /Sns-

aines (K1 g Liiall Sial bl L) Jias Y sy Tl L) Juladd ~'@C,Amﬁam&nwmy\@)u\ois)}@\dmww@
Aoaclal) (il 5 il 5 el dilac Ly yla e i Jadh Lgaladil

12 28 g 7 sl (3 )kl

ol i) Cada (3l e Jiladll
AU Sl Gk e Al Jidasll o
A SOl (3 e e A Qs e

5 5 phall & Aeadiu) (3 ULl
(Bl el AS8ISA) Al 5 58 Adand g3 Q) o
bl i) Cada 3ok e Jdadl) e
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Equivalent Lateral Force (ELF) i8lsalldpc 2l i ¥ d by, bl gallidsgBalwa o
Seismic Weight Jg¥) Laiall M350 el =
Effective Siesmic Wight = 344365.24 KN
A Ladall 3150 0380
Effective Siesmic Wight = 161120.63
Approximate Period (Ta) (il sliédall j9a ) =
A ALl (e agisn 5 ) g i) e g aadid) LY HUa g g5 e el 13a ey
T, =C,xh* (ASCE7 — 16 Equ. 12.8.2.1)

Sl e et g8 ) e 3 ke - h

I sLiiall g1 ,¥) H = 49.8. hsall SLasy) Uil de 5 e 3Ly 2 S0 8 J g G o) oy o las - x & €

Table 12.8-2 Values of Approximate Period Parameters C,; and x

Structure Type C, X

Moment-resisting frame systems in which the frames resist 100% of the required seismic force
and are not enclosed or adjoined by components that are more rigid and will prevent the frames
from deflecting where subjected to seismic forces:

Steel moment-resisting frames 0.028 (0.0724)" 0.8
Concrete moment-resisting frames 0.016 (0.0466)¢ 0.9
Steel eccentrically braced frames in accordance with Table 12.2-1 lines B1 or D1 0.03 (0.0731)* 0.75
Steel buckling-restrained braced frames 0.03 (0.0731)* 0.75
I All other structural systems 0.02 (0.0488)" 0.75 l

“Metric equivalents are shown in parentheses.

C; = 0.0488 & x = 0.75 for all other structural Systems (ASCE 7-16 Table 12.8-2)
Upper Limit On Period (Tmax) sbaiall ;93 e}l oY) 2al) Gl
A sl JMA (e eLiiall ) 3l (e ) (oasall ol a1y
T, =C,T,

Table 12.8-1 Coeflicient for Upper Limit on
Calculated Period

Design Spectral Response Acceleration

Parameter at 1 5. S Coefficient C,,
= 0.3 1.4
03 1.4
0.2 1.5
O.15 1.6
= 0.1 1.7
—————————
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Sp1 42 Tablel2.8-1 J s (e odlay) oy Jalae - C,
C, =14 for Sp; =0.3605 (ASCE Table 12.8-1)

T, =14%0914 = 1.280s

Funimental Period (T) Js¥ sldial )gal el cpa3ll Gla m

:OS Eum el Aand 53 Modal ) s Y Bl oy jai 535k e Lasdl 5l sl (e 3l s o

T=283s >T,=1280s

Agaeldl) Lail) 5 8 slagY Upper Limit (Ty) alasiod &3 28 ASCE7-16 Sec12.8.2 2SI cililhiial agas

Js¥ sliddiBase Sheardse Wl (alll 3 d cilua =

Vhase = Cs X W

A Al J3A (e € ) sLiiall 13150 Alaid) Jabae il

Sp1 C, = 0.044S5,1
((forT<T, - C =21 s = UV THODs’e
Sps forT<T, ST T xR/, 0.01
C, = < = 0.5S
S R/I Sp1 X Ty 99p1
¢ forT>T, » C5=———-
T2 x R/I, R/I,
S 0.646
C, = =2 = 0.0923

R/I 7/1
Cs should not exceed:

Sp1

Csmax_
T(®/D
Sp; _ 0.360533

C — —
TR 1.280><(%)

Vipase = Cs X W = 0.04015 x 166082.2 = 6668.2 KN

= 0.04015 < C5 = 0.092

Sp1 AV Table12.8-1 Jsax (e sl sy Jalaa - Cy

C, = 1.4 for Sp; = 0.3605 (ASCE Table 12.8-1) T, = 1.4 0.914 = 1.216s
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Funimental Period (T) A& slidal ;g bl (a3l qila =

1S Eum el Adand 53 Modal ) s Y Bl oy ja 535k e Lasdl 5l a1 (e 1) s o

T=295s >T,=1216s

Apaeall el 5 68 sy Upper Limit (Ty) plasiul &5 38 ASCE7-16 Sec12.8.2 2580 bl adas

Base Shear (AUl sliiall e @) (all) 3 8 il =

Vhase = Cs X W

(A Aleal) A (o g A eLziall 5030 i) Jalas s

Sp1 C. = 0.044S,.1
Sps forT =T, = G =357 Y Y
— e 5
CS - R/Ie < SDl X TL = O'SSDl
forT=>T, - C;=-—s—" —
\ T2 x R/I, R/I,
. Sps _ 0.646 _ 0.0984
S _— _— _— .
R/I 6.5/1
Cs should not exceed:
c _ Spy
S max —
T(R/)
S 0.360533
Ce max = 11;1 _ =z = 0.0455 < C; = 0.092
T(Y/D  1.216 x (T)

Vpase = Co X W= 1.5 X 0.04015 x 229576.82 = 15668.6 KN

Equivalent Lateral Force 4xS-iliny) 48, ) a1y e i) 5 58

698 Jalaill g At el ) (oo J ¥ £ 9 siall () 0 6B ibusa

[138]



aspallly 3 43 Lysaa QIO Jelasll lllalll
Calculate by ROBOT
Base shear (KN) 6686.2

93 Jalaill g Adpigh) geal i cpa (AL £ g piall (el 5 ¢ Cilua

Calculate by

Manual

Robot

Base Shear (KN)

15668.6

16235.4

3 _ymandl ae JalSia (S Jan Ll Bailu (o)) jaa alasiind Alla 43l ()Y phans G gasie (o g2 Ll (il 38 il 8 Casadll 0 52,

(Al JSAIL e e g LS )Y o (358 (g W) (el Abualal) cilERY)

Opdigall (5213 5all a8l 5 e Lail 5 ale an ye gl () ity ¥ aliiad 23S o 5 jle daulill oda (o e 4l ae

=il 3 8 a8 aSal) G alall ae AISA 45 plally Jidaill dlee ¢ jal 2 same e 35S Cildal i) Gy 5 43l Ui 5 el dpilly
ol 3 8 i (0 gy aSatll Sy DU Alaial) Cida e il ) A8 lal) Lef S 28 Hhll V) Sy Y G guie 51 (3 g0 )
A5 A8yl LS5 pilie b8 alast (pad 5 Rl il el ) ia) gl e adied YT ks sac

O Lebon Jaall Lyl 5 () o gaia (e e @l il 5 8 ol (s gl 8 DAY 48 el | jmn 45 )l 028 ¢l ya) o

el glee 3 Lo J geanll 5 ) ) alaie ) o ol asf 4l ae oY) sdas (o puia
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Hﬁ&i\@\ﬁﬂ&jﬂ&-}_}a_bﬁd_“ .

W5 (a8 el Gl (8 Ja Goguiall (8 sl O Cus (gl il 5 8 mid o dlie IS5 S5 Y gl s
el il B 8 ae Lol iy o 52 (6215 Ll ) 35 Gl 3 Jany 5 sac Bl Gail) 5 68 pa Lo iy o 5

O] gt (e Ll e Lgiad e BT Y1 o (e Lt die (530 ) (il 5 58 e (o Jan Sl iy Lalill 5 ) 3
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Dynamic Analysis (=S——aldigad) Jla il o
;\_)_Hj_[}_“ Q\MMJM;&#@\%—E;L&J\ "

RESPONS SPECTRUM FOR SANA'A CITY

Ss(g) 0.830 S1(g) 0.250
Fa 1.168 Fv 2.100
Sms 0.969 Smi(Q) 0.525

Sps(Q) 0.646 Sp1(Q) 0.3605
To 0.108 Ts 0.542
T 8

IS g aseratll Alainl) Cada Lalada ()5Sl

E-%

a0 -
800 -
G800 —
00 -
300 -
200 -
100 -

1
0.0 1.0 2.0 30 4.0 5.0 A0 T.0 B0 B0 19,0
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Analysis Modal sluéiciall 3 iy hladi Jplas =

onspygllls 3 103 Lysaa

Ji5 Y Aeadiad) Bla¥) 222 i Cusy ASCET7-16 Sec.12.9.1.1 258U callaia (gat &5 Cumy Jalatl) (g 23 aladia o

- % 90 e AL S jLie 4ol agd

S 3 Ay Jaal Jiay rda gal) JSA)

g

U337 3

U337 3

U337 3

U337 3

U337 3

U337

U337 3

U337

U30%T7.3

U333

U30%T7.3

U333

U30%T7.3

U333

mass UX | Total mass UY

g

3037 3

U%%%TT %

3037 3

U%%%TT %

3037 3

U363 36

3037 3

U363 36

3037 3%

U363 36

3037 3%

U363 36

3037 3%

U363 36

00

00

00

00

00

00

00

00

00

00

00

00

00

00

SNV
375

000
24
0.9

000
206
4]
000
123
000
19
083
000

B9

LX]

98

083

%65

69,9

95

%

14

Period (sec| | Rel.mas.UX (%) | Rel.mas.UY (4] | Rel.mas.UZ [} | Cur.mas.UX (k]| Cur.mas.UY (k] | Cur.mas.U (%) 1o

112

07
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Drift dislhll dai ¥ (s Al =

Cdaxe
Ie

S ASCE 7-16 Equ (12.8-15)

JGLY\YQMJALC Cd -
Ol Gl e Al Ay gl AL el JEY1 S, -
A5yl Ay s LB ot il gl A0l ol JY) 5, -

(o eLiall Ly = sansall Aiidall dal 3Y1 da () aai 0 6K A ea sal) Jsaad) 138 (e
Ag= 0.02 * h, for Risk Category Il
Gl gl ) e 3 ke by,

Table 12.12-1 Allowable Story Drift, A *®

Rizk Category

Eruciure larll 1] [y

Swructures. other than masonry shear wall stmactures, four stories 00250, 20N, LSk,
or less above the base as defined in Section 11.2. with interior
walls, patitions, ceilings. and exterior wall systems that have
been designed o accommodate the story drifis

Masonry cantilever shear wall structures” LT, OO, OO,
Other masonry shear wall struciures [ERE A LT ey, LT ey,
All other structures 20N, LSy, OO,
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Xaldd) aUail) e £ g pdiall ) gaall olad) A Adilal) cilaly 3V (e (383 rada gy AL Jgaad)
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Jas gial) aUALY (ha £ g piall X ) gaal) slad) 8 Adidal) clals 33Y) (e 3Radl) prda g AU J gaad)

oy | HEGHTW) |  UKjm) ) ~Taowe T Ko |
Loel 35 b9 W T T w |
Lol 3 4 5 z m
Lo 3 i 1 i X
Levl{ 3 0 F i X

Level § i b 148 B 0K

LeveL b X 1 1h B 0K
Lol 3 0 1 i 0K
el 3 I g f 0K
Loel 3 11 i f 0K
Leve 10 3 %3 ¥ 6 OK

Lol f 3 1 ] 6 0K
Lol 1 3 15 i f 0K
Leel 1 3 I i ﬁﬁ X
Level 1 X 1885 {4 69 OK
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Ja gial) aUALY (he £ g pdiallY ) gaal) olad) A Alilal) cilaly 3N e (38 rda gy AL gaad)

story UY (mm) mm € allowable(mm)
Level 1 83 83 10
LeveL 193 11 66
Level d 3 121 66
Leveld 46 14 66
Level § 60.6 146 66
Level § 15.1 15.1 60
Level ] 909 15.2 66
Letel 106 15.1 66
Letel ¢ 12 15 66
Level 10 135.7 147 66
Letel 150.4 144 66
Leyel 12 164 139 66
Léyel 13 1776 136 66
Level 191.5 139 60
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P-Delta Effects s Jaa) o) JLAa) (e (3-Bail) =

) A sl o g el A 55 Ladie (sl Tan 5508 Gl shall e 34 gl cla) 391 0 65 Ladie e ) (pms il 800 228 24 oy
(A Bl Al 028 e ns (0.1) (e ST Gl (5Y At )l o5 3l

g = Il ASCE7 — 16 Equ (12.8— 16
is the total design vertical load at and above level xP,
, 1, is the importance factor is the design story driftA
is the seismic shear force acting between level x and x-1V,
Is the story height below level x , Cj is the deflection amplification factorh,
Omax = ;LCS <0.25 ASCE7-16 Equ (12.8—17) A Al e 2 35 Y g
d

is the ratio of shear demand to shear capacity for the story between Levels x and x-1. This ratio 8
permitted to be taken as 1.0 conservatively.

oAl b il

galdl) aldadl) £ %) £ 5 pauallX olai) ) (38ail)

71 stony PX Kg) PX(KN) PX(KN) TOTAL £X(mm) L}

1§ Leveld 388 $1066.02483 166708.1226 0 6650.25 NO NEED
19 Level2 96367469 §453.648709 1286420978 1386 642064 NO NEED
A Leveld U4 §244.624488 120188491 16§ 606256 NO NEED
A Leveld U4 §244.624488 108438246 1832 51976 NO NEED
2] Level§ U4 §244.624488 101699.2001 194 517648 NO NEED
4] Level§ U4 §244.624488 S0454.57363 19§ 41784 NO NEED
X Level? U4 §244.624488 §3209.86114 1961 44201 NO NEED
5 Leveld U4 §244.624488 73%65.32666 1936 19875 NO NEED
5 Leveld U4 §244.624488 sdra0. o 1898 405208 NO NEED
7 Level 10 U4 §244.624488 S5476.07768 1847 J041.76 NO NEED
B LevelHl U4 §244.624488 46231 45319 L] 3% NO NEED
B Levell U4 §244.624488 36986.8287 1125 35695 NO NEED
N Level 13 UI74 §244.624488 14042 16.57 3013 NO NEED
| Level 4 U4 §244.624488 1497.57973 1587 255828 NO NEED
2| Level 1§ 94321664 §250.955238 §250.955238 1498 148577 NO NEED

—
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il aldall) £ o (ra £ g adlY olai) b (adadil)

T T T

Lo gialf = g5 Oa £ 9 pduall Xolad) ot (3hal)
i I
H:ﬂ WET-0 - = S0

CHECK PA ffect X DIRECTION I Cd
story PX (Kg) PX(KN) PX (KN) TOTAL X W h § Bmax CHECK
Level 1 26365191 24883 18184 482878 89 20164 35 0.0079574% 01 NONEED
Level 2 250607462 24584 59202 319599 6962 115 286567 33 0010187262 01 NONEED
Level § 250607462 2458459202 2050151042 132 2153013 33 0010967364 01 NONEED
Level 4 250607462 2458459202 20430512 142 01755 33 001073324 01 NONEED
Level § 250607462 1458459202 258459201 148 2008863 33 0.010868962 01 NONEED
Level 6 260607462 2458459202 212613281 15 193427 33 0.0103994 01 NONEED
Level 7 2506074.62 2458459202 196676.7361 5 18171 66 33 0,009839323 01 NONEED
Level 8 2506074.62 2458459202 172092141 149 167666 33 0,009267585 01 NONEED
Level 9 2506074.62 2458459202 147507582 146 1512133 33 (.008626244 01 NONEED
Level 10 250607462 24584 59202 122922% 142 15421 33 0.007988619 01 NONEED
Level 11 250607462 24584 59202 08338 36799 137 11087 33 0.007350153 01 NONEED
Level 12 250607462 2458459202 T383TT801 133 81173 33 0.00681631 01 NONEED
Level 13 250607462 2458459202 4916918305 128 607723 33 0.00627644 01 NONEED
Level 14 250607461 2458459192 2584 59192 124 in2 33 0.003826052 01 NONEED
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L giall pall g5 (e £ 9 sally oo o (gl
il —
s R
I/ f Hmux ==l
CHECK PA effect Y DIRECTION M ﬁcd
dy | PR | P | PO | gy | WO : : ™ CHECK
Level1 263651 4 20883 18184 JARATE 8 A 15 0007424036 01 NONEED
Level 2 2506074.62 2458459202 316599 6962 l 8e567 13 0008744337 01 NONEED
Level 3 2606074.62 2450459202 2950151042 11 AR 13 0010542512 01 NONEED
Level 4 2606074.62 2450459202 2106305124 i H0E 13 0010917362 01 NONEED
LeveL§ 250607462 2458459202 2058459201 146 2028863 33 0010722084 01 NONEED
Level 6 260607462 245845920 21261 3081 154 10427 13 0010468427 01 NONEED
Level 7 260607462 245845920 196676.7361 152 1817168 13 0009970514 01 NONEED
Level 8 260607462 245845920 1120920441 154 167685 13 0008331982 01 NONEED
Level 9 2506074.62 245845920 147507 52 1] 152733 13 0008864603 01 NONEED
LeveL 10 2606074.62 2450459202 122822% W 15237 13 0008269908 01 NONEED
Level 11 2606074.62 2450459202 08338 36799 14 11087 13 0007724708 01 NONEED
LeveL. 12 250607462 24584 59202 1378784 139 i 3 0007123812 01 NONEED
Level 13 2506074 62 24584 59202 4916918395 136 601123 33 0006668717 01 NONEED
Level 14 250607461 2450459102 2050459102 139 Hna 13 0006530817 01 NONEED
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Ko gial) LGN AUAL) £ of pa slady) B  gRad)

Xl 8
1 22016.24 2950 47 19065.77 1340133465
2 21862.67 3973.92 17891.75 18.174243
3 2153913 5466.08 16073.06 2537744096
4 21017.55 6376.73 1464061 30.34002536
5 2028863 7006.09 1328254 34 5321
6 193427 736404 11978 .67 36.07141712
7 1617166 7505.15 10666.53 4130135464
8 167686 746086 9307.74 44 49304056
9 1912733 7289.57 1831.77 4318808078
10 13242 37 6905.16 6337.21 22.14444242
1 11108.7 650992 4598.78 5660199663
12 6721.73 6256.67 246506 71.73657061
13 607723 2397.33 6799 86.6123372
14 3171.22 7438 62 42674 234 5665075
—
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1 22016.24 289608 FY to walls (kN) 13.15428074
2 2186567 3020 04 1912016 1872782933
3 21539.13 54513 17945 63 2530082167
4 2101755 6436.33 16087 83 306235079
5 2028863 714882 145812 35 23550748
; 193427 758973 1313981 392382139
7 1817168 7812.08 1175297 4299041145
8 167686 782237 103506 4730891523
9 1512733 7796 25 8046 24 5153751521
10 13242 37 7038 1 733108 5314834127
1 111087 668318 620427 6016167508
12 872173 §921.92 44255 79.36407112
13 6077.23 5803 8 179982 96 98168409
14 17122 84693 183.42 2670675639
529808
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(solid slabs) dieas Gl =
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Fig. 1.2 Structural action of one-way slabs

(b) Two-way slab
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Sand S cm
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Plaster 1.5 cm
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Analysis Method «tdado ) JrLa s 5,k

(Simplified Method) Hawall 48, jhal

Simplified method of analysis for nonprestressed continuous beams and one-way slabs It shall be permitted
to calculate Mu and Vu due to gravity loads in accordance with this section for continuous beams and one-

way slabs satisfying (a) through (e):

(@) Members are prismatic
distributed (b) Loads are uniformly
(c)L<3D

(d) There are at least two spans

(e) The longer of two adjacent spans does not exceed the

shorter by more than 20 percent

AU o gyl g gy (Balaill A 550 Ay BRI () i) (B 40 s

(prismaticd skl Jal<l SN ) gadll o 5o gudi Led pualial)

Al de 0 Jleal!
sadl e Cuall Jaall Cilaal B30 e 3y 3 J) amadl s Al Jaall
‘ ‘ SEI 5l (span) s 2 s
20% <« »=d¥) e 2 Y ) sade (el J el Jghall (6K Suny Ly 58 4 glada el

Lo A ghaall alasinl R0 g sl s b Cua

Table 6.5.2—Approximate moments for nonprestressed continuous beams and one-way slabs

Moment Location Condition M,
Discontinuous end integral with support w,b, 14
» End span - - :
Positive Discontinuous end unrestrained w, 6,211
Interior spans All Wl 16
Member built integrally with supporting spandrel beam w, b, 24
Interior face of exterior support
Member built integrally with supporting column w216
Two spans w, 6,29
Exterior face of first interior support

Negativel!l More than two spans W, 6,210
Face of other supports All w, 6,211

(a) slabs with spans not exceeding 3 m
Face of all supports satisfying (a) or (b) (b) beams where ratio of sum of column stiffnesses to beam W, b, 212

stiffness exceeds 8 at each end of span

To calculate negative moments, £, shall be the average of the adjacent clear span lengths.

Table 6.5.4—Approximate shears for
nonprestressed continuous beams and one-way

slabs
Location V.
Exterior face of first interior support 115w, £,/2
Face of all other supports W lpl2
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Figure 2-4 Negative Moments—Beams and Slabs
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Figure 2-5 Negative Moments—Slabs with spans < 10 ft
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Figure 2-6 Negative Moments—Beams with Stiff Columns
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Figure 2-7 End Shears—All Cases
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Moment for Short Direction = Mus = as * Wu * Ls?
Moment for Long Direction = Mul = al * Wu = Ls?

(KN.m) =
(KN.m) =
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Moment coefficient a for Short span (Ls) Moment coefficient o
Case for ratio of short span to long span (L.y/L1) for long span,
05 | o6 | o7 | 08 | 09 | 1 | Liforallspanratios
Case 1: Interior Panel
Negative Moment at:
Continous edge | 0.083 0.063 0.055 0.048 0.04 0.033 0.033
Discontinous edge — 0 0 0 0 0 0 0
Positive Moment at midspan 0.062 0.047 0.041 0.036 0.03 0.025 0.025
Case 2: One edge discontinuous
Negative Moment at: —
Continous edge 0.085 0.069 0.062 0.055 0.048 0.041 0.041
Discontinous edge 0.042 0.035 0.031 0.027 0.024 0.021 0.021
Positive Moment at midspan 0.064 0.052 0.047 0.041 0.036 0.031 0.031
Case 3: Two edge discontinuous
Negative Moment at: —
Continous edge 0.09 0.078 0.071 0.064 0.057 0.049 0.049
Discontinous edge 0.045 0.039 0.036 0.032 0.028 0.025 0.025
Positive Moment at midspan 0.068 0.059 0.054 0.048 0.043 0.037 0.037
Case 4: Three edge discontinuous
Negative Moment at:
Continous edge 0.098 0.09 0.082 0.074 0.066 0.058 0.058
Discontinous edge 0.049 0.045 0.041 0.037 0.033 0.029 0.029
Positive Moment at midspan 0.074 0.068 0.062 0.056 0.05 0.044 0.044
Case 5: Four edge discontinuous
Negative Moment at:
Continous edge 0 0 0 0 0 0 0
Discontinous edge 0.055 0.053 0.047 0.043 0.038 0.033 0.033
Positive Moment at midspan 0.083 0.08 0.027 0.064 0.057 0.05 0.05
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e Limitations on use of Direct Design method (ACI Code Sec. 13.6.1) meeting the
following conditions

1) Minimum of three continuous spans in each direction (3 x 3 panel).

2) Rectangular panels with (center to center) long span/short span < 2.

3) Adjacent spans in each direction shall not differ by more than 1/3 the longer span.

4) Columns may be offset from the basic rectangular grid of the building by up to 0.1 times the span parallel
to the offset as shown in the figure below.

5) All loads must be due to gravity only (not applicable to un-braced laterally loaded frames, mats or pre-
stressed slabs

6) Service (un-factored) live load < 2 service dead load.

7) For panels with beams between supports on all sides, relative stiffness of the beams in the two
perpendicular directions shall not be less than 0.2 nor greater than 0.5The parameter o is the ratio of
flexural stiffness of beam section to flexural stiffness of a width of slab bounded laterally by centerlines
of adjacent panels (if any)

) aaatill 48y phaladial Cldaaa e
oladl JS 8 ) emy O JEY) e aa gy ()
2 0o pae V) A Jshll G daall 3 Y (Y
skl sl & e 250 Y 5 sladall el G 3R YL (Y
AU gl sall el 0.1 0o 2 ¥ Y saall go dganlldal ) (€
Slea ¥ Lpe a3l @IS g dnila Jlaadl A jrall dac el <l e Lgaladiind 25 Y s il Jlaa) Jlea) S (0
el Jeall e Coae juall all Jaall Holai ¥ (B
(0.5-0.2) o olad¥) (8 Ol Sl dpuaill Beluaall 65 () da s S (s &l S ld a3l aasius (Y

p9 =) a9
v Wubala (S ) o
g = —u2’n
8
Center line of panel
e et —
1 middle strip
L2 ————[— ———————————————— L2
A 3 column strip p o o
F I
Lidorl,/4 | o ! i _
(whichever 1 column strip
1s smaller) | L _[_ ________________ LR
1,12
: ! middle strip <
, Center line of panel 1
Exterior panel Interior panel " Interior panel
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Edge restram conditions considered in distributing totat static
moment to erttical sections in an end span
Exterier | Slabwith | Slab without beam Exterior
edge beams | betwreen nterior supports | edge fully
unrestrained! | betwesn rastrained
fl Withont | With edge
— edpe beam | beam
Inferior
nepafive | (.75 0.70 0.70 0.70 0.65
moment
Posttive
momet 0.63 057 052 0.50 035
Bxtertor
niegative 0 016 0.26 030 0.65
moment

A g Ay il g 2 goaad) Ay i Lo Al plat) g 3l a5 gt

Table: Summary of column strip moments portion (%)

/4
0.5 1.0 2.0
Interior negative moment
apqy 13/l =0 75 75 75
ary b,/ =1 90 75 45
Exterior negative moment p.=10 100 100 | 100
ag /L, =0 =25 75 75 75
=0 100 | 100 | 100
Gz ;afrz 25 | 90 | 75 | 45
Positive moment
ag 1/, =0 60 60 60
ag b/l =1 90 75 45

Middle strips moment portion (%) =100 — Column strip moment portion (%)

5:=

E{;bc
2E 1
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(Finite Element Method (FEM 83aaadl jalialldiyha o
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(One way slabs) sla¥) dpala) clldadldl o

Ve
s
= 7 T = one-way solid slab .ACI318 19, 3l L& 5 asaraill Cilaasa
Length long -
Length short —
Jrrrrevsy 1111 29I IIIIIIIIIS ISEEEEEREERE 1 ua)z.}@)ﬁaili\eﬁ,} :~“ °JASL€—.‘K&M‘¢AJAM‘63;’ n

bl e Baalatia 4y g) 30 jia

a5 ol 8 Oy ol Ainsa el ol 5eSI Lin ASLans 35S0 any 1 eliniYL oSl
(ACI318-19 Sec 7.3.1.1)

Table 7.3.1.1—Minimum thickness of solid nonprestressed one-way slabs

Simply supported €20
One end continuous 024
Both ends continuous /28
Cantilever /10

[1] Expression applicable for normal weight concrete and fy = 420 MPa. For other cases, minimum h 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 fy other than 420 MPa, the expressions in Table 7.3.1.1 shall be multiplied by (0.4 + fy/700).
(7.3.1.1.2)

For nonprestressed slabs made of lightweight concrete having Wc in the range of 1440 to 1840 kg/m3, the
expressions in Table 7.3.1.1 shall be multiplied by the greater of (a) and (b):

(a) 1.65 —0.0003wc

(b) 1.09

grade s aaiiuall maall 55 WE=2320 Kg/m3 s e jall e sill ¢ 55l 050 da pia aaiian J saad) 1a G ol cang
b LS sl Janad ang il (a3 (ot s ol LT 420

Wc = (1440 _ 1920 ) kg/m3 ol il (s = 5l 55 oo 5 005 Wl (Al ool Addadl Dl 2l m

1.09 oo oda J& J) ¢uay (1.65-0.003* We ) Ay bl Jsaall (e landl o ay alls w

(0.4+fy/700) Jlaie 1S3 Jalae 8 clandl (o i oy 438 grade 420 e OIS 518 carivudl ppalldlly =

Al UKl 8 reaia g st LaS, ASLand) J85 Uil 5 oLind¥) 08 LS Alia DUl il LalS i) Jan DU Gl Jsaall e
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supports

main direction
supports

a- Simply supported

b- Continuous

paall e sadl) aleal (e ddlide &) 53 da garse ASLaws JBl A83e pra sy M) Jsaall -

Minimum thickness of che-way slab and beam {ACI-318)

fy Bo_th end One end Both end .
Member Simply . . cantilever
{Mpa) continue continue
support
L L L L
. 280 /25 /30 /35 /12.5

Solid 350 L/ L/ L/ L/
one-way slabs 7 22 7 27 7 31 7 11
420 /20 /24 /28 /10

250 paall Alea¥ o) ) WS adl ) o gay cuall 5 581 Ada3ll) aSlew il paall & gadll alga) o) ) LS ad) Jgaadl JAS e a3l
slini¥) 8 aSarll ASland) oy 33 Ml g il il 3ol ) day JladiV) B3l 3 5 JladsY)

(ACI-318-19-7.4.3.2)
Sections between the face of support and a critical section located d from the face of support for

nonprestressed slabs or h/2 from the face of support for prestressed slabs shall be permitted to be designed
for Vu at that critical section if (a) through (c) are satisfied:

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

S 13 /2 15 SeaY) Asse e AL S 1305 38 ) an s e d dls ey 5Ss 53) 5 Gl 2 jall adaiall a8 e il 138 208
AN Lo g ) a3 Mlga) Aduae

AL Adla) Addaia A darea Cuon Lo (Gulaall il olatl (udiy 3 38 ) Jadll o) GIS1) (a
eV AL mha ey B 5) 8 dakuse Jeal) QIS 1A (b
zoal adaiall U558 0 aa g (he Ailaiall 8 S 5e dea 2ol 13 (¢

] l‘ ;—Conccntratcd

w,, applied at or near top
/ surface of slab r/ load, F,
|
Y

r b b h h 4 k4 w w w "$

|

] .

V, @ face :l :lv @ d jL
! _

\x Critical section
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(ACI-318-19-7.6.1.1)
A minimum area of flexural reinforcement, As,min, of 0.0018Ag shall be provided.

0.0018 Ag o= Ji ¥ Adadlll cUaiDU sl J8) 20y

(ACI-318-19-7.7.6.2.1)
Spacing of deformed shrinkage and temperature reinforcement shall not exceed the lesser of 5h and 450
mm.
0585 O g Al 028 5 A s Calauzal5 e 3y 33 Sl 4 ) el il 5 ELSYL Galad) sl dpas G Adlse ol 2any
45cm (e S8

(ACI-318-19-7.7.2.3 )
For nonprestressed slabs with unbonded tendons, maximum spacing s of deformed longitudinal
reinforcement shall be the lesser of3h and 450 mm

45cmur.fuhm]|ehmAg)ﬁ‘io\g;g‘i:\l\}&w\duqmawosq}&o\gﬁwj\@“ﬂ\ghw%w\

(ACI-318-19-7.7.3.8)

At simple supports, at least one-third of the maximum positive moment reinforcement shall extend along the
slab bottom into the support, except for precast slabs where such reinforcement shall extend at least to the
center of the bearing length.

Jronll U5l S 50 ) BT e ualull 13 iy o ccual

(ACI-318-19-7.7.3.8.2)
At other supports, at least one-fourth of the maximum positive moment reinforcement shall extend along the
slab bottom into the support at least 150 mm

#2150 JEYI e 338 0 ) A Jind sl e oo sa e sl bt gy BV (e iy 0 amg s AT SIS0 8

(ACI-318-19-7.7.3.8 .4)

At least one-third of the negative moment reinforcement at a support shall have an embedment length beyond
the point of inflection at least the greatest of d, 12db, and €n/16.

Ln/16 512db 5d (e SV B e o) sV Adadi any Le () ) saie Jsha 538 5 o wie Gl a e el Gl (555 o oy

(ACI-318-19- 20.5.1.3.3 )

minimum cover in slab (20 mm)
20mm g Ji ¥ Akl A Sle Al eUasl)
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One way ribbed slab sla¥) diula) dpaaall A0 o

One-way joist system ACI318 19. 448Ul 88 5 aramail) ciladaa =
(ACI318-19 Sec 9.8.1)

Nonprestressed one-way joist construction consists of a monolithic combination of regularly spaced ribs and
a top slab designed to span in one direction.

ladly aanas laae W) (358 Aysle Dy it (S8 e s Al sa lame (o By g & gaams 108 55 o lime ) i Callyy

Aals

(ACI-318-19-9.8.1.2)

Width of ribs shall be at least 100 mm at any location along the depth.
Adae (g e gl e JBY) e w100 st ) g cuanll e

(ACI-318-19-9.8.1.3)

Overall depth of ribs shall not exceed 3.5 times the minimum width.
canll i je B35 5 Y o) g cuanl) Gee
(ACI-318-19-9.8.3.1)

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.

ts = spacing bleztween rib > 50 mm TQ}\A\ &M‘ il

(ACI-318-19-9.8.1.4)

Clear spacing between ribs shall not exceed 750 mm

750 Glac¥) o ilall 2ol glathy ¥ aa

Clac V) (o da8) 5l 4 led) ALY A (Fr) 28 Clalga) e i Cany

_ MuXc

fr < cp0,417\/fc' fr = 1

(AC1318-19 Sec 9.8.1.6)

For structural integrity, at least one bottom bar in each joist shall be continuous and shall be anchored to
develop fy at the face of supports.

338 ) A 5 viefy aail e ()5S O ana s e Guae IS (8 JBY1 e a5 i o (368 Of g ¢ (ALY JalSall Al
(ACI318-19 Sec 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.

@Lﬁucalmaﬁgggﬁ\}244mu;@lcuaw\eﬁud\uc@Y%ch&ﬁ\h;@u@}“é&djw@uﬁwuﬁ
AS=20% OF Rib a3y dﬁ&‘%’)‘ﬁj‘ il Lﬁu&m@me@u\uﬁ:\ﬂﬂ\ AN A ) jad) cl Huadl) 5 LSV

(AC1318-19 Sec 9.8.1.8)

One-way joist construction not satisfying the limitations of 9.8.1.1 through 9.8.1.4 shall be designed as slabs
and beams.

Q\‘)AS} uUa).\S 9814 ‘_A\ 9811UA 3‘5..335\ ;u_;_lm\ O9d J;\J o@\ L;A a..uu.a.d\ Q\.L:M\ ;L\,\ e
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(ACI318-19_Sec 24.4.3.3)

The spacing of deformed shrinkage and temperature reinforcement shall not exceed the lesser of 5h and 450
mm.

OS5 ) Grang Aail) 038 5 AdaD) laws Galanal 5 e 2 35 ) &l el cl yuadll 5 (BLaSVL (alad) melodll aas (g dilise ol 205
A5 cm e B8
25 Jlsiay ST AL clas 558 o)) aad 3,6 5%l cilillaie i e A3 (ania ) galaal) i 5 <l gl ladia) xie -
e bl gl gl s Sin Y o) s S salaall ¢ jad) Ll e ddads (g) vie sa¥) sl sLEL S 3asll (5e MM
i€ Lol 44 5lia
Gl sases (58MM/M)  ders A 4ild 500mMmM clacll p ddlaall s 50MM o 4kl AL il 13 -
l=28mm @ 500 mm between ribs —bac¥)
400 mm_750 mm o z 55 sdke s 750mmoe 235 J) cliac Y1 o Adlall Al -
Glac V) ¢ 4le 3aleS @l aoding MM 400 e lac V) (s ddlall Aliall 5lati ¥ ol oy & oaall Gl -
ASL) paa Ciuall (g gl e |l pan o S ale -
610 kn/m”3 O Lo z sl 8 aodiiaal) Glll) 483

Solid part or solid strip =

A'/'}’l ‘ - TS . s O uaﬂ\ ‘f PR ;.Las‘y\ Q\ QLA.»'AS 3..3]\:\]\ u\.u.um Craaall ;)';J\ e\d&lu\ L
- (\\: ~— / g F/,/' —— Craadll ;).;J\ e Q\JASS\ éc t,ahac;‘ﬂ\ Jaa @Jﬂ u\...a.::m Al (’JJ.’J‘ 3.4_9\3.4
7% gl ? I ae150 533l 35Sl (2 je Ciuai Camnll (e I Al e LSV G 5S

" Solid Part

(ACI318-19_Sec 25.3.1)
sral ) MD1300 ¢ 58 )y e 12 5kl lncaill 40 hOOK 4iSe 28 e Y aldas aladiily oyl aie

(A iy il ) 35S0 8 Aleniosall Apudll AiSal) llaaey 2aly

s all Al vie ae 65 e ey 12a Jo Y o Jdeddb o i alaia) xe da 53 (180) Al p obedl) mas Fland B w
. ..
Oluall
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Table 25.3.1—Standard hook geometry for development of deformed bars in tension

Minimum inside bend Straight extension!!!
Type of standard hook Bar size diameter, mm £ovn MM Type of standard hook
Pgint at which

No. 10 through No. 25 6dy, bar is developed

| d 90-degree
bend
90-degree hook No. 29 through No. 36 8dj, 12d, :

| Diameter
| Loxt
|

No. 43 through No. 57 10d, ! Lan

Paint at which

No. 10 through No. 25 6d), / D:r?s?:le\:ell:pe a

I %
180-degree hook No. 29 through No. 36 8d, Greater of i 150-degree
’ ) 4d, and 65 mm | bend

|
I
I

No. 43 through No. 57 10d,

1A 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.

(ACI318-19 Sec22.5.1.1)

8.8.1.5 Vc shall be permitted to be taken as 1.1 times the values calculated in 22.5.
atl] Aile AT il eS A slia e 1096 534 33 55 lac YU Aalall Ve dolu ALl yail) 4. 5lie
Vu < 1.10(Vc + 0.664/fc’ bd) ® =0.75
Ve < 0.17Abd./fc'( KN)

35a Mpa 8.30s deadll 138 3 deddidll (Ve )ad 25 Y oy (i) da il (Hlae Y asanald iy oVlef dan jiall a5 A 13
=il zlus paad ae L) Cilili
(AC1318-19 9.7.6.2.2)
Maximum spacing of legs of shear reinforcement 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 T T il st . “1s T 3
e e LY Ja ) Adlia ool Gy patall Joha e LK) e EE PRI
Maximum s, mm tw\ Ul (.A:‘

Nonprestressed heam Prestressed beam 121l ‘EA}H‘ 3 1) o~ elaiall Al ,,] - JgJ;J Js;\_\ﬂ\ il JJ\AAJ yi oy

Required Along Across Along Across

v, length | width | length | width J8 Leea) 600 mm or d/2 b Al
L dn d 34 32 o R ) s L
so3ffpd| L o 300 —aaill I edel s jadll A 5a ) sl adaall aclill lalie 3 g2 (add g
sna | Lo IEREZREZ t ) Jlaidl Vs dad ) slati Lexie mm or d/4
G 300 bd

VS:?\/E'

Av min.g=dll C.A.....S Ll Loall clabisall (e 4l ddlisad) -

S e il 1) Lalatiinn) Sy a5 ol 8 Aacaal) O 4 5 jad) sy Lalal) D ladl) -

T_section Jubaiuall adadall l3 ) pall) avenadl Aaodioall Lgudi o8 Aaiall pranaidll el ja) -

Dl Sl 5 o LSl Al ) oW s J el 2 ol b aleal) 4da3lh A2 jae U3k aladiul Led Jady ¥ Al YN -
Bpall ) S LalSIL Qs o e Lele (35S0 Al
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Typical details for one-way joist construction gstewdid) Jpaal is =

AC| STANDARD WOOE [BAR SIZE S4ME A% SeALLER
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E
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1 E
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1
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ﬁ (PEh At :.1l|51uursn:'r 1211 q”‘—' 20" DA 30*
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Two-way solid slab .ACI318_19. 29-<Ulidgay s aillcliraa o

‘Length long

“Length short —

(ACI1318-19 Sec 8.3.1.1)

Table 8.3.1.1—Minimum thickness of nonprestressed two-way slabs without interior beams (mm)!

Without drop panels’! With drop panels!
Exterior panels Exterior panels
S, MPall | Without edge beams | With edge beams"! | Interior panels Without edge beams | With edge beams!!! | Interior panels
280 £33 £/36 £/36 £,136 £,/40 £,/40
420 /30 £33 /33 £,/33 /36 £,/36
550 (27 £,/30 £/30 £,/30 £,/33 £33

Mg, is the clear span in the long direction, measured face-to-face of supports (mm).
HlFor f; between the values given in the table, mininmim thickness shall be calculated by linear interpolation.

HIDrop panels as given in 8.2.4.

FISlabs with beams between columns along exterior edges. Exterior panels shall be considered to be without edge beams if uis less than 0.8.
a0 S s alea ) A e olai) Al Dl ASLan a1 anl) 3o aaay
MMAEON (e an sl L s e oy shall olas¥) b Sl Skl oo £ )
bl JalSill 535k e dlas J8 Claa ay oJsandl 333 5l adll cp fy ) ddlly Y
U et o Gaay Ao JA Gal ) J sk e 3aae W) G il S 3 il 82,4, 8 a ge 52 LS Adafse LDl W
48 5kl 3 Sl gf 4a8.0.8 (e B orf il 13) A yla ) S () 5y A LA

(ACI318-19 Sec 8.4.2)

A drop panel in a nonprestressed slab, where used to reduce the minimum required thickness in accordance
with 8.3.1.1 or the quantity of deformed negative moment reinforcement at a support in accordance with
8.5.2.2, shall satisfy (a) and (b):

(a) The drop panel shall project below the slab at least one fourth of the adjacent slab thickness.

(b) The drop panel shall extend in each direction from the centerline of support a distance not less than one-
sixth the span length measured from center-to-center of supports in that direction.

518.3.1.1 a8 5 4, sllae dSLass Bl (e JlEll andins s g Adise ) D) 65 g gl ddaaall AL b5 () oy
(=) 5(1)8.5.2.2¢) 31555850 vie Il 6 el ¢ Sladl) ol 48
Y e 5 ) glaall AU clans w303 Jausd Aadosall A3 Lalind 055 of camy -
&) S el e ) padl I gda et e JE5 Y Ailal 338 50 35S jall Jad (e ol JS b Adaueal) A3 i of gy -
slat¥) el a S U 5K 5l

I 1
column m}- slab -\i?— : column
) o
i e oh 0
d A B /;Izm ZMI;/(,";
rop panel . = ¢, ={,/O8%
4!: 1
I [S 1
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Table 8.3.1.2—Minimum thickness of u;“\@h QU::M\ ‘53 Q\;L&.}Yb <all ;\LM A8<lew dﬂi -

nonprestressed two-way slabs with beams
spanning between supports on all sides

ap, ™M Minimum fi, mm .‘):’LS‘)H U:’:’ Q“)‘S c‘“
i = 0.2 8.3.1.1 applies (a)
( P ) Gleliadl & gan iadl g U3 8 Sleliad) Claa 28ail | Hlas
£ |o8+—=2 =
. (11021 " . - N $ R ..
S Wﬁ% © Glual day jad AlESle el 8 S ja) 2 K a3l A5 50
125 ©) Aslad!
S
Grontor E{”'*%] @ sl A1, slall s lall J olall s __Ln Short
G = 2.0 of: 36+9) < o GJ < a8 5 : ﬁ -
B Ln Long
20 (e) E I
Mg, is the average value o r all beams on edges of a panel. JLN I K " e Ay _ —cb 'b
s ﬂ:Je clear spani]lﬂ]ef:l;;di:il[:m mEasu:'iEgd ﬁci—ﬁg-ﬁcle of beams (mm). 4.2)\.\]\ L:J\ o)ASﬂ L;"“m )}‘Aﬂ‘ [P s o =
I is the ratio of clear spans in long to short directions of slab. o | s
a :a1+a2+a3+ ..... + a,

m

n

(ACI318-19 Sec 8.4.1.5)

A column strip is a design strip with a width on each side of a column centerline equal to the lesser of 0.25(2
and 0.25€1. A column strip shall include beams within the strip, if present.

Lagarai dag 18 o column strip oloaall sl saae Y1 slae die dilall day 80 4 58 51l 138 (e Sl dalall (5aladl) e aiy
(0.25 L1 or ) sl Lagl s ke column centerling ool 5l 3aae ) jslas b il sa (3o il JS e (aje @il
0.25 L2)

(ACI318-19 Sec 8.4.1.6)
A middle strip is a design strip bounded by two column strips

(two-column strips) Cuiaila Giag pd Aaladll el day 30 oa( middle stripes )idaw sl day i)
(ACI318-19 Sec 8.3.1.2.1)

At discontinuous edges of slabs conforming to 8.3.1.2, an edge beam with af > 0.80 shall be provided, or the
minimum thickness required by (b) or (d) of Table 8.3.1.2 shall be increased by at least 10 percent in the panel
with a discontinuous edge .

o slaall elanadl o) aall 30l 5 &y slof > 0.80 ¢ <ld 4 yla <l e 3863 258.3.1.2 ¢ I Adlaal) AL 5 yatine il Cal YY) 2ic
B yalua j Adla 13 AL 8 J8Y1 e 107 4awis 8.3.1.2 sl (e (2) sl () Ao 53
(ACI318-19 Sec 8.4.1.8)

e il AL (e o jadl Glld ails (S A8 jall cliiall 5l Gl Lpiany ae ol sie JS5 s jualic s3diall cliiall b dgial) (el
Al e el 13 4 W O e ST Legal ol ol i el Al Jaise (g sl Al I Niaall 5 cgiall Cail s (e il S
ool (SN e ge s LS 5 ALl el JUial

By + 2Py S By, + Bl

— e =20 4
7?1 oy

-7 P

L=
Fig. RE&.& .8 Examples qf the portion of siab o be included
wrrdfr efie e aander S.oF F S
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(one way shear) slai¥) giai padll =

(ACI318-19 Sec 22.5.1.1)

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

Vu=Vc+Vs A 3V ¢ cediall 3 5olad b e il L fa n 1y -

i ks adadall alag) paat gy -
Vu<1.10(Vc +0.66\/fc’bd) @ = 0.75 Ve < 0.17Abd/fc' KN

(two- way shear) sla¥) (lid jadd) =
(ACI318-19_Sec 22.6.1.2)

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

Table 22.6.5.2—v, for two-way members without & ) Laad  Lelae)d — 2 <
shear reinforcement B Cc1 ( ) d-’ Je )/15 1+0.004d — 1
5 A e S @ =
0330 M7 (@ o ° a 40
i " Y —
(onnﬁJl AT (b) Molliet a =30
Least of (a}, (b), and (c): ’ p e

L€ i saee N @ = 20

0.0830.,d .
(0. 17+b7Jljl\[f, (©

o

Notes:
(i) A. is the size effect factor given in 22.5.5.1.3.

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

e Punching sheard 343 =il Critical section g glladll =

G AAY) Gall) La glial zrabeds aladind ase Ala B Y
(d/2) ddlus o da jall cileUaill 3355 el gl 5 3058 ae ) il 5 eS8 5 38 el saee ) Jom GIAY) (al cilalgay! sl
drop panel L siv 2 ga s dai A clens il Jana 3 gaal) 2l da g (e 2 geall dng (e 338 5all 5 0 Jamar e Audlia
Tl JSEN 8 daiin e a oS Tald) o 3all (4 02 2ain JAY) 5 2 senll dn 5 (g /2 Alse 22 S5V Cpm s (pelB an g Uil

L AL

. —b+d +
Equivalent area _I_\_J__('\:: _____ _;f
Loading area R Critical shear
= < j";\ I b ! szperimeter
= D
. A\CZ/C}r\‘o';'
Critical shear™_ ~ |
perimeter$™ Q/Q |
VO —
oL O
L@
N
nonrectangular column ?‘\) C\)O Internal column

l b+d/2 T Crifica: shear T b+d T Crifica: shear
______ perimeter A perimeter
d‘? -7{ ) /2 _?{
[ I I 7
L Iz . |z
L
+———b——d/24 ———b—+d/2+

Corner column External or edge column
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d.

’»drup width+d
D+d, A
T— I-T ’5\ 'd?;dﬂd

e}

] H
+

G A
i

d/2’
Critical shear ]

PerIEter ¢ jtical shear |
erimeter

i
i AKS)

T

??

X
O
3

N ‘
Critical shear

ear  Perimeter

Flat slab with drop panel

drop width
drop width+d
1— D+d; —'
d; d=d+t,
Ful| — — 1
1| 1 r )
di2 W o —
Critical shear —J L Critical shear
perimeter perimeter
Critical shear — L Criticjl shear
perimeter perimpter
D Flat slab with column head & drop panel
drop width

—
d
4

Critical shear _/

Critical shear
perimeter /2 perimeter
Flat plate
ot
T—D-f-d —f
+—
d Pl - Y
* 0
Critical shear _/ Critical shear
perimeter (/24 perimeter
Flat slab with column head
V}\

$—drop width+d ——

D &

e

GISAY) (e A glia B AS Ll ale aladiiad s b ;Ll

Ao gl IS Lol i ) Ailiall Algd (e 02 Alosa 20y e 333 i) 7 s pUsd cllia ALl da sl cileUnill diLaYl

b— 2 —4 arz
. Critical section
e outside slab shear
o reinforcement
1 -~
arz T T
~
~
~

| b
—
—
-
2
i
-
.
&

-
-
-
-
-
Critical sucti:,:w through

slab shear reinforcement
(Mirst line-Stirrup legs)
=

B

T—*d}2
| 11

slTb e I

Elevation

(ACI318-19 Sec 22.6.1.3)

t—2d —4

) JSEN 8 i ge 5 LS il

S Critical section

- T 71

~ outside slab shear
~ reinforcement
1 S
arzd S
~
~

—tdsz /2 +— \\Td-"z

0

L
d
1

N R U

PR
41T

I
A

o

S -7
2 .
Critieal scc[i?ﬂ through

Tslab shear reinforcement
first line Stirrup legs)

Table 22.6.6.1—w. for two-way members with shear

reinforcement
Type of shear Critical
reinforcement sections v
Stirrups AN 01T, AT (a)
025k A7 )
N S Least of - 2 Y 3 =
Headed Aeeorains e | m o, °'1'[:1+ pJ’-"ﬂM fex
shear stud T amd (e
Teinforc ement
o_os_!E:-r%'-.‘—"]a,.aJ.-_; ol
0,17, a7 (e}

d load, aor

Nominal shear strength for two-way members with shear reinforcement other than shear heads shall be

calculated by :
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(ACI318-19 Sec 8.4.2.2 .1)

If gravity, wind, earthquake, or other loads cause a transfer of moment between the slab and column, a fraction
of Msc, the factored slab moment resisted by the column at a joint, shall be transferred by flexure in accordance
with 8.4.2.2.2 through 8.4.2.2.5

Seadll AL o 32 MISCe | (0 6 3 585 62 sandl s AL (G o Gadl 85 s a1 e b e sl e 3V 505 2l 305 anl 11 Jlaa¥) 1)
u\ a 'Yf Msc « « 3 ganll :X.Lu.n\).\ e)ﬁ—d\ 2adl dda3l pE s sy m\}dL@J&!aﬁJ (Joadall ‘éﬁ 3 ganll :&.L:.m\_y ?}LL‘M

= <1 ¢Mn=yMu

2 |bq

IS e Al ) A8l 2 sanll 20 ) 2 ganl) a e sy MSC A sl bslab Aadll Juadll (i jall ¢ 5 o a3 (8.4.2.2.3)

Jsaall 88 g Cula
Distance on each side of column or eapital
Without drap panel 1.5k of slab
Lesser
or shear cup Distance to edge of slab

1.5h of drop or cap

With drop pancl or
shear eap Lesser Distance to edge of the drop or

cap plus 1.5% of skah

L) il Sga ) Easa il UL yF I (5 pumil) ilsadl) - 8.4.2.2.4 Jsosll w

Table 8.4.2.2.4—Maximum modified values of y; for nonprestressed two-way slabs
Column location Span direction Vi &, (within bg,,;) Maximum modified v,
Corner column Either direction <0.5¢v, >g,, +0.003 1.0
Perpendicular to the edge <0.75¢v, >g, +0.003 1.0
Edge column s <1.0
Parallel to the edge <0.4¢v, >, + 0.008 1+ (E) b
3\,
1.25
) ) o <10
Interior column Either direction <0.4¢v, >g,, +0.008 - [ 2 ) \/b:,
3 J\(b,

8.4.4.2.2 The fraction of Msc transferred by eccentricity of shear, yvMsc, shall be applied at the centroid of
the critical section in accordance with 8.4.4.1, where:  y, =1 -y

(8.4.4.1) « 1 &85 7 jall adaall 4, S jull ddaiill i yYMSC ¢ ¢ il 43S D) o) 53 A1 SLIIMISC (1 & S (3201l 234(8.4.4.2.2)
18 SABCD ¢ ol adaiall Jama dinaialy oa s 5l 303 3 50el R.8.4.4.2. 30K (8 Ganall saill e slea V) a5 55 o 0 i iy s
OSat 7 oall adaialle-C s 3S el ) gaall e MISC 3 sae ddas 53 asiadl) A3 4 e 5 VUG Sl (aill slgad 20a3 2122 6.4.1 1

Al (e dian (b dlgal ol Gla
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cy+d & Column
M c = ‘J: ''''' @ Vu.co ‘—"X*J’rg K[’w —IV"'AB
VHCD=vug_TV stcn ; ‘ i ’ W‘;;; N
| J, wrdl b B e (g
Ci——-—f——-—*‘B N—Critical E’EJLLi 4 ;_’.v"" -
} section c

Interior column

V= vﬂg + Tvﬂ'frmcaﬂ cy + d/? & Column i
c D ______‘:A [-'H]Gyu“
wval B3 L1 M Snear
slomt-ig [ Critical roIUEL
A - ti (=
l—'}—_'; section
Ccop €as
> Edge column
Fig. R8.4.4.2.3—Assumed distribution of shear stress.
d(C,+d)? (C;+d)d® d(C,+d)(C,+d)?
Jinternal cotumn = + +
6 6 2
db,®> b,d3 b, 2 5 d
age conumn = =+ “o—+ 2dby (2= Cus ) +bydCas> @by = (G +5) &by = (G, + )
__bi?
Cap = 2by+b,

(ACI318-19 Sec 8.6.1.1)

A minimum area of flexural reinforcement, As,min of 0.0018 Ag, 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.

As min = 0.0018Ag &bl cliai™ wlos J8) 23y
IfVuv > ¢2Asavfc - 4, = S;Wbs,? b,
: o f,

(AC1318-19 Sec 8.5.4)

8.5.4.1 Openings of any size shall be permitted in slab systems if shown by analysis that all strength and

serviceability requirements, including the limits on deflections, are satisfied.

e i) (8.5.4.2.0) & (8.5.4.2.0) i il lullaial L clladlul) Al Aaial) il il clasdl ot e

Lol A A e 4 ghie Dpaseadl) Ao gliall of dalaill il 13} (serviceability conditions) alaaiud) s de i) cildlaia
.(deflections limits) sLaiy) cilaaas llb & Lo 45 glladll

Al ¢ yaall 88 g coliie e 4l e Q&M\Miga&ﬂ\ ARy e ALl 3 3l & Cslhadd) sl AT By

(@) Openings of any size shall be permitted in the area common to intersecting middle strips, but the total

quantity of reinforcement in the panel shall be at least that required for the panel without the opening

zeledll s 4 e Adadladll ole ) ja aa Aodas ) =1 ) adaldly sa0aall 38 yiliall Aalisall Craa lulie 4k el L e (@
Aaih e dygla e Alilae AbDda gl L 4 gladl) 4K
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(b) At two intersecting column strips, not more than one eighth the width of column strip in either span shall
be interrupted by openings. A quantity of reinforcement at least equal to that interrupted by an opening shall
be added on the sides of the opening.

ol S (e Baae W) day i (i je i (e Sh ol W (g Ay pi (3aee Y g ) Al il i) Cladald il 3 g g3 ey (D
Al el ol g e il apas e 23S LpaS dila) 25y of e
(c) At the intersection of one column strip and one middle strip, not more than one-fourth of the reinforcement

in either strip shall be interrupted by openings. A quantity of reinforcement at least equal to that interrupted
by an opening shall be added on the sides of the opening.

m&éé}id\c_M "\&;LMQJSSQM)&@L;@JJCAMZ }a;ﬁ)xtzu;mu\asm \hw\gauﬁqﬁﬁcug (c
Ao JS) lutl) S ) sl Y Asidl)

(d) If an opening is located closer than 4h from the periphery of a column, concentrated load or reaction area,
22.6.4.3 shall be satisfied
s Jad) 2505 dihaie (e dlie AL claw Cilaal 4 (4h) e J8 dilae e Leadl ge o585 il e 4 lal) a3l 8 (d
(column strips) 3aac ) T A alai e 4gls (Flat slab) dadaual) cilladUll ) ¢S5 Ladie $5 38 el Jlaly) shalia
A AN o gy A el Gl adalie Jass f g
4 s yall 5 (Opening boundary) <l 3 gaal duleal) dadivall o gadlly blaall & all adadall Jasa (e o ) @l Jlaa) cany
JM\JJJJ:\ALMJSJAJJSJAX\M\)SJA}‘J)A:J\JSJAUA

Ineffective

%

/1/ Opening|
N Jr-- :*"g ;*”ﬂ
i - i ' '
T 7T BT
: - - : - - '
] ] i

. I
/l/ “ ° Free corner7
C — | =i [
— &= - T
i S
,,,,,,,,,,,
1 4%

MNote: Openings shown are located within
4fh of the column periphery.

(AC1318-19 Sec 8.7.2.1)

Minimum spacing of reinforcement shall be at least the greatest of 25 mm, dy, and (4/3) d agg
ST Lagal pasiaall S U (4/3) d ) pasise mas plad ST 51 25mMM (A s bl das (p Al
(AC1318-19 Sec 8.7.2.2)

Maximum spacing s of deformed longitudinal reinforcement shall be the lesser of 2h and 450 mm at critical
sections, and the lesser of 3h and 450 mm at other sections.

3«;’“}@—)}“&\ Aaa Gy Al ) dasy

5 3h Ll J8Y) 33l o sl el Jia dpoladl haliall 85 450mm 51 2h L) J8Y1 Al Gy 5 da ) Ghiidl & -
450mm
SV adl Aa oy Calite calls elindl o e Lagd 0y slaie iiladl dsa g i -
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%M\Mﬁﬁw\a&‘;&4..\A_)45\djbcl\\du.!‘)muyé\}_ﬁuaﬂ)ﬂ\}uﬁud\ﬁbuﬁ‘)}@wﬁdﬁjuhuﬁ -
Al

(ACI318-19 Sec8.7.4.1)

Where a slab is supported on spandrel beams, columns, or walls, anchorage of reinforcement perpendicular
to a discontinuous edge shall satisfy (a) and (b):

(a) Positive moment reinforcement shall extend to the edge of slab and have embedment, straight or hooked,
at least 150 mm into spandrel beams, columns, or walls.

(b) Negative moment reinforcement shall be bent, hooked, or otherwise anchored into spandrel beams,
columns, or walls, and shall be developed at the face of support.

aise JS Al dils (discontinues edge) 3 aiwall e Alall o delaiall don sall o g all ol s ey o any, -
32 Y) ) (spandrel beam) 4:stall il Jals 150 mm oo J& Y i diluay (hooK) JSiis <o sSae i (Straight)
Ol )

ity o iy ol i O A (discontinues edge) b ocival e Clilall ae dabaiall 40U 4 5 5el) dikaie 8 midodll aas -
4 slhaall il ddlse and) Jals ) disall s 5 (e iy ) Gan 5 O saadl 5132421 1 (Spandrrel beam) 4 sall dall Jala
35S0 el G

(ACI1318-19 Sec 8.7.4.1)

Where a slab is not supported by a spandrel beam or wall at a discontinuous edge, or where a slab cantilevers
beyond the support, anchorage of reinforcement shall be permitted within the slab.

Wi e (cantilever) () siS Al ()5S lavie ol 5 paiuall je Lgiila vie jlas o A die o satiue A3 (585 Y Laxie
Ll (wa(anchorage) C_)S.....IJ\ as Gty Ty Al oda = 3 ypaiisall e ddlal) 2ic

(ACI318-19 8.7.3)

Corner restraint in slabs

8.7.3.1 At exterior corners of slabs supported by edge walls or where one or more edge beams have a value of
af greater than 1.0, reinforcement at top and bottom of slab shall be designed to resist Mu per unit width due
to corner effects equal to the maximum positive Mu per unit width in the slab panel.

Batiual) oDl A LAl SV oS Alla 8l S5 ) i) cildliie s sey Sliu gy g sle zalasi a5 20w (8.7.3.1)
O xal e oy Al A I3 4kl ciliall e STl saa) 5 5% Leie i (beam edge) Aok Ol e Ldldla xie
I n e p e (ol () Ll A (e i se Ban 5 IS o e de sl LIS A jlal) (1S3 i)y o lall ol s (95,

&M\ ‘;c Jalia U e SJ;J

(8.7.3.1.1) Factored moment due to corner effects, Mu, shall be assumed to be about an axis perpendicular to
the diagonal from the corner in the top of the slab and about an axis parallel to the diagonal from the corner
in the bottom of the slab.

O LS Y (e g el il e el saall J g 0585 A3l (5 lall an 1) 8 Jabusall o 5l ) ) 580 22 (8.7.3.1.1)
AL S T e g sall i sl g ) sall S small om0 585 AL Jau) aa ) 3 Tabisall o 3a)

(8.7.3.1.2) Reinforcement shall be provided for a distance in each direction from the corner equal to one-fifth
the longer span.

Al Y elaill Jola ued () 6 sboe OISOV (e Alie CpalaiV) IS 8 ddlisal OIS V) il s ey o 2y (8.7.3.1.2)
(slab panel) &3
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8.7.3.1.3 Reinforcement shall be placed parallel to the diagonal in the top of the slab and perpendicular to the
diagonal in the bottom of the slab. Alternatively, reinforcement shall be placed in two layers parallel to the
sides of the slab in both the top and bottom of the slab.

LS ALl il (8 i gl e Naalatie linal) pmbull daa (9505 530 () ) 50 (5 slad) SOV bt s 580 o 202 (8.7.3.1.3)
ALl Janl 5 et 8 Al il s ) Al s 05Se8 JS8 o SOY) e aiaa i 55 0% DAT JaS s olial b (e
1 & S B-1 or B-2 siiad] 3elual) A 55 Ladie o3le | Gabadl aal a2

O DT Dl I T R T

-, ——— — —— —
1
1
1
— o
r:l"_'l= £ —rr
A top per 5.7 .3 i =
1
Ao bhottorm paer 3.7 .3 :f I
—\\_ = e | T M
_|:Ii|______§—_1______» o = }
'l = 5 ==
| _
rLLchngJ"rS
-Lr_or-g
TN
- T X
__l:EI_________________EI:_ _
1 1
1 1
1 1
-] i Ao per 8. 7.3 ";i_ﬁ ra
= -
! o S baltnmﬁcx\‘ 1 SFacrd
; i
i = R
H == —1i=aF _ _ — — — _Jgoocgg. +
1 X
{LLarag-l"'.s
L ——
TN =
Pl e -
1. Aapplies where BE-1 or BE-2 has ~ = 1.
2. Max. bar spacing 2, wheres fr = slab thickness
Fiagm, S T T T Slcads carrrrers ane dra S e e e

(ACI1318-19 Sec 8.7.4.1.3)

Location of first bar designated only by size and spacing, two-way slab reinforcing bars
Ao Je dgglall e bl sldl) sas Jualds

CODE COMMENTARY
Mirnimum
Strip Location Ag at Without drop panels With drop panels
section
p4r 0.30F, 0.306, 4} 0.33¢, 0336, +ls
o I I 1 I
B I i i 1
Top 0.20f, Not | /0204, 0.20£, ; 0.204,
[ n— less | [ 1 |
sk Trc i || than l | ) Mot less |1
Column M s5d H ¥ , _ than sd il
strip A+ 150 mm 1 | 1 150 mm A
i tsomm . ! ) -
| | Lt
" " T O T O
Bottom 100%: LA i)‘«t least two | Splices shall be I HCDI‘I‘HI‘ILJULJE- A
o bars or wires | permitted in this region | bars '! v
| shall conform 1 L |
! to B.7.4.2 ! !
0.22¢, 0.22¢, qu_,_r 0.22¢, 0.22F
100% X I ! !
Top L?_ﬁl 0l
Middle
strip | 150 mm
: |+ | o
Bott so%e | - |
ottom - | | . 150 mm Max. 0.15F H Max. 0.15f, 150 mm |
Remainder ‘.J.-1 ‘rJ.-‘.
e 1, S Syl
— Clearspan - £, —=7"T"[=— Clear span - £, —J
I Face of support | Face of support |
F Center to center span R Center to cemter span S
Exterior support Interior support Exteror support
(Mo slab continuity) (Continuity provided) (Mo slab continuity)
Fig. B 7.4 .3 _Mininmuom extensions jfor deformed reinforcement in rwo-way slabs withowr beams.
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Examples for Design Slab g s -dall duald ) cildadel) (any avasas

Example :
w Given : - -
ﬁ% 5.87 m %
Slab S10. Fc' = 25 Mpa. Fy = 280. EE
L (long)=5.95m. L(short) =5.34 m. w. of beam =300 mm. _ e EE
Live load =2 KN/m2. Finishing Load= 2 KN/m2. mmIEEEEEEEEEELIE
y conc.=25 KN/m?3, y block.=8 KN/m?,
% Check :

The direction of ribs is chosen:

Ribs are perkendicular in the LONG the direction :-

Lns
h,,. =——— .. ACI code 318 — 08 Table (9 —5 —
min-— coefficient code able a)
(5340 — 400)
hpin = = 235.23 mm
21
Use h = 300mm

use hollow blocks of size ( height x width x length = 20x20x40 cm)

% check :
e Thickness of topping slab (ts) :
Spacing between rib

s > 12 >40mm.. AClcode318—-08 (13—-6-—-1)
400

ts>——= 33.3mm say ts=100 mm

b, > h _300_ 85.71

w735 35 oo/omm

Say b, = 150 mm

Length of block < 750 mm .. ACIcode318-08 (8-13-2,3)

hyip _ 20

0
o 6—1.335 3.5 OK

b (effect) = b w+ Length block =150+400 = 550 mm

HZEENg

v B
Sl ¥

T

w Solid part :
bw =150 mm

0.5 of beam width =0.5x400=200mm
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Say solid part =150 mm

e Forlongdirection
Lnet,,, = solid partx2 + (N) =400 + (N — 1) =« 150

N=no of block

5650 = 150x2 + (N) * 400 + (N — 1) * 150

N=10.9 =10 block.

Say No of Rib=(N — 1)=9rib

Solid part = (No of block calculated - No of block used )xbefective
Solid part = (10.9-10)x550=450 mm/ Two side

Solid part = 225 mm/ side

Final width of solid part =150+4+225=375 mm

e For short direction
.LL >3 KPa and L=(4-7m) need for one crossing rib

Lnetgyo« = solid partx2 + (N) * 200 + crossing rib

N=no of block

5040 = 150x2 + (N) * 200 + 150

N=23.2 =23 block.

Say No of Rib=(N — 1)=22rib

Solid part = (No of block calculated - No of block used )xby,ock
Solid part = (23.2-22)x200=240 mm/ Two side

Solid part =120 mm/ side

Final width of solid part =1504+120=270 mm

& Loads per rib:
Toping slab =0.1*25=2.5 KN/m*2

Rib =2#0.2*"22 4 25=1.4 KN/m"2

Hollow block =10*12*9.81*10-3=1.2 KN/m"2
DI=(2.5+1.4+1.2)+(2)=7.1 KN/m"2

Wu= 1.2D1+1.6L1
Wu=1.2(7.1+1.5)+1.6x(2)=13.52KN/m per 2rib
Wu/rib =0.55*13.52=7.43 KN/m

% Check of Shear:
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D=h-c-9,-2 = 250 — 20 — 8 — 14 + 0.5 = 215mm
1.10Vc =1.1d * 0.17 *V Fc *bw* d

1.1®Vce=1.1(0.75*%0.17*V 25 *150*265=27.87 KN

Vud = W“ZXL W, (b of :eam + solid part + d)

7.43+5.34
Vud =

—7.43(0.5%0.4+0.270 + 0.265) = 14.377KN <1.1®dVc

Max shear force Vud = 1.15 W“ZXL W, (b of ;eam + solid part + d)

Vud =1. 15 = 7.43;5.34

—7.43(0.5%0.4+0.270 4+ 0.265) = 17.35 KN <1.19dVc

Use minimum web reinforcement 5¢8mm/m

=+ Design flexural reinforcement for the rib :-

Mu = (coeff.) Wu Lns? . Lns=5.34 - 0.4 = 4.94m.
Mu.Con=(coeff.) Wu Lns?>=1/11*7.43*4.94"2= 16.48kn.m/rib.
Mu.Mid=(coeff.) Wu Lns?*=1/16*7.43*4.94*2=11.33 kn.m/rib.
Mu.Con=(coeff.) Wu Lns?>=1/11*7.43*4.94"2=16.48 kn.m/rib.
Be =the minimum of:

v’ 12*ts + bw =12*100 + 150=750 mm.
v L/4=5340/4 =1335 mm.
v" CI-Cl =550 mm.
Take be= 700 mm. bw=150mm. d=265mm. ts=100mm.

MRu=¢*0.85*Fc'*be*ts*(d-ts/2)
=0.9*%0.85*25*700*100*(0.265-0.05)*10"-3=287.83 kn.m.

MRu=287.83 kn.m/m > 11.33 kn.m/m

section behave as rectangular with b=be=700mm.

Mu 11.33 x10"6

Rn=———  _  Rn= — 0.256 Mpa.
"= 0.9+be~d? "= 0.9%700 2652 pa
25 0.85 0.852 1.7 0.514| = 0.00185
=—x(0.85— |0. ———=0. =0.
P =3280 25

14 _ V25
mln—f—y—0.005 or  Pnmin= m—0.0044

[185]



onspsslldey g 05 Lysina b paalalalll

Pmin > P

As = p*bxd = 73.53mm?
ASpin = Pmin * b * d = 174.9 mm?

Use 2¢014mm(308mm?)/Rib

& Check ¢:

AsxFy  2x0.25mx14%x280
085xFc’xb  0.85x25x700

=6.71mm

a
B—085 C—E
6.71

_ 265——
£,=0.003 + “—=—"1,0% 1 0.003 =0.078> 0.005

0.85
Tension failure %=0.9

W% Check the tensile stress in the top slab:

Own weight = 0.15x25=3.75 kn/m2.

Loads on topping slab.

Wu=1.2D+1.6L

Wu=1.2(3.75+2)+1.6x2=10.1 kn/m2.

Mu = (1/12) Wu (¢ — br)?=10.1%0.42/12=0.134 KN.m
Treat the topping slab as a plain concrete

Fr=$ < 0.65 * 0.62 *VFc'

1000x60° o 4
= T = 18x10°mm

C=0.5ts=0.5*100=50 mm.
0.65*0.62*v25=2.01 Mpa.

* 6*
Fr=22219"50 _ 663 Mpa < 2.01 Mpa OK
10.1+x10"6
OFrl 0.55%2.1%*10.1x10°
Mgiap capacity = C = 50 = 0.23kN.m

Mgiap capaciey > M,, OK
For topping slab use 5¢10 perpendicular & 3¢10/m parallel to the ribs.
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Ade liriu¥) Sy ALY i) & pulal jeaie ) guadl eV juall (e dikiall o2 8 23 da slia) 2l dilaie 8 il

e lla i ad Byl
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e &l oS5 5 (Girder Beam) A i1 @) jaliall (o day i g 32aeY) (8 zlaaiDU Jladll J glall (e JI85 Cum 23LESY) pealinll
Sl Ao Jpandl (2 x55SOl adi e ) guadl Jond Gl dpulal) (5 58l daglia o acliy Las 3202 YU Lol

a3l Jie L Joai Al paalindl il elusad) (o ) gusnd) 2y 3 5 Lot A g (pm yy kit yual) ) Aol

o S e i

JSil) Cosa ) g d) (driial @

(Deep beams) Adweall ) guall

(Short cantilever beams) 3 szl 4 slSIl ) gusal)
(Circular beams) &l ) gueal)

(Broken beams) s_uSall ) suall

(Curved beams) 4w séall ) sl

(Cantilever beams) 4 s<ll ) sal)
(Normal beams) Zualall ) sual

OmMmoowm>

et crwns jgpuallciyzing o

(Girder beam) dusiy jgux =
OsS) pall O o) 32 Y1 ) 8 8ka (s AY) Jlea¥) ) A8laaYl 4y il ) susall o Aadldll Jlaa) Jiy o585 S ) susall 0
L) JSEN & (4) @) ) Jie (U () s 5l Baeely dliata Liles

(secondary beam) 4usli jgun =
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L
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wﬂ\&h&i\d&i&:&auﬁJwim °

(Rectangle section) Jukaiwall adasall A
(T_section) T < J85 e alaidl B
(L_section) L s JSi e pladdl C
(Trapezoidal section) <iaie di S5 e oLlsdll D
Al el Jllidl E
bcf[i"

] btf[i:l bnl b(f”:.? B

|

| |
.
5t

apdigthilmaluisns s jpwallddyial o
(Single reinforcement section) 2t gubud 3 ) gua A
(Dabble reinforcement section) z s < guled <3 Hsua B

Sl haladl o jgwalicisivat o
Under — Reinforced Beam (tension Failure) ~&-) J&é =

zealasill A e JB1 () pdaiall 2 el s (5 555 Lo adaiiall i) (e g il 13 iy 5 0l A1) 5l U8 bl g gl iy
LlecaiV) 4 glia ) dla Al Jgea g 8 (fy) (o sike A e (aall)e guadll daslia ) Joay 28 sl 2aa ()6 131 (p) @l
138 5 (10.003) s sibe Jladil aadY Dl yal) Jsam s J Jladil omd Y Jamy 2aall o iy (0.85f)  (Fua ik e sl i)
(lelind¥T) bl jaiVl g (5 ail) ) seds OMA e JledVI U8 smiad yise amy Y AV £l 5YL A jlie Juady Jidll (e g il
gladll A adiiall molodll s A1 g Alad) o8 g sl £3A) 5 (Sal o) WS Aadlaal A 8l any Laa sy Ha3 3) Yiall
Al = 5h (B (ppin) e st Leie J81 aladin aae cang eraludill doad Uiy A 2 6SI) o AISEA 238 8305 Sl Al

Je< J&
B -k
g Z
o _._ i —  im— Rt - m—, s it il il
= g
Strain Stress
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Balanced — Reinforced Beam (Balanced Failure) /=¥ J-&bé =
Al 4 slusa(p) pdaiall Al ealost A ) 55 Latie adaiall Ll (g g i) 130 Gy g cand 5 o) 8 Bl Al 5 aladll daa gl iny
Ly A sl ) A 2 e s e () (st B lia o) g guimdl) B i ) 330 ot a3 Joad () (55l gl
et alY Al Al Jsas pe Jadil ol Jiay sl o i by By 3 (0.85f ) (it daglie aaidl)

.(0.003) s sida
fe
E,=0.003
Ag, i
—— & | — — Love e e o of ]
g, A 3
Strain Stress

Over — Reinforced Beam (compression Failure) hliwai J-&bd =
gl L e 58I () paiall Al el Aausd () S5 Lanie adaiall Ja) (e g il 138 gy ol s U8 AL AN Ll ey
rail) Jalaaai¥) A glie N Al 30 Jgamn 5 U () (R st o sl (il sumdll e gl ) oy 2301 il 81X () i)
g sl 138 5 eladll Juadid aall Jga s I8 (0.003) 0 side Jlaiil (sl i Dl )3l ) imy (0.85f) (A yiie da sl
(8 zeabostl) 3paad (5 gl A 35S s A (L) 13g eansy Y 35S0 (la U eLiiall o 3A Y Jlaall any V5 Alad () 5S5 Jdll (4

) adaidly Aadl oda b adalall (i yay 5 & Uall

, - £
 &Ec=0003
/
g Z
09 — — - —_—— —
£, Ia
Strain Stress

i) Gods wa jpad) Ciniat o
Cast-in-place concrete (non prestressed) slea¥) dduie e adsall B suac joun
Cast-in-place concrete (prestressed) slea¥! s ad sall 84 suma Hua il
Precast concrete (manufactured under plant slea¥) a8 o585 Qi) (8 a8 gall 7 A i Hun il

control conditions)
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e ACI318-19 Sec 20.5.1.3.1

ol dailly (ACI-318-19 ) dg< el lla i

BYNEN RV SN PWEN P P | JVEEN T DEN IOV REN A OV IV N B g RN

* ACI318-19 Sec 20.5.1.3.3

Al Sl A elae J8l dlew sy Cast-in-place concrete (non prestressed) Jea¥) A yall 5 a8 g0 4 suad) A3l Al
GlS) A 3lal) mdudill e (stirrups) <US se (Primary reinforcement) o ) zedodll 4y ((ae 40 ) s2e¥ly ) guall
[(ties) (3aey) clils) Alal) clday ) (spirals) (Bl 3aec )

* ACI318-19 Sec9.2.4

* ACI318-19 Sec9.24.1

T Cia 0S8 e gually Aalall cllal 38V e oS5

In T-beam construction, flange and web concrete shall be placed monolithically or made composite.

s Laghay ) amg 48313 5 4 5 Jaatl (Web)andl s(flange) zlisd) cas & Cum (T) Gia g5 D suall 2055 )5 i s

* ACI318-19 Sec6.3.2.1

Jlad J

AU e Aleaial) uanll il Aladll slas¥l 23y

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

Effective overhanging flange width, beyond face
Flange location of web
8h
Each side of Least of: 5,./2
web
[,/8
6h
One side of web Least of: $,./2
1,/12

* ACI318-19_Sec 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 0.5bw and an effective flange width less than or equal to 4bw.

(% ) ce cliad) clow 0 Y () i liad) ddand g Ala) L) dalioe 18 5383 jia uinS (T) Gia § 55 (g y sweal) aladind xic
nanll (e Calaal day ) e Jladll Zliadl (50 33 Y 5(0.5bW)casll (= 5o

e ACI318-19 Sec9.3.1.1

Table 9.3.1.1—Minimum depth of nonprestressed

beams
Support condition Minimum #A'"!
Simply supported £/'16
One end continuous £/18.5
Both ends continuous £/21
Cantilever £/8
[NExpressions applicable for normalweight concrete and f, = 420 MPa. For other
cases, minimum # shall be modified in accordance with 9.3.1.1.1 through 9.3.1.1.3,

as appropriate.
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Aeab b mas 5 (e = 2320 kg/m3) (Normal weight Concrete) dusbal) &l ,all pala aid) Jsaall o ) 3 Lay) jaas
Lol LS al) J335 0 g 5 ,AY) YAl (420 Mpa) s sse () & saas
(we = 1440~1840 kg/m?3) il Giiedll Gm 5% =58 005 W Vs (Lightweight Concrete) o)V dass Al Al
10m DSV Jalaally i il (8

1.650.0003wc e

1.09 o

- (0.4+Fy/700) dalaally @ puiat o gy wilé (420 Mpa) 0 (fy) g sadd) dea) dad ilial) 1)

e ACI318-19 Sec22.2.2.1
Maximum strain at the extreme concrete compression fiber shall be assumed equal to 0.003.

. (0.003) I L sbose Ao jall iV Talimi¥) il 3 adiiuaall oasdY) SV ()5S (0 im sy

e ACI318-19 Sec22.2.2.2
Tensile strength of concrete shall be neglected in flexural and axial strength calculations.

Anlall Gl 3l & ) snall Jlaa ¥l s slini¥) cilibon 8 Al Al 280 o lia Jags

* ACI318-19 Sec 22.2.2.3

The relationship between concrete compressive stress and strain shall be represented by a rectangular,
trapezoidal, parabolic, or other shape that results in prediction of strength in substantial agreement with results
of comprehensive tests.

IS (sl 5l 0l adad gl Canie dnd ) Jadaias JSE e Bl A Jlaiil s il jall 3 Cilalea W) w8 o A8l (S5 o) sy
) S (e ey A

e ACI318-19 Sec22.2.2.4
A )58 O 8 gl o g ¢ 81K Jalione JS Al Al Clalga) w355 Jleninls A8 55 cilillia sl &)

* ACI318-19 Sec22.2.2.4.1

Concrete stress of 0.85fc’ shall be assumed uniformly distributed over an equivalent compression zone
bounded by edges of the cross section and a line parallel to the neutral axis located a distance a from the fiber
of maximum compressive strain, as calculated by:

Iad g oyl o) il Adalaall 5 LIS Labail) dihie e aUsiil e jga (0.85 fr) (ol (5 sbse dilue Al eal (ia iy
) btV Jladil 3 Al AN GLIYY (e (8= B C) e e 5 tlaall ) saall ) 50 pifiiss

[206]



oaspsslldy o 3 Lysta

spaalligamlall sglyt

085¢1;

* ACI318-19 Sec 22.5

One-way shear strength

* ACI318-19 Sec 22.5.3.1

Actual and equivalent stress distributions at failure.,

Vn=Vc + Vs

and gl slas¥l culd i) G glia

(22.5.3.2) b cam ol Le (8.3 MPa ) slai¥! (salal il ( Ve, Vei and VEw ) s daxsiioaall (fe 1) dad ) slai Vi cany

Table 22.5.5.1—V. for nonprestressed members

Criteria

F.

[u. 17077 + ;—!l.ﬁ d

Either of:

{a)

[[].mi..[ph N+ :";i‘:|f'1r ol
hA,

()

. N
66k Lip Vi +—— b d
st g

(<)

Moles:

* ACI318-19 Sec9.5.4.5

1. Axial load, N, is positive for compression and negative for tension.
2.V shall not be taken less than zero.

It shall be permitted to reduce the area of longitudinal torsional reinforcement in the flexural compression
zone by an amount equal to M.J/(0.9dfy), where Mu occurs simultaneously with Tu at that section.

o g MU iy Cm MUJ(0.9y) |, c5sbo oy il slin) Hiie (g5 (sl o) 50V il Al (siiits lond) iny
9.6.4. wsthaall is¥) ol e JBl (5% Y A sl bl Aalian o ol cadaiall Al 3 Ty o 8 5)
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* ACI318-19 Sec9.6.1.1

A minimum area of flexural reinforcement, Asmin, shall be provided at every section where tension
reinforcement is required by analysis.

* ACI318-19 Sec 9.6.3.4

If shear reinforcement is required and torsional effects can be neglected Av.minShall 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 f7 = (@)
Nonprestressed e
and prestressed with Greater of:
AJ»’J(J‘{' < 0.4f/4;;;_,ﬂm + ‘IJL] 0 ssh_“ (b)

S

L (b,
o_oe.z\[fﬁ (@)

Greater of:

stressed wi > b,
Prestressed w ith AJ,__\ foe = Lesser of 035> (d
0-4f“1p.\f,rm + “i.\f_\'} s

A, fr [d
- _— (e)
80f.dY\b,

* ACI318-19 Sec9.6.4.1

A minimum area of torsional reinforcement shall be provided in all regions where Tu> ¢Twnin accordance with
22.7.

22.7. 3y lghanm o CuaTu h > Tt Ghliall maan o) 5V paledil dalice Ji 8 65 Cangy o) V) malicll YY) 2al)

* ACI318-19_Sec 9.6.4.2

If torsional reinforcement is required, minimum transverse reinforcement (Av+ 2Ad)min/s shall be the greater
of (a) and (b):

(@) and (b)_c= S (Av + 2At) min/seamll bl (g Y aall ()5S of g sl o) Y1 ol (S 1))

(a) 0.062./ f;%

(b) 03520

v
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* ACI318-19 Sec9.6.4.3

If torsional reinforcement is required, minimum area of longitudinal reinforcement Ac..» shall be the lesser of
(@) and (b):

() and (b)_ = J8 AL min, skl goludl) daludd oY) aall (58 O ag el V) bt ) dalall s 3

| 0.42,/74,, _[ 4, ) £,

(

a | fr < P f,
0.42,/f’4, (01755, f.,

(® - P
" [ 7, Jp’ 7,

* ACI318-19 Sec9.3.3

Reinforcement strain limit in none prestressed beams 9.3.3.1 None prestressed beams with Pu < 0.10fc’'Ag
shall be tension controlled in accordance with Table 21.2.2.

Pu < 0.10fc'Ag

2l 13 ey V3030 Jeal) Alla 8 (el slndY o ghs e Cauil] Slga ) Fivse e 55l 3 bl Ao 05 ga 280 138yl
Aa¥! A s 5 e

e ACI318-19 Sec22.2.2.4.3
(7 IS (0.05) Janad s Jiis (0.85 )J Zsbusa (By) % 331 aa (28 Mpa - 17 Mpa) o () e slia Led () il A
(0.65) o= J85Y o) Je (28 Mpa) = 3b)  Mpa)

Table 22.2.2.4.3—Values of p, for equivalent rect-
angular concrete stress distribution

/', MPa By

17 <fr<28 0.85 (a)
05(f'=2

28 <fr <55 0.85—M (b)

fi'>55 0.65 (c)
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e ACI318-19 Sec9.7.2.3
For nonprestressed and Class C prestressed beams with h exceeding 900 mm, longitudinal skin reinforcement
shall be uniformly distributed on both side faces of the beam for a distance h/2 from the tension face. Spacing
of skin reinforcement shall not exceed s given in 24.3.2, where ccis 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.

e s seaall Cpiilall cpea ) Jola e allaiily adan sk mididi g )58 canid 900MM Grasll ol juall g lii ) dlay Lanie
Sl a3yl il 3 slga ¥l panil CVLEY) G5 Jidat el pal Al 3 A gl clibin 3 kol 138 (ppaad (Sas5 0.5h lissa
LY

Reinforcement in tension, negative bending
Skin reinforcement

Iy 1 1o o ole
s||
no| S
s|
s
h _ 1T h
s
18 {pro
|s
s

\; Skin reinforcement

Reinforcement in tension, positive bending
Fig. R9.7.2.3—Skin reinforcement for beams and joists with
h = 900 mm.
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* ACI318-19 Sec9.7.6.2.2

Maximum spacing of legs of shear reinforcement along the length of the member and across the width of the
member shall be in accordance with Table 9.7.6.2.2.

il il 5 AUl ol el s all) sl apaad ae Lal) Cililise 23y
il Jshall sl e (d/2) 51 600 MM . J8 Legl dalxiall i) bt apaad se ) ddlie Holati ¥ of ay -
0.33,/fby,d: (Vs) stas die Cauaill ) jlaial) Zadd) 5 58l 653 )) o)) adiall aclal) cilils 3 gan (il any -

Table 9.7.6.2.2—Maximum spacing of legs of shear

reinforcement
Maximum s, mm
Nonprestressed beam Prestressed beam
Required Along Across Along Across
Vi length width length width
di2 d 3h/4 3h/2
5:0‘33\/_[?!)“,(,:‘ Lesser
of: 600
d/4 df2 3h/8 3h/4
>0‘33\/f?b“,d Lesser
of: 300

¢ ACI318-19 Sec 22.5.10.5.3
4ull A83all Gve Jlaiadl VU jstad vie CUISH apa b 85 Al i) 38 Gl g g e pals

A d
v, = vgyt

D8 JIsa¥) IS A 5B Y o) g 6 e S pladinl die aludl) das Jady adll 4. gliall 3 8l ad pas o

0.66./f.b,d
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5#\&&&3@)3#\%3&#&\3&
Jebaicad) adafiat) cld odantid) 53 pda gl o
S3LS ACI318-19 Sec 9.3.1.1 wlilkia cava (Deflection)s sl da slial e Al juall dASlas Jif alay) -
bl 4

0y alalad) e 3ABACI-318-19 Sec 9.6.1.2 clilhia cavs | suall it G ol alag) -

_025/fy

£ min 7 When fc' =30 Mpa
y
1.4
P min = —— When fc' > 30 Mpa
fy
YIS ACI-318-19 wlilhie Crua  suall mlidi s ool Slay) -
Iy
, ) 0'003+E_s N 2y = 0.858 fcx< 600 >
S =Pv| " Fhona b =V0ob1 |\ T 7
max 0.008 fy \600 + f,

_085f, 1_\/1 4% M,

3 1707 bE
Pmin < P < Pmax < Lei e alyg
233l el J Ulal) el 5l Al 5 Ll 425 Uil Al (e 8 sl il 3
A = pbd ) s 2ty bl yon dabua dlay)
il aaa Jlesil Clea YA (0 @ (ddl) Jalas dad (e S -
g = de ~ Cecu >0004 , C= % . a= o.gégb

250
0.65 < @ = 0.65 + (g — 0.002) —~ < 0.9

C-M’ \hmdbﬁ)jak\bﬂbty‘)m‘gc_w’ "\AALUAAMHLHAABJLG“(:.\J
(Aedal 5 5laa)) (i o 5) g Uil 50liS oy -

OM,, = 0f A, (d — g)
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AN A YA (e s JiT (e S

bin = 2(concrete cover) + 2 @s + n@r + (n — 1)S < byt

X(max from) {(gg;m? (\

b s o s D Stimup cliometer
| 3 —

= @] )

; =

b Concrete cover

L

Stimup diometer
b~

Concrete cover

e—b— o
@ ©

Sedaiaad) pdadiall culd obail) Aq g3 ja jgud) @
Avaia i) w

Ledie G\L‘d\ G}A}A\ chg_d\ Lol Jii

p 2 pmax
Ardll g Uadl) dalise (e pealell daad A bl 5 3l 2l

0.25/fc _ 14
L =N 5 o7
fy
0.003+7%
E fe (600
Pmax = pb( 0.008 s) Pp = 0'85ﬁ1ﬁ(600+fy)

_ Pmaxf; y)

Ry max = pmaxfy (1 17fe
B = 0.9 ol o=l il adaiall daglie sl Ayl -

My = DMy max = @anaxbdz
Q)Mnmax > Mu
Al Fluls die e oglladl) o 3all D) -
My, = My, — Myy
JEA| LI PGS B VPR PN
Ag = A1 + As , Asl =pmax bd
28] aaa Jladl) Gl JYA (30 @) el Jalas dad (pe S -
di—C a Asfy
= > 0. = — = —_—
& &q = 0004 , C 5 , a 08575

0.65 < @ = 0.65 + (g — 0.002) 2> < 0.9
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ASZ @Lﬂﬂ\ Aaliw Aay -

My, = ®fyA52 (d- d)

Ag baall Adhia oot molidl) pos dabie Ayl -

c-d
fi=600() < £y
f

As = Ag _y

N

23 apaat deodiall daliall slati ol Ll paall ley 7 ganse alise bl o SW -
A S(pmaxbd-"As‘fc_é
y

(s U S0 LS paiall mje J81 e ST -

@r =D

bpin = 2(concrete cover) + 2 @s +ndr+ (n—1)S < b,y , X(maxfrom) { S mm
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Jla il w
(p—=pP)ppid -

_ As

" bd

_ A

~ bd

Goans LaS Alladl) ¢ Ul dalina (o pealosill apand Ay ol 5 B alay) -
K Jaleal) 4o alay -

_ fed( 600
K = 0.856; 5, d (600—fy)

Loal e Sl
L al) 385 ¢l pald bariall slid s S5 -

(f‘é:fy)bkik‘)ﬂ\éﬁj@mn%ht}hm -
Loal e oSl

pSpmax+p or p_p < Pmax
(28] aaa Jlaesl) Gl JMA (30 @) eaddil) Jalae dad (pe SN -

dt—C _ i _ Asfy
— Ecu >0.004 , C-= B , a= 085/cb

€t=

0.65 < @ = 0.65 + (g, — 0.002) =2 < 0.9

gladll 3ciS Alay) -

OM,, = 0f, (4; — A9) (d = 3) + PAef, (d — )

(s < fy) gl som g oo e s -
A daa i) Aslaall e (€) 3

A1C2 +A2C +A3 = 0
A, = 0.85f.B,b

Ay = A¢(600 — 0.85f,) — Asf,
A; = —6004.d

fs =600 (<9 < f,

Loall el p

fs
Ag < (pmax bd + AS'E
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@ el e Sl ¢

Ll > 0.004

C
0.65 < @ = 0.65 + (& — 0.002) 2> < 0.

& =

adadang d

Asfy_Aéfé
a= —— or =
0.85f b a=_Cp

gladll el 2a 3 @

OM,, = O(Asfy — Asfe) (d —5) + DAf(d — d)
Bl U S3 L plaball (2 pe Jil e Sl f
bin = 2(concrete cover) + 2 @s + n@dr + (n — 1)S < byt
@r =D , X(max from) {(?5;75
(T) dipa JSdadaiall ld jyadl o
aa il

Aladll g Uil daline (e raboill dpond dsd ol g JB) aa 3 -

AL e daiad Jladll gl a5 -

s/ i s 210 Effective Mlange width

b,(min from)

Effective flange width of T-beams.
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OMyp) = P0.85f bt (d — ) > M,

G =0.9 Juiclgladl o lhadll malidll paa dpniaa 63 -
_085fc (. f My,
p B fy (1 1 1-7®fc‘bed2)

@ Ll o gl o) Canmy -
A A
,DminSP=be—stT pzbw_sd<pmax

28] aaa Jlesl) Gl JMA (30 @) oaddil) Jalae dad (pe S0 -

dt—C a Asfy
g =2, >0004 , c=2 | g=-h
t c “cu= B1 0.85f b
250

0.65 < @ = 0.65 + (g, — 0.002) 2> < 0.9

(liatl 5 lall Jiai o 5) g Uil 3li€ 3 5 -

oM, = 0f,4; (d - 5)

Loyl gindy o o) (T)in JS3 e oo adl el adaiall ppaai cony -

@ =0.9 Jiel glaall o glhall mdudll apa i aa 8 -

As = As(py + Asw)
(be_bw)

As(w) = pwbyd

_085fc [ A (My =@My 5))
p= fy <1 \/1 1.70f ¢ by, d2

28] aaa Jladl) Gl JYA (30 @) el Jalas dad (pe oS -

dt—C a Asfy
& - Ecu = 0.00 , C B , a 085/ .5
250

0.65 <@ =0.65+ (& — O.OOZ)T <09
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G LS Uil e (e Sl pludil) ypas dalis e Sl -

Ag <

O'stfd ((be — by,)t + 0.375B, by, d)
y

bin = 2(concrete cover) + 2 @s + n@r + (n — 1)S < byt

X(max from) {Q;érfm?

-

b llasaia i =
LIS (p Adlise (oaal) a2 g (all) aranal] #UST Y Lo die -

Vy< 0V,

AUl Gl ghdll 4 GVC Aad AaaY s -
:glg WSAV & AvMin af sy AUl Y aladdl sas) pladin) o

Table 22.5.5.1—V, for nonprestressed members

Criteria |

. N
[D.l?l.lijﬁ —
e

}bh_d (a)

A,z A in Either of:

N
0.660(p ) +—— |h d
{ 6(p,) T+ AJ ()

N
0.661 A(p. )" f” v b d
AI' { '4|,rmr.' [ } ] 5 {-pll'.j Ji‘( + []A } }'H' [C}

g

Notes:
1. Axial load, N, is positive for compression and negative for tension.
2. V. shall not be taken less than zero.,

anl) bl dalise = Ay Cua
o) mluall daliw 8 = Avmin
i graall GLIYT (e gl g Ukll Gae (il 8 5a0aal) 3 ghal) #Ll) dalise & sane = pW

Aymin = 0.062 X fC(M> > 0.35 (%) »>»»  (ACI 318 — 19 Sec9.6.3.4)

fyt yt

A = /; <1 »»»>» (ACI318— 19 Sec22.5.5.1.3)
14+0.004d
V. <0420/F'b,d »>»»>»  (ACI318 — 19 Sec22.5.5.1.1)

6A“ <0.05f. >»»>»>»  (ACI318 —19Sec22.5.5.1.2)
g
Al & gladll it ) arenall Zlisd Ladie -
Apfyd
==t »»»»  (ACI318 - 19 Sec22.5.8.5.3)
v, = % »>»»>»  (ACI 318 — 19 Sec22.5.8.1)
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g il sbad i alle Lo 3t e Sl

V, < 0.664/f. b, d »>»>»>»  (ACI318 — 19 Sec22.5.1.2)
U o ddlie all aa g -

Table 9.7.6.2.2—Maximum spacing of legs of shear

reinforcement d .
- < 600mm if V; <0.33,/f-b,d
Maximum s, mm S —J2
max d
Nonprestressed beam Prestressed beam 4 < 300mm
Required Along Across Along Across
Vi length width length width
Lesser|  d2 d 3h/4 3hi2 (ACI 318-19 dlalad) B34 (s a5
=033 [hd o
8 Jj_: " of: 600 A'Ufyt
0.35by, :
" d/4 ‘ d/2 | 3h/8 ‘ 3h/4 S < 0 & Sec9.6.3.4
>03377b,d Lesser max Apfyr O CF )
of: 300 —_—
0.062/f by

Jidllawgpaldllasaasd =
Lﬂ\dmmMM\e.u -

2
T, > 0.08301,/f. (ACP ) »>»>»>»  (ACI318 — 19 Sec22.7.4.1(a))

Pcp
ACP = t\.kﬂ\ aalia s
PCP = &\Lﬂ‘l:;\;.«

Lol (333 gl 48K ()5S g o Ul dlaal 44US (0 Sl 2y -

\/(V—“)2 + (M)2 <0(Z2+066/f;)  »»»» (ACI318 - 19Sec22.7.7.1(a))

byd 1.7A0p> byyd
Adh: chJM\LSMJJMEJM\:\AM‘ s
Py = s JA) S ) ¢ skl Lams

Closed stirrup~\ —Opening
j Cled

@Openmg

A, = dark shaded area

R ———————
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Jidl) e glial Ay gllal) ISy Ablsall 1) Aalisall dpsi M) -

At _ Ty b_W B
S S haers 2017575 »»»»  (ACI318 - 19 Sec22.7.4.1(a))

il e glial 2 sl S (s Adlsal) ) Aalisall Gaasi 255 mil] el il 1

Lo - OV »>»>»>»  (ACI318 — 19 Sec22.5.8.5.3)
S Ofyd
A
5= : A
2t v
25+
Py
Smax(min from) 8 S>> (ACI 318 — 19 Sec9.7.6.3.3)
300 mm
pxiiuall SUYl g g el idl g el cildal sl e 8wl sy -
Rerdiudl) S e Aalna pe oS -
(0.062 fC f
4, > b, S ‘ PSP (ACI 318 — 19 Sec9.6.4.2)
0.35 2=
fye
S5 ol e sl ardiad) okl aaall daliue an s -
_ fyt 2 0-42\/ fc‘ACP fyt
A——& cot? 6 > P,
s, e ST,
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Al Atsc A alal) JJ&A.J‘HMJU_LG Jia
F, =30MPa F, =420MPa B =300mm H =600mm [, =7300mm M, =335.5KN.m

&
3 9.
? 2
. Nl
(o)) y
o
ol
o)) o o))
= o <
0 0
3 = 3
- O .
@ o
h o
=
o
0 "4
n
o
= 0 L0 =
M~ N I~
) <+
o, & o .
™ Ty}
[ 0
[Lp] b
o @ 't .
= £ %
|7 -—
B =
N. No
D min = 0.25,/fc _ 0.25+/30 _ 0.0033 When fc' > 30 Mpa
fy 420
1.4 ,
Pmin = 7 When fc' > 30 Mpa
y
1S ACI-318-19 clbilhiia cansn ) guadll oo dpus jucl alag) =
0003 + 7 0.003 + 700000
= ——31=10.02015 = 0.01285 &
Psmax Pp 0.008 * 0.008

0.85p, 1 (890 0.85 (0 g5 _ S0~ 28) 30 600 0.02015
= U —\|=—=1]=0. .85 — * * =0.
Pe A £, \600 + f, 7 420 600 + 420
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ALY (e Aaiad Jlal) (2 pl) 258w

2.10.2 Effective flange width

Magnitude of compressive stress in flange

- boowm - Do

e 4hy—py fe—4hr—

(a) L 1—1 ()

(b) Flexural compressive stress distribution assumed in design

Fig. 2.18 Effective width of T-beam

(b) o — (d)
WnL/I
R~
b, &
Effective flange width of T-beams.
Span 7700
. e T+ 300 = 2225mm
b,(min from)

16t + b,, = 16 * 200 + 300 = 3500mm
CLl - CLZ = 6000mm

Lodie Jalaiuse aaie 43} e by aaall ppanald cany
— t
OMy sy = 00.85fcb,t (d - 5) > My, @Mypy = 0.9 % 0.85 x 30 * 2225 * 200(542 — 100) = 4514kN.m

QMn(f) > Mu ok
0= 0.9 ol lhall s llad) 2ol o syim s s

_ 0-85fc‘< 4My, ) 0.85+30 4+335.5+106
=381 [1- - |z 5+10 B
p fy 1.7¢f ~bd? 420 <1 \/1 1.7%0.9x30%2225%5422 | — 0.00137

Pmin <P < Pmax = &S gy

533l el JE5 Llall Sl 3 sha Al g Lol a2 Ll anil (p J8) il Al 3
As; = pbd = 0.00137 * 2225 * 542 = 1652.15mm?2 Sl ase aani g pludll s dalie alay)

Ag = 1963.5mm (4025)

Prmin O 0o gl bl (o 581 p (e 4nlll prbul) 4seS 5 on sa o all GY @l 5 labian gl 3 padii
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8 aas Jledil Glua YA e @) il Jalas dad (e XU

4.39

oasgsslldy 3 3 Lesta
d, - C 537.5 — 1
=T fwT T 1439
a 12.23
, C= E=W=14.39mm ,
g = _Asfy _ 1652154420 _ o on

0.85fob  0.85%x30%2225

250

0.65 < @ = 0.65 + (g — 0.002) 2% = 0.65 + (0.1 — 0.002) » Z° = 9.65 < 0.9
.G\Lﬁj\ daliwe sy g odle) .L:_).CZJL} L ylaa g C_}Lﬁ“ dalise A Gillies 32l o

14.39

OM, = 0f,A; (d —2) = 0.9 + 420 = 1809.56 (537.5 — ==

* 0.003 = 0.11 = 0.004

) = 362.74kN.m

((Aabilasl) 3 gladll Jiad oa 5) g Uadll 5oL ala)

A0 A A (e s JBT (e o<

bin = 2(concrete cover) +20s +n@dr+ (n—1)S =80+ 20+ 4+ 25+ 3 % 33.33

bmin == 300 < bact

@r =D

X(max from) { 25 mm
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pad oy aial =

@
. o~ ~
P4 e < o
. O
" Ny JT it b @
1
S S
. (=] o
: 8 4 8 2
~, g %
|‘r — I~ I II:ID ‘[II ~
Ly B T
o™ -—
o & o
© = ) I
2 - 4 Q, k0
ey ~1 ] o= T_l_|
— TT |q\|11 T o te

V, = 272.48KN
Vo< 0V

A 2 sl 5 BV C i S 5
& LSAY & Avmin (°~'~‘§ e IGN Y aleall (saa) e\q's_’w\ A

Table 22.5.5.1—V, for nonprestressed members

Criteria V.
{;r.l:f:k,j?+L b.d (a)
“ f}Ag o
A,z A . | Eitherof:
N
0.660p V" +—= |b d
{ Ae) ‘Jf_c-'-f}Agil ) ©
N
) 0.660 Ap ) +—=|b d
Ar{ "Il.:rr:lm [ ¥ 5 {pu} \/f_c+ I.r_'!-‘!gj|}w EC}
Motes:

1. Axial load, V. is positive for compression and negative for tension.
2. ¥, shall not be taken less than zero.

oo el Aalies = Ay G
) zaluiill dalise J8T = Avmin
A groaall GLIYT (e gl g Uil GGae (4l 8 300mal) 340 shall 2Lt dalise & sene = pW
Apmin = 0.062 X /1. (%) = 0.062 % V30 * 22 = 65.18 < 0.35 (?) =67.18mm2  »>>>»
yt yt

(ACI 318 — 19 Sec9.6.3.4)
A, = 157.08mm2 > Aypmin

Ve=0.17 ¥0.797 * V30 * 300 * 537.5 = 119.665kN

R ———————
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1
V.=0.66+0.797 + 0.00333 * V30 * 300 + 537.5 = 69.167KN

A= |=2—<1=0797 »»»» (ACI318 - 19 Sec22.5.5.1.3)
1+0.004d

V. < 0424y f.'by,d = 0.42 x 0.797 * 300 * 537.5 = 53.98KN  >>>
> (ACI 318 — 19 Sec22.5.5.1.1)

SL < 0.05f; »»»>»  (ACI318 — 19 Sec22.5.5.1.2)
g

USE V, = 53.98KN <V,

_ Apfyd _ 157.08%420+537.5
T Vv 309.33%x1000

S = 110mm S>> (ACI 318 — 19 Sec22.5.8.5.3)

_ Vy—0V, _ 272.48-0.75%53.98

s 075 = 309.33KN »>>»>>  (ACI318 — 19 Sec22.5.8.1)

Vs

gl sl s alle o ) (385 (e S

V. < 0.66,/f,byyd = 0.66 V30 300 % 537.5 = 582.914KN 0K

Table 9.7.6.2.2—Maximum spacing of legs of shear LNy Adlse (ol 22 5

reinforcement

Maximum s, mm
Nonprestressed beam Prestressed beam
Required Along Across Along Across
V. length width length width
- d/2 d 3h/4 3h/2
<033, (b.d ch’b’e,r
of: 600
. d/4 ‘ di2 ‘ 3A/8 ‘ 3hi4
>03377b,d Lesser
of: 300

N

< 600mm if V; > 0.33,/f;-b,,d = 291.46KN
Smax = d = 135mm
" < 300mm
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ol i (ACI 318-19 Sec9.6.3.4). .. Alslaall DA (a Lia 4

( Aofye 157 # 420
- = 628
0.35b,, _ 0.35 * 300 mm
Smax =\ Af,e 157420

= 647mm

0.062/f-b,, 0.062 % /30 * 300

USE S0y = 135mm and s = 110mm

[
@10@110mmf0r(d)and¢10@135mmfor(§ —d)
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a8 agu ) a5 581 ym jme 3 gae da g Y gl G S0 p A )l At Lial) (g gl Jaatl st 5 JSGy il oy g (ol

058 L Ll a8 sall 8 4 guaall cliidl 8 5 (gravity-force-resisting system) dsilall (s 8 4 slia aldai (e o 3o Laila 52 3 sanll
LoV s dOV3I o e s SV dila) o i) (Lateral force-resisting systems "LFRS") dusilall 5 sill o glia ol ¢y 12 3o
Chapter 10 in ACI 318M- _ilall Juaill & S ¥ 2SN & Lgtlllaia gadati | 3003050 (5 58l) e gliad dnanaall Jlaall duilly
Ordinary, 4« ) dadaiy) aal e s 5 & 3 5242 Y1 Chapter 18 ACI 318M-14 e (el Juaill g cain I Lin 14
gl LFRS and 8 5353 ge Canl 320030 41 315 cilillaie Ll lllia 5 intermediate, or special moment frame system
i) apanatl) JOA el siall 5l clal Y1 Ceind increase column ductility 2 seell 435l aaby 3 ) A0 3150 el

JoYol

-

(column classification) 8:—s¥) i

:8\333 sas A Baas Y Ciiuad
(o md) gladll) JSall bl e saacY) Capat o
(i) Al A8l A ) gl W) (bl e saee Yl Capual o
bl e g i el e saae Yl Cagas o
.( Based on Frame Bracing) JY! mexi (uud e saec ) Casiat o
aaaill g g bl e 3aae V) Cayuai o
Sae Yl g cudfii due ¢ el e saae Yl Caiat o

(cross section (a2l &Lb&l\) Js&d) Gt e Saas ¥ Cigiual

)55 oda b 53 2ty chanaall Al2ATUYT 8 ARl o g ¢ Sl i le JS5) axaius; square/rectangular diice o/ g s 4 pa
Sl of G e 4 all JS& 1S 13) Jadé 3002 Y) (g

DY) i Lgaed s ) sl ae Jand) A sgd J5Y) il 8 138 3 y3lall 3aae W) (g dny pe ol Alkaivsa Baae | Caa g ol LS Jgs (00
i) b 285 (8] 5 Juzadl Alikaisall 5 day pall 32ac Y1) call 8l 8 Al ) J) 35 Y Laiy Jarall oy

Clgal sl (& Lpaaiia 13lal | bl Cilgal g5 Gl sall 8 Rl 8 aadius s dlauad daaas saecl Ll circle gl 4pe
cllaa) LIS g salall (il sl Cuinl 3aae V1 (e & sl 138 andins «clal jall

3ec {4 ol 3aae V) alasiind ¢Sy AS jn iy ja gy daadl W jetdae o VWYY Ghiie of Cile @l i Gullaall 8 Uiyl sy 55 25
A3 s 8 s LlSE ) ) S ) zliad Y Cua (5 LS5 ) sl
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ladiad J8 saee )

Jabaiasall 2 gandl ) jpe (a4 138 5 @lld ) Lo suand) by 5 aanaill cilidlaie e 13laie] 32ae Y1 (o g i) 138 addig: T dgee
2l sl

ST Al L) e JSE 8 48 jal) JSE (IS 1) ale (S axdion 5 V S (8 3 send) 2855 4y ca81d 2 an) (el V Jgaed]
A 520 YU L Hlia die 5 jleall s Al A1 (e

Al leal gl (8 ale JSG a5 B Ay py el ) 585 il s A L ale dﬁgﬁmzmigﬁu\mmm“i\ il d gas
Al ) s el ¥l s el A gidal) il ) ale (S Lalasiind

}i@fa}u: tjsgugliim)éaﬁjex.M\;Qeﬂ.&c\éﬁ,wﬁd&i%ﬂojsﬁumsm‘ﬁ!\w&)ﬂ\ 138 a2ty o gdo Jga0
el 85 S A s 4l 5 LY aadiui La ol 500 sl Julaiene

D N L A slall (g LSy ) suall Ly 8 ale IS 30ae ) e gl 531 028 addius Y dpae

BoaS daads i e JSE L 058 Cun 3y 5lall

Square- Section Rectangular- Section Circular- Section
L- Section T- Section + -Section

daslad) BaesYl J8aT jan

(Jdd) dagsla S d8lall) dad gldi ) il AL Baas Y Cigiual
(short column) sualll 3 gasl) =

waill 3 gandl 8 A8lal) A Jaad ) G008 13 gae 3 gerd) 130 () saud (B ol i yall dndaial JBY) daidl Clmia V0 3 ganll gl ) (IS 13
sl o ol sall Hhd Cauai s 3 genll Jledll ¢ L )Y G Al & A8l A VY )

(long column) Jaghall 3gaall =

Jashall 3 gaall A8lail) s i sk 3 sae 43l o 3 gand) Cavial plid ¢ ouia jal) adaial) sl 8 (5a 3 30 10 (e SIST 3 gaal) g L)) IS 13)
Y Ga S

G bl naall Aol gV aal) die 5 pdlae Qi yralll 3 sanll AL shall 3aec V) (i hani e e il 5 gand) Jib Jaas Cilia,
phaii g 3 sanll 3ale Jad @Al A aleaty of (S
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wagysslidg AN Ly Rmas S s glull aglyll
2 gand) L8 aie iy Al lanV) sl ol SV daiis oLV alea) ity Jaadl Gk die o shall 3 ganll sy

Buckling
failure

Gadasid) £ 93 Gulal Ao Baas Y Cigdual

(Tied columns) 43 ghall 328y) =

. (Ties) Glshl s oty el (e Lemalidi () 585 (5 i1 sl Jadainan ) s o Leadaia (6% N a5
(Spiral Reinforced columns) bl 4 g 3lal) 5aacyl =

sl il Jassy (5 s IS e im e i o) il (e gl ] (55 ) 8
(composite columns) &S sall saect)

Ladd Jsh bt dyas Lgna 2 5 385 Ao A e il ol L) adalie Lo Jertiadi

~\ [ Ties Ties
Ties 4 2]
A Structural steel
Ties
- /Ties Ties —
. ( | A | Structural steel
Tied Column Spiral Column Composite Column

dalie iy Lea 5 Spiral (2lad) (oim all maludll (53 3 ganll Jeat (10 %85 Lu i (s sbnTied (salie V) Il )l (53 3 saal) Jaasi )
GAY saae V) 8 Jall sa LS Lilad sy Y (55 Sla) il 3aae W (8 Sl () LS a5l el 5 adaiall
At )l bl Fland ) Wl Jshall lucl) 3 sanll (3 U sha Leasi 55y 40V 68 Ol (g (I shall pealusil) s a5
b LS (o A I leall laca ial e
AR LE ST Al slac 5 3 panll S ana) Jali Uil g ¢ Dl Al g e lial) JlaaW) ae Jalaill G acly @
sl sl ) Gl adV) s skt ) 2l Cilalga) 5 o graa Jaad e el LS o
A shiae 5 435 3 ganll i Aliae Bale paall / 3V il
Al sk s il guladl) adaiiall e patesal) Jaenill Can con 31 580 (LS (e Wad Jlay @
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Lot Al o1 A3y yhay 5l daul 55 (8 2 seall ailall slai¥) Jsh e e sbad) ol UISI anly Wil Cag ymall ¢ puim jall alacil) i i o
toh S (A oyl bl () jel |l bl /3 sl

Al Al o o g e 3l gl (lacadll e Jails,y

A shall el (el el ¢ s ey

23580 o (o all Jaall s (pm ol il 0 il (gLl A2 3,

2 sandl dpma 5 gl any 3 LS

Aol Al Fal ) gl Sl (e 3 ganll e U5 0 gaal) ean e seluy

( Based on Frame Bracing) Jt{a¥! 4388 Gl Ao 33asY) Cigdual

(Braced Columns) 3x8a 3aeci o
Jyanl) (Kar Aaleall JOA (e JSS ISl ol )81 3 58 o il sad) Jilie e e ol (e L) (e 16 Bae Y () oS5 8
sl ol a3 gl Ayl da) 3V aia oy e lall il jUY) 8 ) jU) b claleal) i el Gl jas aladiuly daleall e
2ol Jleal s el Jlaa¥) (el Gl jas aiad s dpdladl Jlaal 31 sial) saac Y1 aiad 2 saxll 4l

(Unbraced Columns) 48a € 35e o
S sand) Jpan Faas J85 @l Ay ilad) Jead) 5 ddlad) Jes (e S 81 siall e Baae Y1 5l

Large - &
p - \
|
|
J/.
Braced Frame Unbraced Frame

Lgdalgd il due od (bl L Baas ¥ Cisiual
Okl SIS v fixed difiall 4leid) 53 3 gandl & S 3 el Gl Al g o i e a3 saad) alaay () Sy ) Jaall laia daing
AL Adlise Jaall Jas e 3,08 o St free, 1oa okl SIS ae oSy 8aladl g J ghall g anall (udh e (g3 5 SG a}ad\?i%;}ﬂ

O gandl
A Ty L Lo 3 peal) Bl o 55 3 il ol gl ks 2 el Al g 8 20 pma 3y 3 el Jladl) Jshall o o
:Ajaaj\

hinged gkl 28 -

fixed géLkll -

hinged._a¥s fixed sl sk -
free LAY fixed =l ayb -
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AV gl Cag ylal Jladll Jlall e siall (S 3 ganll s (s sbo ALl o3 3 Jlal) Jghal) | ) 3 anll kg Ja 5 1
oLl JSA 8 e 52 LS hinged. 2 seal ik NS ¢ 5% dllall o3 i Allall o3a LY g sa b

| = Jladll (Al &mJY\
L= &aﬂ\ t\éﬁ_)‘}(\

fixed ¢pdobli NS =

o Al o2 Jladll Jghall yiing s Jaall a8V aal) (4 Hhall e fixed Culdl) 3 sendl Jany 2 a0 4les Alla/da b 5 81 o o2
;Uﬂd&'ﬂ\%jw}zus,zsjl&d\Ayud\d}Lu'ausj\@a}ﬂlﬁpd@bﬁq\q):.g\aﬂ\a}u_\\d)i:gju;j

I=L/2

| = Jladll A< gl )
L= L_,l:u'ﬂ\ gLyl
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hinged AYs fixed alg ik =
rek LS s Al o) (ASA Jshall | AN okl (e (5 581 3 sl ka0 o) Al o2 b

A
i
R

I=L/\2

frees Al fixed saslydilgs =
(S )l AU Chem AT a3 e 8 2 sanll AELA (5 HAY) YA gaen (3o A an yia] (anly 3 sanll Jums 138 Al L5

tok LS a ATl aal g oyl

Juaadll g gd il P Saas ¥ Cigiual
et 5 Jeall 4 aday 53 a8 sall o Bl adiad 3aee V) Jraad Talail (40 ole 53 i
. Axially loaded columns JS s (5 550 Jany Jasall 3 ganll ®

.Eccentrically loaded columns a5 ) gaal 38 jaie e Josy Jesall 2geall  ®
.Biaxially loaded columns o saall 38 jaie jue Jasy Jasall 2gaall

(Axially loaded columns) JSaia 5o Jaas Jaaall 3ganll =

& danall 3 garl) anly Wl 138 Cojad 3 garll i jall adailall Ciuaiia 8 Jeal) g damy 3 332 Y) (8 1) gae Alasall Baac Y
JSal) 8 e o LS (58 pe e deny Janall 3 seall (ga ST (055 zlas¥) ol o) 50V aa Jesall (55 saall 3 sanll A slia | S 5l
‘btl.li
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adigh e gl (5S Baee Y (e g sl 1 5 Ak Alls s sl dal ) aa g YV Al gl aseal) S e 8 A e 58 Sllia Gl e
OP, = 0(0.85 f.'(Ay — Ase) + Ase ;)
Al e llalliale =Ag & aall aalie =Agt & Lasaaill 4 slidll = P,
A Hlall 3223 (0.7) ¢4 shaall 3202 3 (0.65) (I L sbose 33 53 (53 5 e sliall add Julaw =)
s (il g itV Alls pe J8) A glaal) iasd Jalra (oS v ()
L}LAAGL:L}L&A\L@_pahﬁ‘sﬂ\atﬁd\u);;fc'fuuﬁ\klam\ia}mulsa)gﬁs)}.maf\ﬁqy\d\z\.a)mu‘\ =)
Al Al Al o SIS Jumil giaall 3 4alii) e 3 bl 3585 6 (steel failure) sl
3 gee cuall i 58 3 Y Al A A (segregation) J) =) J pas Jlaial -Y
B2kl Agial) L8 (a5 sk ST ()65 i) (5 shall 8 Aala g saee ) Qb il Y
asomll liade dsagare Jdaill jedal o) ind e V) Gaes e jadl ils 2aY Glld 1 ) saae dlesall saee V) A glial Hal s cllia
RAP-OR NS TS [REWENPRR PN g PN [P PORVT:S. S I | G DPRCS- ¥ BN DS Y RURTYRI § SOVS ] I S VRRVEVG g | D PEQURTWRR
32023 (P, jpay) daraail) Lasliall (i caaldil) 45 5l 5303 (0.85) 5 48 shaal) 32023 (0.8) Jhally (o juiadl G Lguiaias
) A gl S5 L) e Alandll

for tie columns  @P, = 0.80(0.85 f.'(Ag — Agt) + Ag fy)

for spiral columns  @P, = 0.85@(0.85 f.'(Ag — Ag) + Agt fy)

Eccentrically loaded columns aalg sgaal S sl p€ Jany Jasall agenl) =
(55500 e Jams Jaadl) 2 gardl anls G yad 3 gaal) 138 (3 0 ganl] i yall adaiall (S all) (sl il e asns Jaall S 13)
o Legd Aaaall 3aae ) (e e gl IS IS 58 e (S Jaaall :JA,J\QA);S,'&TCL@Y\MDJSJACJBJM\ 3 ganll A 5lda
8 Al ) sae Jesall 3 gandl liic) s ol 5 i yall adaial)
sl Bas A iy

(Axial compression with small eccentricity) 3 e 4a3) ga 4y 9o 5 sl L pal) BracYl -
o A sane dal 3V o2 o Adaelia (5 581 G yre (05Sy S adaiiall () Cun 4y ) saa (5 8 (a yma 4l e 3 sanll aaiay Alall o2a b
Cua il Jalae JS3 e epin=(15+0.03h) Liall 438 a3 5l JAa) ae (5 5n daal (i jma e 41 o Jalay 5 2 gasll

l A g 3lall Baae 3 g=( 0.85) 48 shall 5203 4=(0.8) s sl
S 21 |Py = 085, (A,-A) +f,Ay]
> —-¢--—» VAN N
T Al |1 Where:
' b—h—H Py = maximum nominal strength for concentrically loaded
P, _L IP° short column
hod | _PC. L f'e = concrete strength
T ; A, = gross area of section =b h
" / A= total area of longitudinal reinforcement = A, + A,
d €ain UJLUJ.LU;LUJJJ.UJJ f, = steelyield strength
__“__L o —9- 1 {‘i‘ 4 (;2=flA1 ! c31= f,A NO‘tEZ o ' -
\ ]_. i This equation is also in agreement with the

C,=0.857 (A,-Ay)

rectangular stress block assumptions where the
| y b > | entire cross section is subject to a failure compressive
Case 2 P_=0.8 P. strain of 0.003.
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OP, = ap(0.85 f.'(A; — As) + Agt fy
ssaal) gaa) e da) ) ae Ay 0aa o Bl A ) Baas ) -
1 HUS(e) A S B e Sllb adiay 5 JA (e g ) 53l A3 Ciamy Allall oda g AY) saall U p e dnssa
(Bladai¥) Jddg — 55l Skl 5 — 22 S35 )

B, (8.11) Je&
. 325U Jatal isde
F,(e=0)
Lyl (L
Jdeall Compression Failure
15 1saall

e<ep

colsaadl L

+——— RBalanced Failure

e=e¢p
%A I At
Tension Failure
e> ep
MW= My(e=w<)  Mp

(Balance condition) ¢l siall J&dl)

O g3l I (S 3 LS (0.003) o) Jadi¥) (1 b 2 L ot 3l Al ki () () 220 da3s a0 Cazay (53
o LS A5 3lal) 3aee 3 (0.7) ¢4 shaall 3202 3 (0.65) (asiadll Jelae 335 Alall 028 85 Clalgall s VL) ay 58 Cillaladie
el

Compression
control

e’ | Cp - —0'003 Balanced
s d"—.t——i e=e, d f/Es +0.003 ension
N.A ; i Plastic centroid control
T T o |ses o 89 “
o [SA LI AL PP %7 T 600
_l_ ° i ° Force equilibrium requires :
P o
B'< I‘.'fE- . _.l P e C e C - T
: Where :
y C. = 0.85f'ab = 0.85f. f,c,b
‘ Isﬂ, 0003 € pp
- T=Af,
Actual stress distribution 2king moments about the plastic centroid
[ & (i ; | P,e, = C.(d-a/2-d”) + C (d-d"-d”) + Td”
T=At, ol lc. Pn=P, Both equations may be solved to obtain

| a=Bycy | P,and e,
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YAl e () 0 Jhdl Ay 35S 53Ul i s (M) oY) OV 000 5 (P ) 00 siall (ean¥) (5 ganall Jasd) Glss oy Cua
ikl
Py =Cc+Cs—T=085f ab+A/(f;’—085f")—As f,
a h h
M,p =Cc*(h—z)+C5*(§—d>—T<d—E)
Pnb

ep = —
Mnb

(Tension control) 34l Jaé

Jomas Ji g smdll ) bl das g s 5% Jdl) 13 il s (o)) sl adls (e 58 a3all 0sSi 6T) @ > e (0sS Ladie Caaay
a8 Jaii¥) ) Al Al Juai ) I (C) Jsaill sma dmy 8 ooy s 3 sanll L (i Joany o3 s ) Jlaii¥) ) s ja
Pup > Py 0V )€ 0o B C 4ad o sSidlladl oda 85 ) Jié Nivie L) e g adigTi

Compression
control

e1
L g , e I

Plastic centroia 'N.A

Balanced

Tension
control

T— L ! o
bl _E._I._P_';._- e M.
L . i Ale Force equilibrium :
i :dg P,=C,+C,-T
| :
E Where :
are 5 C. = 0.85f’ab = 0.85f’ f;cb
Ny C, = At
; - T = A,f,
; P = Icaﬁ 0.003 y
| "l R Taking moments about the plastic centroid
| : [ 0 P,e = C[(d-a/2-d”) + C(d-d’-d”) + Td”
TE Asz cc cs
Lal

(0.7) (305 38 shadl) 526230 (0.9) Y (0.65) e M IS 3 LS Lol () Do sliall (it Jalas ol 3y Q341 (a5l 12 A
A5l 520230 (0.9) )

¢ H=0.75 + (&,- 0.002)(50) —\
0.90 \
=
-
—
— —
Spiral -
075 jJ-—————— S~ @ =0.65 + (&,- 0.002)(250/3) _L
0.65
Other
Compression Transition Tension
controlled controlled
&,=0.002 &, = 0.005
£ = £ =
= 0.600 7 0.375
Interpolation on d, Spiral ¢=0.75+0.15 oad, ~

1
]

wla wlw

1
Other ¢ = 0.65 + 0.25 I:c,d -
2

250

@ = 0.65 + (et — 0.002) * (T) for ties.

250
@ = 0.75 + (et — 0.002) * ( 3 ) for spiral
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(Compression control) ki Jié

g sadll dlgal ) adll yoa Jpas Jd € = (0.003) oY) Jait¥) Al il Jsuay ie Jdll Gy o < gy O s
(Pnb<Pn)U\L§\ , C >Cb u‘}s.-jzuu\c&‘jj}:uu)ﬂ\ - w*gjr_m‘:‘j

!

A ;
—dT— o—-—l-—-u Aj
pﬂq.__l_
e < g,
hod _P-_C-___T___,_
drr
P
—4—0-]—0*44—-—-
Y

[4——~—b———>’

Case 3: Compression controls, P, > P,

(Pure flexure) 4alli agjadl cld saacl) -
S 0sSis pn = 0 oS ledic @lld gy (o i€ ooy ) (g, Jah elinl g al (i yre 3 sanll adaile () 5 Allall 020
L s A AR ah@d.«\.a_;e = o0

_‘—b—u_’.

Case 6: Pure moment, P, =0
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(Biaxial Loading) cuusaa 8 4338 5a¥ 568 il caadl Jaad dud jpal) 32ey) -
36 5Ty DS 8 LS a8 2038 503 A (3 small 0 sl (oo 8 Y s 3 panl) e e Zicaa 5 580 (550 L
A dllia oY (Q)dSall LS 8 isie el Q88 mhas 585 Guogaall dsa pe e Alls i) (My (M) oY) b
a5 (Mny) e b ad e 35 (Y) Lssall s a2l s (Mnax) el 4l Do 5 X osaall dsaaall 5 ¢ (Pu) 2 Dl pxie
{(Biaxial Loading) & si (s 83 Y manail aaaiest Sl Alaliial) Hles y Jas 483 5k alasind

——————— eX P n— Mn‘
P interaction R
+

(Bresler Reciprocal Load Method) 43abuial) by j Jaan iy p- o
1 1 1 1

—_— = +
oP,  Bh Q’Pny @Pno

B

e

Ol 5l s 3 seall Jaais )8 4 g P,

ey = 0 () o s sl o5l Al oty sanll Jenis )8 o 1P,
ey =0 S (ey) o 3 5all 5 i it s saall Jaads 58 o 1P,
(=0, e, =0)dussme dosall 3 5enll Janis )8 a1 gP,

ALY @l ghadl) Conen Ly s ddélaa pladdiuly 3aas Yl psadl ()8 9

sl Qidas e (M, , My, , Py)aass o

uy
_Muy _ My . . .
) ey—H , ey—P—uu‘iab-d\u—eex,eyA.ay .
zaled (33 Y A gensall Conaill 3 g3 (8 il bl aas (yia 85 sl J8 La pads o5 1) Apasall 3 gendl ) e 2Ly e

s il

(BP ) s A5 Lils SOLS 05 gl laria ol 5 Jidll ¢ 3 cosn DS (GPyy), (BP ) Sloss 2 0

(BP,) G 3l 585 a3 3 gl Jand 55 le Jpumall Jlo s dilas b gt @

il 1A oy yo adalaa (e AUl 3 gend) 4 slia g o(Jaladll (e 223Ul (P,) 2 send) e Aalisall Ay ) gaall o g8l (g ¢y &3 o
Janlio ) J ganldl oy A srludill s gl 3 ganl) Syl sty @lld 5 A ol sale ) a3 Y1 5 canina Al gP, > P,
dsaxll e ddaliall o gall e ySI
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0S5 a8 2SaTll 8w 5ad) ol ol sl ek o s il (B, < 0.1P,,) Letic sxm il asd dlaladll o3 sdlia e
(S a5 s A ABle e

M + My <1
M, M,

(X)osall doa apanaill 2l 58 2 My
(Y)os dos (oasaaill 2 5al) 80 M,
(X)s5nall dsn o 3all Janil 3,5 o s M,
(Y)osm) dsm 3ol Janll 5,5 oM,

(PA)- iy Ada il saach)

Ay smadirino @ o gandl (o e laie (Slyshadsenll S Al A8l 530 JaY (dash sl ) 2 sl & 53 aand ey Y
LS edany S o il O cadlan) (S V(P &) slaias o sall dad 8 5305 oo Laa lad¥) s (A) Lalaie Ll Aa 31 4l Caaa
3 el S 13) L dubiom Byl iy Jebaal) 138, (8)p3all €5 Jebaa alasiud Ua asiieeall 3 oS0 L il 0 ) IS0 en 3o s
{(Braced) il L 53U a sl 4ilé st o A

2 Pu * Ao

< 0.
Vus * lc 0.05

sl KU smad) il ) deall ((ZP0)
sl deadll S sl Jesd) (Vus)

(a8 3 gisale g ¢ sall Ladkd gl s e o A Aa) 5Y) 2 (40)

(Sall J skl (1)
A P, l Po
0 1 /) M
v
/My // .
/ _ / The moment will be
/ The moment will be I s increased by the
! increased by the <>  second-order moment P,
I second-order moment P, |
\ M, =M, + P,o
p M= My Py \

T \\ Mm
te,

P

nt

Al Cladiall L da jaall Jglaa) 8 LS @lld e oSl 5 8
(ACI 318 =350 cawnyy adld Nl (Braced) duslall sl WL e ¥ saee V) muaa o 4Ll adll aien (ge Baadl
(ACI 318 — 14 sec (6.2.5.a))~ull 8 53 s sall 5 40U 483l (389 3 gwall d8las (e (33al) 4y 14 seC (6.2.4))
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single ) @alal slai¥ (i ya dsanll S 1) dus 0 (ML/M2) Gl 386 ol V1 aal 3 geall 4] i jee a2 S) M2
.(Double curvature) z s« slisd¥ (s e (S 13 Al o S5 5 (Curvature

column ) gl asa s salla (A 5 ALl g el oy ddlall ddluall 330 Cus (Unsupported length) ssead) e Jshll o :Lu
U i) e diliall 33 (capital

a0 AlSaY Jagaat 35S amy g 3 el Jid 5 e f dlaiadl ) gl 3200 W) s Al seliall o dainy (S Jshall dalxs 1K

Se Gl g 038 ANall il 5 g (e L dla) (S5 (Braced) (il eda b ¥l alia b s (5 Cum (1) (5 5t Leiad
IS ma e g LS Al il

s K ¥
—_—s L= =]
50.0 -3 - 1.0 _[500
10.0 — 4 E- 10.0
El 5.0 3 E- 5.0
by Tc columns 3.0 B — 3.0
Y = c 2.0 — 4 2.0
El - -
2 = beams o
lc 1.0 — — 1.0
09 — — 09
0.8 — T — 0.8
0.7 — L 0.7
0.6 — ——0.7 — 0.6
0.5 — _—0.5
0.4 — 1 — 0.4
03 — — 0.3
0.2 — B 0.2
0.1 — - — 0.1
o — —L o5 Lo

& = sa LS (Single Curvature)2 e sbisi) I (5355 a5 jall CilS Alla 3 Aus g0 R (%) Al (859 M2 > M1 s
QU Jsill & ga LS (Double Curvature) cmalas¥) 8 sl dlls 8 cdulle 4ad (S35 () Adls)

M,,, Mw P

/"‘t:A':Pe

T 1T

M
\/MZb Mzb ‘P

P
Single curvature Double curvature P — Aeffect
M = P(e + A)

Mc=6 « M2 @MM\°&EM‘€)’J\MO§J
A B A e 3 (ACT 318 — 14sec (6.6.4.6.2) ) (5h5 (8) Sl Jolas a1

[240]



omspslldy 05 Losaa Rmazdll i glall Lyl

6= =>1 = 2kl El = 0.25E I Cm =06 +0 M1 =>1

-_— e e k — —_—

) P > , pC kw2 25Ec * Ig , m . .4(M2)_
0.75 * pc

-

3aacd paa

A rectangular column css story1 With (C80* 80 (24@25))

(and has the (following critical loads):
Pu=8006.25 KN

Muz= 248.46 KN.m Muy= 312.43KN.m Vu=120.33 KN
Material used has (fc= 30 Mpa, Fy= 420 Mpa)
Solution:
e Check Axial or beam-column action
Mz 242.46
ey=—= ———— x 1000 = 31 mm

pu 8006.53
and e, = 0.03 xh + 15 =0.03 *800 + 15 =39 mm > ey

My 31243 1000 = 39.02
= — _—% = .
¢ = bu 8006.53 mm

ande,,;, = 0.03*h+15=0.03x800+ 15 =39mm < ez
So it is not Axial Column

(0.1 30 =800 * 800)
0.1+ fc' *xAg = 1000 = 1920 KN

Pu=8006.53 KN >1920 KN (limit), the member must be designed as abeam column with the effect of axial
load included.

e Check slenderness
The frame is braced,; this is based on previous calculation mentioned before for every story in the building,

SO:

klu 12M1
—<34-
r M2

Using K =1, (as recommended to be safe)
lu=33-07=2.6 m

r = 0.3xh = 0.3%0.8 = 0.24m, applying in the equation:
. K_lu 1%2.

where M2 is greater than M1

So: = = 10.83m
r 0.24
Limit: 34 — 1222846 _ o4 45
312.43

We see that: 10.83 < 24.45, and therefore the column is short and slenderness ratio can be neglected.
e Calculate (eb) to know if tension controls or compression controls

Assume As =24 ¢ 25=11780.97 mm?2 .
As  11780.97

. =0.01 b
Prmin < P =457 800800

=0.0184 < pPpgr =006 ... 0K

For Muz= 248.46 KN.m
Mz 242.46

—— = 22 41000= 31
Y= ou 8006.53 i

For Muy= 338 KN.m
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My 31243 1000 = 39.02
= — —_— = .
¢ = bu 8006.53 mm

emin=15+0.03h=15 + 0.03 * 800 = 39 mm
since emin >ey , emin<ez The column is unaxially loaded and in one way(My).
And Muz will be neglected.

312
FOR Muy=.43 KN.m
b= 800 mm, h= 800 mm, d’=40+12+ (25/2) = 64.5mm
d=800-64.5= 735.5 mm , d’=(800/2) — 64.5=335.5 mm
assume As = As’ = 7025 =3436.117 mm2
My 312.43
ey = p_u = 800653 * 1000 = 39.235 mm
b = 6?)(())3-*;:131 - 660000*:2);.05: 432.65mm
=0.8

a, = f *cp, = 0.8 % 432.65 = 346.12 mm

Check: fs' = 600 » %) = 600 « B2849) _ 510 552 mpa > Fy

432.65
fs>Fy, So use fs'=420 Mpa
P, =0.85*Fc xa, xb+ AS’(Fy — 0.85 * Fc') — AS « Fy
P, = (0.85 % 30 = 346.12 = 800 + 3436.1(420 — 0.85 = 30) — 3436.117 % 420) * 1073 = 6973.22 kN
M, = Cc(d - (%) —d")+Cs(d—d' —d”) + T *d”
346.12

M, = 0.85 * 30 * 346.12 * 800 ( 735.5 — ( ) - 335.5) + (3436.117(420 — 0.85 = 30))

* (735.5 — 64.5 — 335.5) + 3436.117 * 420 * 335.5 = 2541.35kN. m
Mb  2541.35

=2 = 22722 1000 = 364.4mm > e = 39.02
pb 697322 i = € i

eb

So, Compression Controls.

Assume fs’=ty

We can use the second-degree equation found in
(Structural Concrete,M.Nadim Hassoun) as follow:

Aa® + Ba? + Ca+ D = 0 , where:
A_O.85*fc*b_0.85*30*800

2 2

B= 0.85fc'b (e —%) = 0.85 30 + 800  (39.02 — =2) = ~7363992

= 10200

h h
C= As’* (fy—0.85fc) * (e + (E)_d) + 600 *x As x (e + (E)—d’)
800
C =3436.117 * (420 — 0.85 * 30) * (39.02 + (T) - 735.5) + 600 * 3436.117

800
* (39.02 + (T) - 64.5) = 370243805.9
D = —600 * As * (e + (g)—d’)*B*d

800
D = —-600 * 3436.117 = (39.02 + (T) - 64.5) * 0.8 x 735.5 = —4.54 % 10!
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Applying in the equation:

10200 a®* — 7363992a?* + 370243805.9a + ( —4.54 « 10'1) =0
Solving the equation,we find that: a = 788.92 mm
c=a/0.8 = 788.92/0.85 = 986.15 mm

Check:

As : fs = 600 *(E)Z6QO*M:
¢ 986.15

This is not reasonable value, but it means that steel here does not work as tension, but it works as

compression .

—152.5mpa so usefs.

s fs' = 600 « ST _ 6og . 28OS 045 0 oeyp
. = * = * = .
Sifs ¢ 986.15 a

Note that fs'>fy ,souse fs'= fy =420 Mpa as assumed,

NOW, Pn=Cc+Cs—T

Cc= 085*fcxaxb = 0.85%30*788.92 x800 = 16093.96KN

Cs = As’* (fy — 0.85 * fc') = 3436.117 * (420 — 0.85 * 30) = 1355.5KN
T =Asx*fs =3436.117 * 39.02 = —134.077KN

Pny= 16093.96 + 1355.5 — (—134.077) = 17583.53KN .

Mny=e * Pny = 39.02 *17583.53=686.12 KN.m .

Calculating @ :-

For compression controls:

250
0 =0.65 + (2t — 0.002)(—) < 0.9 > 0.65

(=9 _ oo, 7355-98618)
—_—— * -
' 986.15 '

250
@ = 0.65 + (—0.000762 — 0.002) (T) = 0.41 < 0.65 use @ = 0.65

So ; @Pny = 0.65 * 17583.53 = 11429.29KN >Pu ... OK

1142929 _ 142 .. Good
10041

&t = 0.003 =

Safety factor =

4-Design the confinement reinforcement:
lengh lo:

lo > % = 2070 433 33 mm,

lo>h, b=800mm

lo> 450 mm

Therefore, lo =800 mm

Spacing So along length lo :

So for fy=420 MP So<6db=06x25=150mm

5o < b 1800 800
T 4’4 4 " 4

350 — hx 350 — 200
So <so =100+ (T) =100 + (T) =150 mm

So =100 mm

So=110mm , and , S0/2 =55mm

Spacing S1 along Mid length of column :

S; <6db=6%25=150m and S;1 <150 mm
S1 =110 mm

= 200mm
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Check B, < 0.3 ffA; - 8006.53 < 0.3*30%800x800 =57600 KN so

Maximum spacing of shear reinforcement:
b, =h—2xcover =800—2%40 =720mm

( Ay 1 800 = 800 30 mm
03<——1)b —03(——1)*720* = 3.61 .

Ach “foe 720 * 720 420 mm
1. 30 mm?
0.09h, =~ = 0.09 * 720 * —— = 4.62 :
e 420 mm
== grater of i3 02k + ky 5 Pl w b, = 0.2+ 111 # 1 # one23 2 1072720 _ 3y
: * * —* = * = 5.
s T fex A 420 * 720 * 720 mm
ky = 4 = =1.071
" -2 14-2
£ 31
+ 0.6 =-—-+0.77=08use ky =1

\ e = 175 T 175

So% =12.2 n;—n: — Ag, = 5.87 s = 5.87 *x 110 = 645.7 mm?
use 6 brunch 312 hoop @ 11 cm along ,
300 mm
I, = grater of fy*lpt*we*d}gd :420*1*1*1
20F 0 21%1x+/30
- In direction h1=1000mm  4Ab>0.0015h1 x s
0.0015x1200x110 = 198 mm2
4Ab =12*113.14=1357.68mm2 > 198  ...OK
- In direction h2=700mm  2Ab > 0.0015h2 x s
0.0015x500*110 = 82.5 mm?2

x 22 = 803.32 mm

2Ab=5%113.14=565.5mm2 > 82.5 ...0OK (10.7.5.2.1)
Lab splice =0.83*803.32 =666.7 mm use L =0.66m
_ fyxdb _ 420%22 _
For 418 lan = SAdfe — 5aavE0 - 312.4mm = 0.32m
minimum inside bend diameter is: 6 d, =6x*22=132mm.

lan = 0.32+4+0.132 = 0.452m
use  lgp = 45.2cm
and toxt = 12 % 22 = 264mm.

Type of Hook used:
For seismic & = 135° and loxt = grater of {6db - 67*5151; 72 mm

ly : into footing or mat = 300 mm .
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; g shear design
;i) L) 190 S (i) checkses
080 o0 30 s 8 30 0 w1200 6 | 6 [0 ek ok 0o ok st @ 11 Shorcolmn| 2 254 o |00 ok
2 A0 R0 0 4% N Tee 24 BRD 08 6 W ok | ok O0HS] ok Istotcomn| e | 1o ehotcomnl  beam 6713 | 8195 1708 ok |0 | ok
300 o0 | 300 ecoomr o s et e 20l 6 6 ek | ok M) ok fsiotem) w13 [Shotcoumnl add 1538 & L m | o
oo a0l e s s om0l 6 L6 | o | ok J0mie) ok [swtom| 3@ 14 shotcoum| aid 1255 ® L m | &
580 | 80| 3o | eoesp 245 3 03 wM 20 6| 8 Ll [ | ok |00 ok [sodom| @@ | 15 shotcoumn|  add 1254 o |0 | o
6o [ a0 s e w0 % 420 6 ) 8 L m [ | ok [0 ok [solom| 2@ | 15 shotcoumn| add 1539 & |0 | o
TH0| 0|0 e mEmY W %M 206 8| B || o 00 o swtom| @l 17 shotcoum| i 1157 & W |
S o0 |an 0 em mm 55 n2 B2 006 8 | B | o] o 0008 o [utom| m 18 shomcoumn|  beam 45 | 11568 3% & | M | o
Q0|0 0 g % RM B0 6 8 D |k | o 00 o swlom| a9 shotcounn|  ad 1301 ok | 20 | ok
0 60 [ a0 30 Bum Wae BB 0 206 8 | B || o 008 o [wtom| aid 20 shotcotmn|  aid 1,169 ok | 200 | ok
030 o030 o e e e w08 8 | 0| o | o 000 o solwm| s 2 chotcotmn| il 1157 o | N0 | ok
D]l pe e e 2 0] 6] 8| D [ e | oo & oolom| =@ 22 shotcoumn| ada 1408 ok | M | ok
300 | a0 30 T ooy ww 206 8 L0 [ | o 000 ok [solom| s | 23 shortcotmn|  aid 1365 ok | W | o
conlmlmn oo wwood 95 g5 006 8 L d Lo | o 008 o [sutom| e | 24| shotcolmn|  beam 623 | 67% | 3% ok |0 | o
500 | o0 |30 9w ms s s om0 6 8 LD [ | o 000 o sutomm| aid | 25 shortcolmn|  aid 1,684 ok | W | o
B o |0 30 T mBwn W om¥ 2 06 8 LD k| o 0008 o swlomm| a@ | 26 shorcolmn|  axel 1368 ok |0 | o
7800 | a0 30 7o o am oy wel 206 8 Lo [ | o 000l ok [swdomm| @i | 27 shortcolmn| el 1365 ok | W | o
B o[ 0 e mm e 9% 7E 06 8 L0 [k | o 000 ok [swlom| aid | 28 shortcolmn| el 1.687 ok | 20 | ok
9600 [ a0 |30 e e mane e M R 06 8 LD | o | o 008 ok [swdom| aid | 29 shortcolmn| el 15 ok | 20 | ok
O oo 0 wa wws 4% mE 0006 8 Fd [ | o 000 o [sofoim| e | 30 shortcolmn| beam B33 | 6083 | M2 ok | 0 | ok
1000 a0 | 200 s o s & AN D0 8] 8 DO | ok | ok 000] o |sofcom| aid 31 shortcolmn| @l 1853 ok | 200 | ok
200 o [ sw0 esoor fe suos s 282 (0 [ 8 ] 6 [0 [ ok | ok JOUS] ok |sufookm| aid | 52 shortcokmn] " adel 1.503 ok | 200 | ok
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C D E F G H | J K L M N e} P Q R S T U
3 800 800 3300 669552 23584 35964 128.88 208.77| 22 10 6 6 20 ok ok 0.0119 ok short column axial
4 | 800 800 3300 5406.29 193.42 329.81 38.95 41.22| 22 10 6 6 20 ok ok 0.0119 ok short column axial
5 800 800 3300 6049.81 233.36 373.17 131.78 220.32| 22 10 6 6 20 ok ok 0.0119 ok short column axial
6 800 800 3300 348.71 943 106.89 47.36 62.11 22 10 6 6 20 ok ok 0.0119 ok short column beam
7 800 800 3300 4895.24 169.49 382.38 61.99 68.44| 22 10 6 6 20 ok ok 0.0119 ok short column axial
8 | 800 800 3300 6032.96 181.27 40466 10572 238.32| 22 10 6 6 20 ok ok 0.0119 ok short column axial
9 800 800 3300 6049.81 233.36 373.17 131.78 220.32| 22 10 6 6 20 ok ok 0.0119 ok short column axial
0 800 800 3300 4878.39 205.71 354.49 35.92 50.45| 22 10 6 6 20 ok ok 0.0119 ok short column axial
1 800 800 3300 5412 \ 231.61 \ 380.71 \ 133.57 \ 227.14 2.5 10 6 6 20 ok ok 0.0153 ok short column axial
2 800 800 3300 312.58 91.21 109 48.42 64.48| 25 10 6 6 20 ok ok 0.0153 ok short column beam
3 800 800 3300 4384.74 173.17 3999 62.32 73.89| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
4 800 800 3300 5392.22 180.55 413.57 106.57 246.3| 25 10 6 6 20 ok ok 0.0153 ok short column axial
5 800 800 3300 5412 231.61 380.71 133.57 227.14| 25 10 6 6 20 ok ok 0.0153 ok short column axial
6 800 800 3300 4364.97 213.7 369.54 35.31 5472 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
7 800 800 3300 4782.16 2294 3831 13445 230.25| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
8 | 800 800 3300 274.99 88.1 109.06 48.71 65.27| 25 10 6 6 20 ok ok 0.0153 ok short column beam
9 800 800 3300 3884.77 17553 409.57 62.88 75.85| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
0 800 800 3300 4760.1 179.39 41657 106.91 250.13| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
1 800 800 3300 4782.16 2294 3831 13445 230.25| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
2 800 800 3300 3862.7 218.9 377.46 35.34 5597| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
3 800 800 3300 415998 22587 38197 133.24 230.7| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
4 800 800 3300 236.63 83.96 107.84 473 65.02| 25 10 6 6 20 ok ok 0.0153 ok short column beam
5| 800 800 3300 339256 174.71 413.16 63.78 75.31| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
6 800 800 3300 4136.39 17757 4153 106.1 250.84| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
7 800 800 3300 415998 22587 38197 13324 230.7| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
8 | 800 800 3300 3368.97 218.47 380.07 36.63 55.17| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
U vV W X Y z AA
33 axial 1.5 ok 200 ok
34 axial 1.858 ok 200 ok
35 axial 1.66 ok 200 ok
36 beam 6.532 57862 3.061 ok 200 ok
37 axial 2.051 ok 200 ok
38 axial 1.665 ok 200 ok
39 axial 1.66 ok 200 ok
10 axial 2.059 ok 200 ok
H1 axial 1.939 ok 200 ok
12 beam 8617 7.211 3925 ok 200 ok
13 beam-column 2.165 2.165 ok 200 ok
14 axial 1.947 ok 200 ok
15 axial 1.939 ok 200 ok
16  beam-column 2.215 2.215 ok 200 ok
17  beam-column 2.048 2.048 ok 200 ok
18 beam 8.921 7.207 3.986 ok 200 ok
19 beam-column 2.347 2.347 ok 200 ok
30  beam-column 2.015 2.015 ok 200 ok
31 beam-column 2.396 2.396 ok 200 ok
32  beam-column 2413 2.413 ok 200 ok
53| beam-column -0.472 -0.472 not ok 200 ok
pr| beam 9.361 7.288 4.098 ok 200 ok
55 beam-column 2.563 2.563 ok 200 ok
36  beam-column 2.236 2.236 ok 200 ok
57  beam-column 2.278 2.278 ok 200 ok
58  beam-column 2.65 2.65 ok 200 ok
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C D E F G H | J K L M N (@] P Q R S T U
9 800 800 3300 354481 226.72 379.11 1379 23042 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
0 800 800 3300 197.87 83.12 1059 50.25 64.32| 25 10 6 6 20 ok ok 0.0153 ok short column beam
1 800 800 3300 2906.17 182.51 41514 64.33 7254 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
2 800 800 3300 3520.53 178.52 4116 108.9 250.35| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
3| 800 800 3300 354481 226.72 379.11 1379 23042 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
4 800 800 3300 2881.89 231.87 3819 35.32 52.61| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
5 800 800 3300 2936.8 205.95 368.23 114.18 221.9| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
6 800 800 3300 159.67 65.82 102.02 31.53 61.75| 25 10 6 6 20 ok ok 0.0153 ok short column beam
7 800 800 3300 242259 149.64 396.9 67.12 68.92| 25 10 6 6 20 ok ok 0.0153 ok short column |  beam-column
8 | 800 800 3300 2912.7 166.85 399.3 95.13 241.13| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
9 800 800 3300 2936.8 205.95 368.23 114.18 221.9| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
0 800 800 3300 2398.49 175.87 364.56 48.07 49.69| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
1 800 800 3300 2353.56 167.95 350.7 111.86 216.9| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
2 800 800 3300 130.55 35.76 | 96.23 29.64 59.65 25 10 6 6 20 ok ok 0.0153 ok short column beam
3 800 800 3300 | 1906.67 | 165.83 [ 396.68 | 67.42 63.26 25 10 6 6 20 ok ok 0.0153 ok short column beam
4 800 800 3300 | 2337.94 | 146.31 | 379.8 93.79 235.2 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
5 800 800 3300 | 2353.56 | 167.95 | 350.7 111.86 216.9 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
6 800 800 3300 | 1891.06 | 205.14 [ 365.41 | 49.36 44.96 25 10 6 6 20 ok ok 0.0153 ok short column beam
7 800 800 3300 1758.1 2214 |356.55| 136.47 | 219.82 25 10 6 6 20 ok ok 0.0153 ok short column beam
8 800 800 3300 93.86 72.27 | 9457 45.26 58.58 25 10 6 6 20 ok ok 0.0153 ok short column beam
9 800 800 3300 | 142548 | 183.34 [ 399.18 | 70.08 54.14 25 10 6 6 20 ok ok 0.0153 ok short column beam
0 800 800 3300 | 1744.52 | 178.42 | 384.21 | 109.47 | 237.34 25 10 6 6 20 ok ok 0.0153 ok short column beam
1 800 800 3300 1758.1 2214 |356.55| 136.47 | 219.82 25 10 6 6 20 ok ok 0.0153 ok short column beam
2 800 800 3300 | 1411.91 | 229.86 | 369.03 | 43.08 36.62 25 10 6 6 20 ok ok 0.0153 ok short column beam
3| 800 800 3300 1167.9 | 190.02 | 329.65 | 111.99 196.17 25 10 6 6 20 ok ok 0.0153 ok short column beam
4 | 800 800 3300 58.81 54 .07 86.51 85133 52.47 25 10 6 6 20 ok ok 0.0153 ok short column beam
1 w v Vv FaY 1 I a'al
59 short column | beam-column 2.561 2.561 ok 200 ok
60 short column beam 9.456 7.422 4.158 ok 200 ok
61 short column | beam-column 2.812 2.812 ok 200 ok
62 short column | beam-column 2.505 2.505 ok 200 ok
63 | short column | beam-column 1.798 1.798 ok 200 ok
64 short column | beam-column 3.395 2.924 3.186 ok 200 ok
65 short column | beam-column 2.93 2.93 ok 200 ok
66 short column beam 11.941 7.704 4.683 ok 200 ok
67 short column | beam-column 3.168 3.168 ok 200 ok
68 short column | beam-column 2.854 2.854 ok 200 ok
69 short column | beam-column 2.93 2.93 ok 200 ok
70 short column | beam-column 3.315 3.315 ok 200 ok
71 short column | beam-column 3.409 3.409 ok 200 ok
72 short column beam 21.979 8.167 5.954 ok 200 ok
73  short column beam 4.739 1.981 1.397 ok 200 ok
74 short column | beam-column 3.296 3.296 ok 200 ok
75 short column | beam-column 3.409 3.409 ok 200 ok
76 short column beam 3.831 2.151 1.377 ok 200 ok
77 short column beam 3.55 2.204 1.359 ok 200 ok
78 short column beam 10.875 8.311 4,711 ok 200 ok
79 short column beam 4.287 1.969 1.349 ok 200 ok
80 short column beam 4.405 2.045 1.397 ok 200 ok
81 short column beam 3.55 2.204 1.359 ok 200 ok
82 short column beam 3.419 2.129 1.312 ok 200 ok
83 short column beam 4.136 2.384 1.512 ok 200 ok
84 short column beam 14.536 9.085 5.591 ok 200 ok
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C D E F G H | J K L M N (o] P Q R S T V)
9 800 800 3300 3544.81 226.72 379.11 137.9 23042 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
0 800 800 3300 197.87 83.12 1059 50.25 6432 25 10 6 6 20 ok ok 0.0153 ok short column beam
1 800 800 3300 2906.17 18251 415.14 64.33 7254 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
2 800 800 3300 3520.53 178.52 411.6 108.9 250.35| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
3| 800 800 3300 3544.81 226.72 379.11 137.9 23042 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
4 800 800 3300 2881.89 231.87 3819 35.32 52.61| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
5 800 800 3300 2936.8 205.95 368.23 114.18 2219 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
6 800 800 3300 159.67 65.82 102.02 31.53 61.75| 25 10 6 6 20 ok ok 0.0153 ok short column beam
7 800 800 3300 2422.59 149.64 396.9 67.12 68.92| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
8 | 800 800 3300 2912.7 166.85 399.3 95.13 241.13] 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
9 800 800 3300 2936.8 205.95 368.23 114.18 221.9] 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
0 800 800 3300 2398.49 175.87 364.56 48.07 49.69| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
1 800 800 3300 2353.56 167.95 350.7 111.86 216.9| 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
2 800 800 3300 130.55 35.76 | 96.23 29.64 59.65 25 10 6 6 20 ok ok 0.0153 ok short column beam
3| 800 800 3300 | 1906.67 | 165.83 | 396.68 | 67.42 63.26 25 10 6 6 20 ok ok 0.0153 ok short column beam
4 800 800 3300 | 2337.94 | 146.31 | 379.8 93.79 235.2 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
5 800 800 3300 | 2353.56 | 167.95 | 350.7 111.86 216.9 25 10 6 6 20 ok ok 0.0153 ok short column | beam-column
6 800 800 3300 | 1891.06 | 205.14 | 365.41 | 49.36 44.96 25 10 6 6 20 ok ok 0.0153 ok short column beam
7 800 800 3300 1758.1 221.4 | 356.55| 136.47 | 219.82 25 10 6 6 20 ok ok 0.0153 ok short column beam
8 800 800 3300 93.86 72.27 | 9457 45.26 58.58 25 10 6 6 20 ok ok 0.0153 ok short column beam
9 800 800 3300 | 1425.48 | 183.34 | 399.18 | 70.08 54.14 25 10 6 6 20 ok ok 0.0153 ok short column beam
0 800 800 3300 | 1744.52 | 178.42 | 384.21 | 109.47 | 237.34 25 10 6 6 20 ok ok 0.0153 ok short column beam
1 800 800 3300 1758.1 221.4 | 356.55 | 136.47 | 219.82 25 10 6 6 20 ok ok 0.0153 ok short column beam
2 800 800 3300 | 1411.91 | 229.86 | 369.03 | 43.08 36.62 25 10 6 6 20 ok ok 0.0153 ok short column beam
3| 800 800 3300 1167.9 | 190.02 | 329.65 | 111.99 196.17 25 10 6 6 20 ok ok 0.0153 ok short column beam
4 800 800 3300 58.81 54.07 86.51 35.33 52.47 25 10 6 6 20 ok ok 0.0153 ok short column beam
1 w v Vv FaY 1 I a'al
59 short column | beam-column 2.561 2.561 ok 200 ok
60 short column beam 9.456 7.422 4158 ok 200 ok
61 short column | beam-column 2.812 2.812 ok 200 ok
62 short column | beam-column 2.505 2.505 ok 200 ok
63 | short column | beam-column 1.798 1.798 ok 200 ok
64 short column | beam-column 3.395 2.924 3.186 ok 200 ok
65 short column | beam-column 2.93 2.93 ok 200 ok
66 short column beam 11.941 7.704 4683 ok 200 ok
67 short column | beam-column 3.168 3.168 ok 200 ok
68 short column | beam-column 2.854 2.854 ok 200 ok
69 short column | beam-column 2.93 2.93 ok 200 ok
70 short column | beam-column 3.315 3.315 ok 200 ok
71 short column | beam-column 3.409 3.409 ok 200 ok
72 short column beam 21.979 8.167 5.954 ok 200 ok
73 short column beam 4.739 1.981 1.397 ok 200 ok
74 short column | beam-column 3.296 3.296 ok 200 ok
75 short column | beam-column 3.409 3.409 ok 200 ok
76 short column beam 3.831 2.151 1.377 ok 200 ok
77 short column beam 3.55 2.204 1.359 ok 200 ok
78 short column beam 10.875 8.311 4.711 ok 200 ok
79 short column beam 4.287 1.969 1.349 ok 200 ok
80 short column beam 4.405 2.045 1.397 ok 200 ok
81 short column beam 3.55 2.204 1.359 ok 200 ok
82 short column beam 3.419 2.129 1.312 ok 200 ok
83 short column beam 4136 2.384 1.512 ok 200 ok
84 short column beam 14.536 9.085 5.591 ok 200 ok
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© D E F G H I J K L M N 0 p Q R S T U \ W X Y z
o 9 T[RRI | N | Gy m) | km) (k)| <0 | (o) | mm) | s | oo | e e ©
1700 | 700 | 3600 | 694244 1628 5382 934 3792| 20 | 10 6 6 20 ok ok [00128] ok | shortcolumn aial 1.121 ok 200
2 700 | 700 | 3800 | 907.06 10475 7677 4002 5167 20 | 10 [ 6 20 ok ok [00128] ok | shortcolumn beam 419 5718 2418 ok 200
3 700 | 700 | 3600 | 402761 15459 45799 8279 26211] 20 | 10 6 6 20 ok ok 00128 ok | shortcolumn | beam-column 1571 1571 ok 160
4 700 | 700 | 3600 | 681374 11918 40723 2071 2352 20 | 10 6 6 20 ok ok [00128] ok | shortcolumn aial 1.142 ok 200
5 700 | 700 | 3600 | 687507 12741 404 934 379 20 | 10 6 6 20 ok ok 00128 ok | shortcolumn axial 1132 ok 200
5 700 | 700 | 3600 | 400907 21461 3983 10319 24094| 20 | 10 6 6 20 ok ok [00128| ok | shortcolumn | beam-column 1659 1659 ok 160
7_700 | 700 | 3300 | 764062 9725 2623 676 1444] 20 | 10 3 6 20 ok ok 00128 ok | shortcolumn axial 1018 ok 200
3700 | 700 | 3300 | 96676 12969 1362 3454 1524] 20 | 10 6 6 20 ok ok 00128 ok | shortcolumn beam 3384 32232 3063 ok 200
9 700 | 700 | 3300 | 456025 8464 2357 4595 12005 20 | 10 6 6 20 ok ok [00128] ok | shortcolumn axial 1.707 ok 200
D700 | 700 | 3300 | 756917 8527 2216 676  1444] 20 | 10 6 6 20 ok ok [00128] ok | shortcolumn axial 1028 ok 200
1700 | 700 | 3300 | 153364 13298 763 369 4304 20 | 10 6 6 20 ok ok [00128] ok | shortcolumn | beam-column 4525 4525 ok 200
2700 | 700 | 3300 | 452979 16783 1488 6695 10536 20 | 10 6 6 20 ok ok 00128 ok | shortcolumn axial 1718 ok 200
3 700 | 700 | 3300 | 626582 6491 2221 2138 2109 20 | 10 6 6 20 ok ok 00128 ok | shortcolumn aial 1242 ok 200
4700 | 700 | 3300 | 81677 12442 1048 5723  67.14] 20 | 10 6 6 20 ok ok [00128] ok | shortcolumn beam 3528 4188 1.915 ok 200
5 700 | 700 | 3300 | 359531 14576 53302 8321 31557| 20 | 10 6 6 20 ok ok 00128 ok | shortcolumn | beam-column 1558 1558 ok 160
5 700 | 700 | 3300 | 615787 12923 50862 786 116 20 | 10 6 6 20 ok ok [00128] ok | shortcolumn | beam-column 1142 1142 ok 200
7700 | 700 | 3300 | 619846 15783 49012 2138 2109 20 | 10 6 6 20 ok ok 00128 ok | shortcolumn | beam-column 1148 1148 ok 200
3 700 | 700 | 3300 | 359636 21476 46708 11253 2863 20 | 10 6 6 20 ok ok 00128 ok | shortcolumn | beam-column 1663 1663 ok 160
9 700 | 700 | 3300 | 561042 7774 2808 3522 2281 20 | 10 6 6 20 ok ok [00128] ok | shortcolumn aial 1.387 ok 200
0700 | 700 | 3300 7162 13252 12238 6747 7622] 20 | 10 6 6 20 ok ok 00128 ok | shortcolumn beam 3312 3587 1722 ok 200
1700 | 700 | 3300 | 322104 15555 60748 8987 36282 20 | 10 6 6 20 ok ok [00128] ok | shortcolumn | beam-column 1504 1504 ok 160
2 700 | 700 | 3300 | 552245 14146 59015 135 183 20 | 10 6 6 20 ok ok 00128 ok | shortcolumn | beam-column 1173 1173 ok 200
3 700 | 700 | 3300 | 554305 18388 55883 3522 2281] 20 | 10 6 6 20 ok ok 00128 ok | shortcolumn | beam-column 1194 1194 ok 200
4 700 | 700 | 3300 | 324039 22633 53678 12388 327.02| 22 | 10 [ 6 20 ok ok 00155 ok | shortcolumn | beam-column 1.675 1.675 ok 176
5700 | 700 | 3300 | 498509 9306 4005 4789  2915] 22 | 10 6 6 20 ok ok 00155 ok | shortcolumn axial 1616 ok 200
5700 | 700 | 3300 | 61643 1394 1209 7537 7973| 22 | 10 6 6 20 ok ok 00155 ok | shortcolumn beam 378 4.056 1.956 ok 200
7700 | 700 | 3300 | 28878 15815 65735 9287 39533 22 | 10 6 6 20 ok ok 00155 ok | shortcolumn | beam-column 1524 1524 ok 176
3 700 | 700 | 3300 | 49125 14883 64763 1038 006 22 | 10 6 6 20 ok ok 00155 ok | shortcolumn | beam-column 1242 1242 ok 200
9 700 | 700 | 3300 | 487992 20167 58581 4807 4166 22 | 10 [ 6 20 ok ok 00155 ok | shortcolumn | beam-column 1.302 1.302 ok 200
D 700 | 700 | 3300 | 292038 23083 58126 13056 35361 22 | 10 6 6 20 ok ok 00155 ok | shortcolumn | beam-colmn | 2495 1657 1742 ok 176
1[ 700 | 700 | 3300 [ 4396.07 [ 30.19 [ 057 | 16.88 | 6.31 22 | 10 6 6 20 ok ok | 00155| ok | shortcolumn axial 1.832 ok 200
2 700 | 700 | 3300 | 52393 14362 13116 8079 7977 22 | 10 6 6 20 ok ok 00155 ok | shortcolumn beam 3669 4017 1917 ok 200
3 700 | 700 | 3300 | 258152 16037 6928 9508 41843 22 | 10 6 6 20 ok ok [00155| ok | shortcolumn | beam-column 1502 1502 ok | 169902
w |5 =4 r o n I J n L wl N LY Ind ¥ LAY k=3 I v v v A T Iy
700 | 700 | 3300 | 432871 15396 68830 1688 631 22 | 10 [ [ 20 ok ok [00155] ok | shortcolumn | beam-column 1.283 1.283 ok 200
700 | 700 | 3300 | 428973 21418 61512 57 5303 22 | 10 3 3 20 ok ok [00155] ok | shortcolumn | beam-column 1.367 1.367 ok 200
700 | 700 | 3300 | 26205 23382 61171 13519 37171 22 | 10 3 3 20 ok ok [00155] ok | shortcolumn | beam-column 2689 1.649 1.701 ok 176
700 | 700 | 3300 | 383763 375 1875 2192 1542 22 | 10 3 3 20 ok ok [00155] ok | shortcolumn aial 2099 ok 200
700 | 700 | 3300 | 44112 14607 12861 8442 7777 22 | 10 3 3 20 ok ok [00155] ok | shortcolumn beam 3607 4.007 1.018 ok 200
700 | 700 | 3300 | 229283 16101 71671 9616 43400 22 | 10 3 3 20 ok ok [00155] ok |shortcolmn | beam-column | 19.043 1.563 2249 ok | 157.223
700 | 700 | 3300 | 377027 15692 71623 2192 1542 22 | 10 6 6 20 ok ok [00155] ok | shortcolmn | beam-column 1.324 1.324 ok 200
700 | 700 | 3300 | 373162 22222 63418 6359 6607 22 | 10 6 6 20 ok ok [00155] ok | shortcolmn | beam-column 1433 1433 ok 200
700 | 700 | 3300 | 233148 23459 63138 13784 28344 22 | 10 6 6 20 ok ok [00155] ok | shortcolmn | beam-column 2911 1.651 1.674 ok 176
700 | 700 | 3300 | 330253 4271 3008 2552 2619 22 | 10 6 6 20 ok ok [00155] ok | shortcolumn aial 2439 ok 200
700 | 700 | 3300 675 14695 12413 867 7477 22 | 10 6 6 20 ok ok [00155] ok | shortcolumn beam 3586 4245 1.044 ok 200
700 | 700 | 3300 | 201557 16073 7319 0658 44427 22 | 10 6 6 20 ok ok [00155] ok | shortcolmn | beam-column 3608 1.667 1.738 ok | 149.040
700 | 700 | 3300 | 323517 15856 73463 2552 2619 22 | 10 6 6 20 ok ok [00155] ok | shortcolmn | beam-column 1.363 1.363 ok 200
700 | 700 | 3300 | 320206 227.34 64625 6813 7964 22 | 10 6 6 20 ok ok [00155] ok | shortcolmn | beam-column 1.105 1.497 1.066 ok 200
700 | 700 | 3300 | 204868 23387 64365 1392 29081 22 | 10 6 6 20 ok ok [00155] ok | shortcolmn | beam-column 3165 1.745 1.74 ok | 174.837
700 | 700 | 3300 | 278826 4629 6072 2823 3794 22 | 10 6 6 20 ok ok [00155] ok | shortcolumn aial 2.889 ok 200
700 | 700 | 3300 301 14614 11894 8775  T144] 22 | 10 6 6 20 ok ok [00155] ok | shortcolumn beam 3606 443 1.088 ok 200
700 | 700 | 3300 | 174562 15022 73961 9602 44957 25 | 10 6 6 20 ok ok | 002 ok | short column | beam-column 4169 1.871 19 ok | 145456
700 | 700 | 3300 | 272080 158.14 74436 2823 3794 25 | 10 6 6 20 ok ok | 002 ok | short column | beam-column 1.501 1.501 ok 200
700 | 700 | 3300 | 269526 22005 65243 7118 9281 25 | 10 6 6 20 ok ok | 002 ok | short column | beam-column 2756 1.659 1.709 ok 200
700 | 700 | 3300 | 177026 23116 65028 13897 3947 25 | 10 6 6 20 ok ok | 002 ok | short column | beam-column 3614 1.959 1.909 ok | 169.503
700 | 700 | 3300 | 22963 11777 14838 7153 9168 25 | 10 6 6 20 ok ok | 002 ok | short column aial 3705 ok 200
700 | 700 | 3300 2392 14421 11303 877 6757) 25 | 10 6 6 20 ok ok | 002 ok | short column beam 4.646 5.927 2604 ok 200
700 | 700 | 3300 | 148076 157.85 74366 0608 45357 25 | 10 6 6 20 ok ok | 002 ok | short column | beam-column 4675 1.801 1.801 ok 14347
700 | 700 | 3300 | 222516 15959 75342 2894  5114] 30 | 10 6 6 20 ok ok [00288] ok | shortcolumn | beam-column 372 1.745 1.792 ok 200
700 | 700 | 3300 | 220978 23123 65814 7172 10742 30 | 10 6 6 20 ok ok [00288] ok | shortcolumn | beam-column 3386 1.934 1.02 ok 200
700 | 700 | 3300 | 149514 22822 65406 13886 29750 30 | 10 6 6 20 ok ok [00288] ok | shortcolumn | beam-column 4305 2287 217 ok | 166.158
700 | 700 | 3300 | 181584 11271 17205 7147 104.39] 30 | 10 6 6 20 ok ok [00288] ok | shortcolmn | beam-column 4249 4.249 ok 200
700 | 700 | 3300 | 17993 [138.39 [ 10636 | 8625 | 6345 | 30 | 10 6 6 20 ok ok [00288] ok | shortcolmn beam 677 8.809 3.828 ok 200
700 | 700 | 3300 | 1210.87 | 155.04 | 74166 | 9399 | 45145 | 30 | 10 6 6 20 ok ok [00288] ok | shortcolmn beam 6.043 1.263 1.044 ok | 143397
700 | 700 | 3300 | 1742.52 | 155.36 | 74832 | 2035 | 6426 | 30 | 10 6 6 20 ok ok [00288] ok | shortcolmn | beam-column 4505 1.978 1.094 ok 200
700 | 700 | 3300 | 1734.07 | 227.85 | 65292 | 7133 | 1199 | 30 | 10 6 6 20 ok ok [00288] ok | shortcolmn | beam-column 3.968 2097 2028 ok 200
700 | 700 | 3300 | 1219.33 | 22161 | 653.36 | 135.96 | 39581 | 30 | 10 6 6 20 ok ok [00288] ok | shortcolmn beam 4228 1434 1.07 ok 168.16
[ 700 | 700 | 3300 | 1356.86 | 1125 | 19368 | 7221 | 1185 | 30 | 10 6 6 20 ok ok [ 00288 beam 8328 4837 308 ok 200

Zon | 7nn | annn | 4ncen | 4acos | 46nan ey ToTe an an
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1% 5] = r ped n | J n L \{l N v r W n 2 | %

Mu(b) | Much) bars NO | bars NO

b (mm) |h (mm)| L (mm) | Pu (KN)

10 (KN.m) | (KN.m) (KN) | (mm) | (mm) | alongh | alongb
11900 | 900 | 3600 | 100565 22113 93.89 56.87 184 25 | 10 6 6 20 ok ok 10.0121] ok | shortcolumn axial
12900 | 900 | 3600 669.7 23103 516 6557 1026] 25 | 10 6 6 20 ok ok ]0.0121| ok | shortcolumn beam

131900 | 900 | 3600 | 9064.01 8582 27416 3531 10753 25 | 10
14 900 | 900 | 3600 | 278.99 73.27 209.82 2408 5201 25 | 10
15 900 | 900 | 3600 | 713.53 233.69 15823 68.11 3712 25 | 10
16 900 | 900 | 3600 | 862946 24625 22258 7934 9264 25 | 10
17900 | 900 | 3300 | 8633.93 206.81 26.81 9396 4159 25 | 10
18 900 | 900 | 3300 | 589.63 2333 4671 11058 1853 25 | 10
19900 | 900 | 3300 | 7795.78 13423 20225 7373 14911 25 | 10
20 900 | 900 | 3300 | 8155.7 109.88 20328 2326 3023 25 | 10
21 900 | 900 | 3300 | 61556 246.93 11921 1182 4808 25 | 10
22900 | 900 | 3300 | 7402.81 287.05 26522 14443 137.75| 25 | 10
23 900 | 900 | 3300 | 7902.95 213.62 3294 10752 3567 25 | 10
24 900 | 900 | 3300 | 53344 24446 4607 12656 2132 25 | 10
25900 | 900 | 3300 | 7166.94 14933 20539 8486 15831 25 | 10
26 900 | 900 | 3300 | 7455.65 131.56 230.88  26.76 229 25 | 10
27900 | 900 | 3300 | 549.03 260.71 117.79 13657 54.94| 25 | 10
28 900 | 900 | 3300 | 6804.89 307.8 26852 16561 14554| 25 | 10
29 900 | 900 | 3300 | 7168.17 216.35 2629 1157 26.85 25 | 10
30 900 | 900 | 3300 | 47252 250.53 4548 136.84 2323 25 | 10
31900 | 900 | 3300 | 6532.99 15819 201.16 92.06 16241 25 | 10
32 900 | 900 | 3300 | 6757.08 146.55 24922 2832 1236 25 | 10
33[ 900 | 900 | 3300 | 7082.91 27554 22917 1157 2685 25 | 10

20 ok ok |0.0121| ok | shortcolumn axial
20 ok ok |0.0121| ok | shortcolumn beam
20 ok ok |0.0121 ok | short column beam
20 ok ok ]0.0121| ok | shortcolumn axial
20 ok ok |0.0121 ok | short column axial
20 ok ok |0.0121 ok | short column beam
20 ok ok ]0.0121| ok | shortcolumn axial
20 ok ok |0.0121 ok | short column axial
20 ok ok |0.0121 ok | short column beam
20 ok ok ]0.0121| ok | shortcolumn axial
20 ok ok |0.0121 ok | short column axial
20 ok ok |0.0121 ok | short column beam
20 ok ok ]0.0121| ok | shortcolumn axial
20 ok ok |0.0121 ok | short column axial
20 ok ok |0.0121 ok | short column beam
20 ok ok ]0.0121| ok | shortcolumn axial
20 ok ok |0.0121 ok | short column axial
20 ok ok |0.0121 ok | short column beam
20 ok ok ]0.0121| ok | shortcolumn axial
20 ok ok |0.0121 ok | short column axial
20 ok ok |0.0121 ok | short column axial

[ RN AR s> s AR R RN AR RN RN AR RN RN AR Y N RN QRN Hap R Na ) MR ss)
D|H D DH|DH O DH|DH DO DH|DHDHDH|H DD OGO

shear design
s (used) | check sec

short column axial 1.268 ok 200 ok
short column beam 3.899 17.461 3.187 ok 200 ok
short column axial 1.406 ok 200 ok
short column beam 12.296 4.294 3.182 ok 200 ok
short column beam 3.855 5.694 2.298 ok 200 ok
short column axial 1.477 ok 200 ok
short column axial 1.477 ok 200 ok
short column beam 3.861 19.289 3.217 ok 200 ok
| short column axial 1.635 ok 200 ok
short column axial 1.563 ok 200 ok
short column beam 3.648 7.558 2.46 ok 200 ok
short column axial 1.722 ok 200 ok
short column axial 1.613 ok 200 ok
short column beam 3.685 19.557 3.101 ok 200 ok
short column axial 1.779 ok 200 ok
short column axial 1.71 ok 200 ok
short column beam 3.455 7.649 2.38 ok 200 ok
short column axial 1.874 ok 200 ok
short column axial 1.779 ok 200 ok
short column beam 3.596 19.81 3.043 ok 200 ok
short column axial 1.952 ok 200 ok
short column axial 1.887 ok 200 ok
short column axial 1.8 ok 200 ok
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(0] F Q R S | U
20 ok ok |0.0121 ok | short column axial

C 0] E F G H | J K L
900 | 900 | 3300 | 6207.16 319.82 262.96 17943 14792 25 | 10

900 | 900 | 3300 | 6437.08 21355 23.81 11887 2135 25 | 10 20 ok ok ]0.0121] ok | shortcolumn axial

900 | 900 | 3300 | 407.09 25168 4469 1424 2431 26 | 10 20 ok ok ]0.0121] ok | shortcolumn beam

900 | 900 | 3300 | 5882.23 164.44 288.17 9708 16521 25 | 10 20 ok ok [0.0121| ok | shortcolumn axial

900 | 900 | 3300 | 6073.07 156.97 262.03  27.89 561 25 | 10 20 ok ok ]0.0121] ok | shortcolumn axial

900 | 900 | 3300 | €351.82 207.86 2386 11887 21.35 25 | 10 20 ok ok ]0.0121| ok | shortcolumn axial

900 | 900 | 3300 | 560348 3263 250.27 188.06 14947 25 | 10 20 ok ok ]0.0121] ok | shortcolumn axial

900 | 900 | 3300 [5709.65]207.83 | 21.26 | 1189 [ 1695 | 25 [ 10 20 ok ok ]0.0121] ok | shortcolumn axial

900 | 900 | 3300 | 34156 24984 43.92 14475 2491 25 | 10 20 ok ok ]0.0121] ok | shortcolumn beam

900 | 900 | 3300 | 52225 168.32 284.04 10036 166.35) 25 | 10 20 ok ok ]0.0121] ok | shortcolumn axial

900 | 900 | 3300 | 5396.71 163.84 270.16 2635 024 25 | 10 20 ok ok [0.0121| ok | shortcolumn axial

900 | 900 | 3300 | 5624.39 31158 243.98 1189 1685 25 | 10 20 ok ok ]0.0121] ok | shortcolumn axial

900 | 900 | 3300 | 4994.81 328.73 254.77 19291 14964 25 | 10 20 ok ok ]0.0121| ok | shortcolumn axial

900 | 900 | 3300 | 4984.33 2001 2042 11689 1447 25 | 10 20 ok ok ]0.0121] ok | shortcolumn axial

900 | 900 | 3300 | 279.37 24596 4288 1451 24098 25 | 10 20 ok ok ]0.0121] ok | shortcolumn beam

900 | 900 | 3300 4563 17043 279.08 10225 166.23) 25 | 10 20 ok ok ]0.0121] ok | shortcolumn axial

900 | 900 | 3300 | 4719.41 168.03 274.54  23.92 285 25 | 10 20 ok ok ]0.0121] ok | shortcolumn axial

900 | 900 | 3300 | 4899.08 31945 246.35 11689 1447 25 | 10 20 ok ok [0.0121| ok | shortcolumn axial

900 | 900 | 3300 | 4383.33 32831 249.83 19521 14891 25 | 10 20 ok ok ]0.0121] ok | shortcolumn axial

900 | 900 | 3300 | 4261.08 19117 19.08 11397 1057 25 | 10 20 ok ok ]0.0121| ok | shortcolumn axial

900 | 900 | 3300 | 22087 240.1 4212 14377 2553 25 | 10 20 ok ok ]0.0121] ok | shortcolumn beam

900 | 900 | 3300 | 390541 1715 273.56 10379 16592 25 | 10 20 ok ok ]0.0121] ok | shortcolumn axial

900 | 900 | 3300 | 4040.14 17181 27821 2202 7211 25 | 10 20 ok ok ]0.0121] ok | shortcolumn axial

900 | 900 | 3300 | 4175.83 32363 2482 11397 1057 25 | 10 20 ok ok ]0.0121] ok | shortcolumn axial

900 | 900 | 3300 | 3769.72 32539 244.77 19573 148.14] 25 | 10 20 ok ok [0.0121| ok | shortcolumn axial

M AR | TN W A e | 1N | e | A | A LA | N U | A | e | U [N e | R U | N U | U | e

dD(mm (MmO MmO OO M| O M| MDD =
D)D) (DDA DR[| DD DD D =2

900 | 900 | 3300 | 3539.87 176.36 26.92 10492 1831 26 | 10 20 ok ok ]0.0121] ok | shortcolumn axial

short column axial 2.054 ok 200 ok
short column axial 1.981 ok 200 ok
short column beam 3.579 20.161 3.04 ok 200 ok
short column axial 2.168 ok 200 ok
| short column axial 2.099 ok 200 ok
short column axial 2.007 ok 200 ok
short column axial 2.275 ok 200 ok
short column axial 2.233 ok 200 ok
short column beam 3.606 20.514 3.067 ok 200 ok
short column axial 2.441 ok 200 ok
short column axial 2.363 ok 200 ok
short column axial 2.267 ok 200 ok
short column axial 2.553 ok 200 ok
short column axial 2.558 ok 200 ok
short column beam 3.663 21.012 3.119 ok 200 ok
short column axial 2.794 ok 200 ok
short column axial 2.702 ok 200 ok
short column axial 2.603 ok 200 ok
short column axial 2.909 ok 200 ok
short column axial 2.992 ok 200 ok
short column beam 3.752 21.391 3.192 ok 200 ok
short column axial 3.265 ok 200 ok
short column axial 3.156 ok 200 ok
short column axial 3.054 ok 200 ok
short column axial 3.383 ok 200 ok
short column axial 3.602 ok 200 ok
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%) 9] E r G ul | J K L Y] N 9] F W K o | U
9| 900 | 900 | 3300 | 3539.87 17636 2692 10492 1831 25 | 10 6 6 20 ok ok [00121| ok | shortcolumn axial
0| 900 | 900 | 3300 | 16674 2309 3863 139.37 2261 25 | 10 6 6 20 ok ok [00121| ok | shortcolumn beam
1/ 900 | 900 | 3300 | 32497 169.05 26449 10141 161.04] 25 | 10 6 6 20 ok ok [00121| ok | shortcolumn axial
2| 900 900 | 3300 3366.3 203.3 27061 36.34 122 25 10 6 6 20 ok ok 0.0121 ok short column axial
3 900 900 | 3300 | 345461 31786 24124 10492 18.31| 25 10 6 6 20 ok ok 0.0121 ok short column | beam-column
4 900 900 | 3300 | 315357 318.05 236.88 19195 143.79| 25 10 6 6 20 ok ok 0.0121 ok short column | beam-column
5| 900 | 900 | 3300 | 284821 15549 4257 90 17.74] 25 | 10 6 6 20 ok ok |00121| ok | shortcolumn axial
8| 900 | 900 | 3300 1493 2164 3233 13484 2191] 25 | 10 6 6 20 ok ok |00121| ok | shortcolumn beam
7| 900 | 900 | 3300 | 260048 162.04 24942  100.1 157.02| 25 | 10 6 6 20 ok ok |00121| ok |shortcolumn| beam-column
8| 900 | 900 | 3300 | 2673.34 168.78 271.06 1123  0.75] 25 | 10 6 6 20 ok ok |00121| ok | shortcolumn| beam-column
9| 900 | 900 | 3300 | 2762.96 318.41 240.48 90  17.74] 25 | 10 6 6 20 ok ok |00121| ok | shortcolumn| beam-column
0| 900 | 900 | 3300 | 2510.87 303.2 22398 187.87 140.03| 25 | 10 6 6 20 ok ok |00121| ok | shortcolumn| beam-column
1900 | 900 | 3300 | 21289 151.15 2766 96.38 1351] 25 | 10 6 6 20 ok ok |00121| ok | shortcolumn axial
2| 900 | 900 | 3300 | 101.81 | 209.22 | 36.93 | 132.76 | 24.16 | 25 | 10 6 6 20 ok ok |00121| ok | shortcolumn beam
3| 900 | 900 | 3300 | 1950.38 | 166.65 | 254.09 | 103.08 | 163.02 | 25 | 10 6 6 20 ok ok |00121| ok | shortcolumn beam
4| 900 | 900 | 3300 | 1986.6 | 173.73 | 284.85| 1093 | 403 | 25 | 10 6 6 20 ok ok |00121| ok | shortcolumn beam
5| 900 | 900 | 3300 | 2044.65 | 322.58 | 253.19| 96.38 | 1351 | 25 | 10 6 6 20 ok ok |00121| ok | shortcolumn beam
5| 900 | 900 | 3300 | 1892.34 | 300.35 | 227.9 | 18853 | 14547 | 25 | 10 6 6 20 ok ok 00121 ok | shortcolumn beam
7| 900 | 900 | 3300 | 141547 | 131.63 | 28.72 | 8397 | 767 | 25 | 10 6 6 20 ok ok 00121 ok | shortcolumn beam
8| 900 | 900 | 3300 | 59.45 | 1882 | 3152 | 11556 | 2009 | 25 | 10 6 6 20 ok ok 00121 ok | shortcolumn beam
9| 900 | 900 | 3300 | 1301.02 | 152.71 | 227.74 | 89.76 | 13433 | 25 | 10 6 6 20 ok ok 00121 ok | shortcolumn beam
0| 900 | 900 | 3300 | 1299.11 | 143.56 | 215.72| 96 759 | 25 | 10 6 6 20 ok ok 00121 ok | shortcolumn beam
1900 | 900 | 3300 | 1330.21 | 268.38 | 189.16 | 83.97 | 767 | 25 | 10 6 6 20 ok ok 00121 ok | shortcolumn beam
2| 900 | 900 | 3300 | 1269.92 | 273.43 | 203.99 | 164.13 | 119.06 | 25 | 10 6 6 20 ok ok 00121 ok | shortcolumn beam
3| 900 | 900 | 3300 | 708.57 | 137.72 | 53.74 | 102.94 | 4027 | 25 | 10 6 6 20 ok ok 00121 ok | shortcolumn beam
4| 900 | 900 | 3300 | 21.01 | 215.95| 38.44 | 16262 | 3053 | 25 | 10 6 6 20 ok ok 00121 ok | shortcolumn beam
I U v vV A Y Z AA
) short column axial 3.602 ok 200 ok
) short column beam 3.902 23.323 3.342 ok 200 ok
short column axial 3.924 ok 200 ok
' short column axial 3.788 ok 200 ok
i short column | beam-column 2.439 2.439 ok 200 ok
short column | beam-column 12.436 12.436 ok 200 ok
v short column axial 4477 ok 200 ok
i | short column beam 4.169 27.868 3.626 ok 200 ok
" short column | beam-column 4 574 4 574 ok 200 ok
i short column | beam-column 4.388 4.388 ok 200 ok
I short column | beam-column -1.999 -1.999 not ok 200 ok
)} short column | beam-column 4.4486 4. 4486 ok 200 ok
short column axial 5987 ok 200 ok
' short column beam 4. 306 24.397 3.66 ok 200 ok
i short column beam 5.406 3.545 2.141 ok 200 ok
short column beam 5.186 3.163 1.964 ok 200 ok
v short column beam 2.793 3.558 1.564 ok 200 ok
i short column beam 2.999 3.953 1.705 ok 200 ok
" short column beam 6.844 30.316 5584 ok 200 ok
i short column bheam 4,787 28.585 4.1 ok 200 ok
I short column beam 59 3.956 2.368 ok 200 ok
) short column beam 6.276 4176 2.507 ok 200 ok
short column beam 3.357 4763 1.969 ok 200 ok
' short column beam 3.295 4416 1.887 ok 200 ok
v short column bheam 6.542 16.765 4.705 ok 200 ok
short column beam 4172 23.439 3.541 ok 200 ok
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dalal) 4 jad) i jUaY) aladicd Jlaa @
dalil) da jad) il JUaY) aladind Ag Ll johil)  w
s3a aladiu) S ( Blume al et. 1961) 1960 ale M sa sasiall Y ol 85 50 JsY palall el mluall il A0l Y o seia el
(Uniform Building akisall elidl 258 o 30 VAVY ale b aecadl) LY Gutigall Slginl ) ol S8 aa gl @lly 3l jUaY)
(Regions of Highest) 4l 401 3150 shlial 4 dalall @l jUB0 aed) cllliall 5 bl Jualss alaaiul,Code ICBO 1973)
.Seismicity
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(Transfer reinforcement) Jall & ol mdodll o
Al Al (39 sk 2o Aalaal) LIS aladiud (e s s yall Calaal) Al oia el adaital) JlS (Hoop )&alall lISH 1 ) slud) (3 ks
Ja & (Lap Splices) =Sl @lias jan 5 il Al 5 mludill Glucad G Glulall Gauad 5 ccaiadll aua 4 shall Gluzill 3
(ol e glie i L o 5h Al S (B ks s dalas e Stirrups § 5 (e s sale () 5SE ail) daglia 5 cladsa

’._ h, _..‘ (150 mm)
, - |- 554 6d,
di4 s<dR

W {fM
- |- <

<(50 mm) —»|ja— (100 mm)
I | f
- o h
| . | | '
/ I 1 I‘ 1
- Hoops [ _ Hoops @ lap splice
\—- along 24, - Stirrups with seismic hooks

5 26l A geud (Hoops) daladl) Y A UPRNAN (Crossties) JSL&ll 5 (Stirrups) 4dlaall e By MY PNRE R PEN | g W Jeady
SN S o 5 m 5 3l b 551 ol 5 st el 50 (5 ) gy LY

oudil 3audall g auliiel! JSLiW 907 mls SlaSall 5955 ol wany
il aladal Gle duuslaie Slgas Jedal! auludll Hluad
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Laldl) daajal) @i JUaY) gt (ACH 318-19) Susa¥) 398 cilullaia @

18.6—Beams of special moment frames daldl) dua jad) il jUaY) <l jaS - 18.6

18.6.2 Dimensional limits

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

(a) Clear span ¢nshall be at least 4d

(b) Width bwshall be at least the lesser of 0.3h 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 c2 and

0.75c1.

da ) 353 18.6.2

() & () o eSO 22518.6.2.1

4d Y e dlall a5 of sy

255 0.30 e S bw sl 0S8 o ey

C10.75 5 C2 0o il e IS e a1l 3 ganll (i pe 7l Al 5 580 im e sbaty Y1

Transverse reinforcement through ~ Not greater than the smaller
Ithe golurnn to .conflne beam ) > of ¢, and 0.75 ¢
Direction of ongitudinal reinforcement passing g

analysis outside the column core R J _ “ e

g D)
A A
t e !
Section A-A
Fig. R18.6.2—Maximum effective width of wide beam and
Plan required transverse reinforcement.
18.6.3 Longitudinal reinforcement bl maladl) 18.6.3

18.6.3.1 Beams shall have at least two continuous bars at both top and bottom faces. At any section, for top as well as for bottom
reinforcement, the amount of reinforcement shall be at least that required by 9.6.1.2, and the reinforcement ratio p shall not exceed

0.025 for Grade 420 reinforcement and 0.02 for Grade 550 reinforcement.

gealacl) QS5 (g glall prdocill danaily cadaia g (A, Jindl 5 (g slall g V) (8 JBY) e cplal s i (ol a8 (6 gint o 223 18.6.3.1
.0.025 g el das 153 Y 059.6.1.2 Lealkay I JBY) e bl 4SS5 o g ¢ il
18.6.3.2 Positive moment strength at joint face shall be at least one-half the negative moment strength provided at that face of the
joint. Both the negative and the positive moment strength at any section along member length shall be at least one-fourth the
maximum moment strength provided at face of either joint.

Ao glia ()5S O cang Liay) 3l i die i) a3l e gl Ciuai (e i YT Cang 5l s g e o sl 2 3l A 5lie 18.6.3.2
.’635.995814;‘5951.\.'\:;d}mﬂ\e‘}d\h‘gﬁa@_)dﬁy\&cgjw)@d\d)kécaugiﬁcQSM\JQ;}A\(.‘},J\
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18.6.3.3 Lap splices of deformed longitudinal reinforcement shall be permitted if hoop or spiral reinforcement is provided over the

lap length. Spacing of the transverse reinforcement 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 (c):

(a) Within the joints

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

(c) Within a distance of twice the heam depth from critical sections where flexural yielding is likely to occur as a result of lateral

displacements beyond the elastic range of behavior

350 Yy Jalaill Jgb e g lal) bl ) 3 gkl 858 313 ¢ slaall gkl il (e Ala1aiall o m 5y ans 18.6.3.3

0o @l sall (b J1a) 0la 58 aladiuly e Y anl0 5 d / 4 e JEY) J203 Joa il Ll Blaall o jal) alidll g el

() < ()

daaliall Jala (1)

daaiall g 5 40 B a8l Bac (sa (pinia dilss Gaua ()

ALl e dey ) Aanlal ) 530 Aait clini¥) g sind Gy (o eyl (g0 Cam B ) @dalial) (e 8 3aSl) (e (g (s Biloss (paria ()
ol

18.6.4 Transverse reinforcement e il 18.6.4

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 column 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.

3l (e Al shaliall 8 (HoopS) 3l skl 1 53 02 18.6.4.1

a8l sk e aall Caaia gadaclall 3 sanl) gan s (e Anliall 3 Sl (Bae Cinia (g s Jsha e ()

Jlae 20 Le ) Ailall A 330 A sliniY) @ guind aany Of e all o G haiall il e 8 5aS Ghae (e (el A slase JIshl e ()
el L)

6d, extension —,

Crosstie as defined in 25.3.5—
; Detail B \I
_—6dpyz75mm .

extension < ___

Consecutive crossties
engaging the same
longitudinal bars have
their 90-degree hooks on
opposite sides —,

L Detail C

{ Maximum spacing
between bars
restrained by legs
of crossties or
hoops = 350 mm

Fig. R18.6.4— Examples of overlapping hoops and illustra-
tion of lmir on maximum hovizontal spacing of supported
longitudinal bars.

[261]




sl 3 a3 Lyt A Al 1 gaell Gl s esaS gl

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 flexural
reinforcing bars shall not exceed 350 mm. Skin reinforcement required by 9.7.2.3 need not be laterally supported.

(5 ils ped il Taaal) an gl g 2l ) A1 A phall A )1 pealucl) Ll 055 O ang ¢ A st 31 5haY) (555 Latic 18.6.4.2
dublaxil el rling Y 350 MM, eSe (S dasedall slin¥) ket #land (20l 5ty ¥ 2y 25.7.2.4 . 525.7.2.3 1
(e ae 197,23 (e 4y glladll

18.6.4.3 Hoops in beams shall be permitted to be made up of two pieces of reinforcement: a stirrup having seismic hooks at both
ends and closed by a crosstie. Consecutive crossties engaging the same longitudinal bar shall have their 90-degree hooks at opposite
sides of the flexural member. If the longitudinal reinforcing bars secured by the crossties are confined by a slab on only one side of

the beam, the 90-degree hooks of the crossties shall be placed on that side.

o) g2 3l 5 Gl yhall DS 8 A 515 liSe elliag LIS smladl) (ga (el (e Dl Sl (830 g gall (31 5RY) Jany ey 18.6.4.3
CalS 13, eliai¥) yeaial AL (i) sl s 5090 LR Y shall ol i & i ) AU S g0 (5 6% o s T
sl \.\A‘;‘L:*A)Jgoughuscd&eﬁ:\s"é)&\wjassh\}g_u\;éc&Mﬁ)wh\j}w\@#\@l&d\cmi

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 (d):

(a) d/4

(b) 150 mm

(c) For Grade 420, 6ds»of the smallest primary flexural reinforcing bar excluding longitudinal skin reinforcement.
(d) For Grade 550, 5d» of the smallest primary flexural reinforcing bar excluding longitudinal skin reinforcement
required.

(2) S (1) oo Y1 )l el slaty Wi iy aclal) 3 gl s 5 (0 me50 iS) Ailisa e J Y1 G5kl 0580 YT 23 18.6.4.4
d/i4 ()

10 (D)

LYY, 7 A st dalaaill dghal) bl oLiinly o 5l oliniD el syl (008 Y 0 ¢y & seind algals zalis waal (77)

18.6.4.5 Where hoops are required, they shall be designed to resist shear according to 18.6.5.

18.6.5.- 88 5 (aill da gl Lparanai 2ty ¢ 4 sllas (3) gla¥) () <3 Laic 18.6.4.5

18.6.4.6 Where hoops are not required, stirrups with seismic hooks at both ends shall be spaced at a distance not more than d/2

throughout the length of the beam.

d/2 e 23 Y Al Lo (o hll S xie 4 3] ) lilad @) CUISH aca s cang o3 sb I dala @llia (4S5 Y Laxic 18.6.4.6
SaSl Jsha I
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18.6.4.7 In beams having factored axial compressive force exceeding Agfc'/10, hoops satisfying 18.7.5.2 through 18.7.5.4 shall be

provided along lengths given in 18.6.4.1. Along the remaining length, hoops satisfying 18.7.5.2 shall have spacing s not exceeding
the least of 150 mm, 6db of the smallest Grade 420 enclosed longitudinal beam bar, and 5db of the smallest Grade 550 enclosed
longitudinal beam bar. Where concrete cover over transverse reinforcement exceeds 100 mm, additional transverse reinforcement

having cover not exceeding 100 mm and spacing not exceeding 300 mm shall be provided.

e 18.7.5.4 2 18.7.5.2 (i ) 3 shal b 55y Agfic’/10¢ Jslatiodean iy saadornin b 8 Led Al ) )eSll ,318.6.4.7
Cilaal & e 23 Y il e 18.7.5.2 A sind (il GlshY) 05S5 Of can ¢ il Johll e 18.6.4.1. 8 anall Jshl
Y hal oo mld s 100mm eaoal bl yie Sl all slaall §5lai¥ dua 150 mm 38U 4 ghall #LuY) Jaal ks

.mm 300 Jslas ¥ Al 5ok 5 100Mm o 28

18.6.5 Shear strength oalll daglia 18.6.5

18.6.5.1 The design shear force Ve shall be calculated from consideration of the forces on the portion of the beam between faces of
the joints. It shall be assumed that moments of opposite sign corresponding to probable flexural strength, Mopr, act at the joint faces

and that the beam is loaded with the factored gravity and vertical earthquake loads along its span.
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Columns of Special Moment Resisting Frames 4—al3) < byl 31 cf

(Flexural Behavior of Sections with Axial Load ) b saa ddeaal) ahaliall dUady) ol o
ool a5 cqmalacill ypan s Al A ol ga ailad s ¢ edaall JSE o daiad 3 ganll u il 5 a5l o A8l G ¢ suinll S LS
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/é } Strain profile

Axial load, P
Axial load, P

controlled

Tension- Compression-

controlled

/Momem, M N

Curvature, ¢
(a) (b)

Internal strains and corresponding axial load, moment, and curvature in a column
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I‘(zsa mmT] | 254 mm)’] Notes: No. 13 bars longitudinal (dia. = 0.5 in, 13 mm)
— 7 . f, =51 ksi (352 MPa)
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(c) Section A-A
A B B
(a) Tied column (b) Spiral reinforced column (d) Section B-B
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i aall (5 68l @JMY\LJ&AJL;JJH\ mludl) =
O s ¢ (weak beam — strong column )cs 8 2 see — Ciza yus A1 ) J e sl ol S 3 4 Sl doalll Jualial) ads Jal o0
Laraaill o jall g sane 35S O B18ACH (S a¥) el 358 by Caanall 13l 5 ) susall e Lini¥) Ao gl Baae S cliniW) A slia )y slai
Bkl il ol 5aSl dpasanaill o5 3all ¢ sana o 20% Ay S) 320
To force the plastic hinges in the beams to achieve a weak beam-strong column mechanism, the flexural strength of the
columns must exceed the flexural strength of the beams. For this reason, ACI 318 requires that the summation of the

design moments of columns be 20 percent larger than the summation of the design moments of the girders meeting at
the same joint.
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Gaoall oladly aly3syl slaasall olasly aly3a¥)

6
ZMnc = (g)zMnb

- MP + M2t = 1.2(MP + MBSt

> M = sum of nominal flexural strengths of columns framing into the join
> M = sum of nominal flexural strengths of the beams framing into the join
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(a) Desirable plastic mechanisms
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(b) Undesirable plastic mechanisms

LAl Joaliall JS23 ¥l 1(10) JS2D

Nodes Failure 8l jLgd) o
dalail 2336 1) el gl Jalail Capiad a3 Cua cagee yila baie (8 Ll s

el Jant 3,08 Calaia) ) (595 45Y guind ay g (11-a) JSA saiall ga sl sl cUasll Ak oS5
8 Ol g J pan g Aa il A dasia ) (535 Y gind Cany 5 (11-h) Sl aial) Jals el olacad ol ) Jlgd)  m
.BJS.!J\ 3.3)...4@ )...\L.ALJ& d}A} ‘_A“ ‘5)3..3 &L\]L_s ‘52.43‘.3 K]
&b 2ai s ) sam @Y qind a5 sl paill e il a5 (11-C) JSEN (o okl 28l BaEall Q8 L)
Adlall b g gl
v B~
exposed -[ | lecal

Lbars rotation

S P [L__

Iuclal
rotation

i
(a) (b) (c)

L0505 Juantih e Amlicall Al o LYY i L M (11 )JS20

—
when
load
reverses

[275]



sl 3 03 Losaa A Al 1 gaell Gl s esaS gl

(failure Strut and Tie model for joint) uealll o < UaY) dde L) ciua ¢ 8 il g 1) zigal @
Strut and)  (Tie Jasall 5 28l 23 00 coay (A Culaiill JC& 73 galy Cana g (alll o Hila - 2gee saie Jala jLgdYI A1
ealing 3 gl 3 IO (g0 ALY pualiall 8 La ) (g g8l) i o G e lail) e S Lt ) AS0Sd) a4 smodel
(1)JSal = 1 LS (Nodal Zones) dutie (shlia lpcars aa Sl (Strut) dda siae (s A0 5 (Tie) 325250

Boundary

Interior strut
strut —\ 1 7 1
f

4

k_/ LY iﬂ
T \—Tie Nodal zone T

Fig. R23.2. [—Description of strut-and-tie model.

Akl (318 lEds iy Lae (13) JRGI A LS 8aall 8 Jasi Jis IS0 ¢ s - 3 gae 3ade JA)) hanall 5 28] 23 0 (adly
LUl s Llad ) saie 8 (310 LA s (2) JSE e 5 Al

|8
C, EE by Bond stress on
I Joint bound T,+C,~F, renforcement
oin
o (77 HH ol f oGt
£ e Ve ) RO
+C=
Es.': N =PI‘O C‘a > — “‘:“ i Sl gl )
H S |- Diagonal
! \ ) % compression
(" ‘9 ORgoRr by < strut
v, i e V. L Tension ties
T l \ ® strut A
-—

-
f_ﬁ
i)

E T,+C(-Fy
C | = bl

(a) Interior joint showing external actions (b) Diagonal strut mechanism (<) Truss mechanism

)
G [ Column/joint hoops Bond stress on
/_ s i T,+C,~F, reinforcement
n y
lcs V.. 1)' Mk‘ \ ‘ fT,-c,—r,,
€0 3 P

Fo ’l .~ ’o

Potential
g failure — —
# \ . surface =—— \Q\\ L b1 Diagonal
L \ B b| compression
< ) Diagonal F . h|  strut
COMPrEssIon \ ¢ 7s (]
Yy Strut ——"] v N\ ' ) Yensiones
C, C,~F,
= Fo llEq S
e - A
b ] - °. I
i<
N
(3) Interior joint showing external actions (b) Diagonal strut mechanism (<) Truss mechanism

30355 Al ey Ul e (G k) Saie e i e 3 Sl o(13) JS2

[276]



sl 3 03 Losaa A Al 1 gaell Gl s esaS gl

*\rc 2T

\ ff-]
h {.' T "?l .
o LY I

1/ Y 1= ':c C=

l“‘h ”L” ||'[ Max. shear force

b4 =TV
G::

saall Jals 20 G il bl 2205 4820 K2

Ay o sas) A LAY 5 48Y) 40301 5 58 aladia (pe gl 5 5a8l) 31 53 A el o L) caiadl g sl G slhaall 38Y) (il Cavsy
e (sl sl s o3 ganl) 5 ilall adaie (ge 338l o ddaall A LA (6 8l Qs e Aadll) (i) apenaly sleial) ¢ jall A gaga s
k) i o 0l B g8l 4 sle Baiad) 85k aaf e el 8 bkl 548 Gl el 84 ) sma s 835

!

rotation

diagonal
/ shear crack

flexural crack
at beam end

hoop and axial force in

column restrain the l TTtﬁT diagonal strut

expansion of joint
panel

rotation
Sl 3 el ey 5 el g o(15) S8

(2771



sl 3 03 Losaa A Al 1 gaell Gl s esaS gl
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Baiall Sl 5 s le BSIA sl JIB SIA sell

-Point of Contra —asiY) » 3 plaas) :\.Ls.s) clay) ddaail P NP TEN T 3 ganll gla ) Cualia e c‘;c}.'d\ Gkl dal o
roh LS 2 ganll 8 adl) Caens (flexure

1 h.
Veor = l_ [(MprA + MprB) + (Vez2a + VelB)?
c

_)AJ\?“AJ\LLM(»&J&‘)LL)QLﬂh_g(aj‘)ﬂ\m_)j\};j\@Mu\h@‘;ﬂ\ﬂ\ﬂ.@\uAVJbw\@uaﬂ\‘;sd},\aﬂ\(;\g
oLl M“;LASBM\ tbém

T = 1.25A.f;
- ﬁ Cor=Tpe
A,
—— e o
V=T, +T%- Vu
Co=T, 0 Th = 1.254l,
L i |
—
Vool

< (Required Joint Shear Strength) sasxll 2 ;3 (il 4 5l

V}' = Tpr + Tér —Veor
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(Size the Connection for Joint Shear Demands) saiall (adl) ciludliia cuway dlia gl alag) yass
sl e DU A slaall JAY) e 3 ghise Dpapanaitll A sliall ) 585 o cany
OV, =V, , % =085

283l Vi pansY) e slial) Jaas
V, = 0.0834/f.'4; MPa

SYALLY! g seall olad!
wadll sulgal!
Dwrection of forces/
displacements :
generating shear

daiel) dlledal! dalusl

[N~ ENoctve j0int area

1

b, =min((h,),(b, +h,).(b, +2x)]
A =b,h,
scUaa S
Aganll dila ) 3l ga s e Gtieall Ga sreal) aad) dadx 2 Ol gal) e pase Y B2 ol e
i) bl oladl JS 8 6 8l Jal (e Juadia (S5 3082l Alladll dalisl) HlieV) cppes 33V Cny i}

(Reinforcement Develop Beam and Column Longitudinal) 8:s¥)g jisall ¢sa J<! A ghll pulodl) jbg5
Db gy Cam dgalad) Al 3 Jal (50200 YT e Gt lall skl mealuill (551 sall 3 geall 32y 0585 oF ACH 318 258 callaty
Ll 8 axdiead) sl ol
&b padiaall sl bl by Cus Agalall Bles AN Jal (e 200 Y Gle Gsbie el Gae 0585 GLACI 352 358 aty

J}Aﬂ\
> 20d,
No. 4 (13) (N ) 12No. 9 (29)~
Hoops @
4 inches (100 mm) . 5 No. 8 (25) S No. 8 (25} 5 No. 8 (25)

T 3

LEJ

A A
- -
B A N T No.4(13)
Hoops @
4 inches
(100 mm)
12 No. 9 (29)
5 No. 8 (25)
3 No. 8 (25) 3 No. 8 (25)
Plan view of connection Elevation
(Top beam bars) (Section A-A)
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olaily Aall (3 e of s (Standard Hook) 4aelas 4€ay 3361l xie el skl mdudll Sale gy ddaa JAY 3aad) ol e
4 e Aplal) Al Jal) dad (e dgaldai® 90 diSe ae 45 jlaall (lacalll 28l e elu Y1 Jsha (35S Of cang 338l (ee Chialiia
A Asbaally o 53 J5kal) 5150 mm s8db (e J sk

lan = fydp/(54M/f.") MPa

>L, |

’ 14 No. 9 (29)

(<]
_‘?__
B

14 No. 9 (29) [N} 8No. 9(29)

T\
i
{1

:

%
| -
iIr

TITE

No. 5 (16) and
No. 4 (13) Hoops @
4 inches (100 mm)

o Ul Uall UgP R

LIl |

\ o) | LS
No.4(H No. 508 6No. 1032 | H
Hoops @ Hoops @ ks B
4 inches (100 mm) 4 inches (100 mm) i \ 4 No. 9(29)
Plan view of connection _.l Elevation
(Top beam bars) <2 inches (50 mm) (Section A-A)

(Provide joint confinement) Wgiighiy sa8al) uas o
bl iyl e el Adhaie & Al Al Lulia U ghat 3a8al)l A (ge 836all (il (5 g5 2 ganll By ) gaal) (5 g8l Jlam) allaty
Lol 13 aaty s 0OV N A slie cilillaie 1) A8LaYU ¢ aladl el () sl Aalall clalbaiall i jall plol) Biay o an, a el

Loalall HUR & Sl 3aae Y1y 35 sal) e JSI(ACT 3180)2 58N (85 )SAal oam jall eabucl) Jaualiy ) 53N

( Provide Adequate Strength and Detailing in Columns) 33as%) & dulia Jualdig daglia b5i o
(Type) Sl & sl (e a5l dually

Led Caamy ) saee )l <l YT (685 oY sl i) o 350 sall a3l e slia 3 el o all Aa gl sl Gl cany @
b g Uil o 5l Ao sladd Alia ppenad lillaie ) (35 g2 W) eyt se e JU Ty gl A je ¢ gund
slad¥) 8 3aal) Bshaiy pean 3 aelud O (e sy Bt Jhaall @il 8 3 seall 4 shall o) Flal 0 5S
sl

Baraaall 4y ) saall 5 il ddassl g3 4 guunall Baial) Jiud g Aol 3 gandl adaliad Lpassl) o jall daslia & sane (5S5 f any @
Baial) (i vie ilad) adalial ApanY) o jal) A slia ¢ sana (a5 30, Y JEYI e

)OSl (e 2ol 5 slaty Wi iy Cumy 3 gl Gl aiaa Jga 338a1) e 33ieall A phall 3 gl ol iy o
& (OB 52 sanll ahia 33 (56 1/3 5 (MM200) Shass A Ga SV 2 ganll ) slaiall A0 ghall L) (S al
(300 MM ) Aa 52 12 (e ST il (15 ¢ b 2oLl (g (38l 5y (5301 oY)

Y1 Laruall (4a),0 A glial Ldlia) (Ties) ol sy sbsi a3 13) 528l Jals 4 glall 3 sandl laad (au) 3al3) Sy @
Aal3Y) G A gl
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Example for design Special Frame gab-a jlb) apssad e Jlioa
Design of Bame j—swa) pmimama @
0Ll 3 ) guaall (& eam gall g s sl ) 90 (883 g sl Ailans ) ) gl (50a) paanal o
Material properties:
fe =28Mpa f, = 420 Mpa & f,; = 280 Mpa W, = 25 KN/m3
Sections dimention:
Beam =40x60 cm, Column=280%x80cm, Slab thickness =30 cm
Effective depth = 60 — d;;, — dp/2 — 4(Cover) = 54 cm

Frist: Design of beam

{ACI-318-19,S: aY) 2 51 lada sl da jall i HURY) ) g dalad) illlaiall (o (3l

Dimension limits

I.  Clear span = 4200 mm > 4(deffe ) = 4*540=2160 mm ... ... ... (ACI 318 — 19 Sec18.6.2.1.a)
i.  bw> {O'3h =03+600=180mm < 300mm (ACI 318 — 19 Sec18.6.2.1.b)
250 mm
C2+15¢c1
< T TITTT e, — .6.2.1.
iii. bw< { A (ACI 318 — 19 Sec18.6.2.1. c)
300 mm < C2 + 2C2 = 3 x800= 2400 mm (OK)

300 mm <C2 + 1.5C1 =800 + 1.5%x800 = 2000 mm (OK)
ablia) o 4daial s 480 o

‘;"d\jtkid\ B )@A\L@Jua)uuaédjé,qu,%y,e} Mi&d&d\ﬁ&\@;(envempe)ﬁhﬂw\ C"L"’h‘?“
IV Jleal il e At Ulle o588

Lu{m) B{mm) H{mm) 105 Mufkn*m) mas| Wu envioup(kn) Tulkn®*m)  Torsion Type T used
214.09
116.27 Fompatibility 5.48
217.02 5.43
429
12447 Compatibility 916
1756 9.16
24538
111.32 Fompatibility 8.02
20162 202
2151
143.41 Compatibility 57
188.12 5.7
7.04
11097 Compatibility 929
20.29 929
24497
13496 Fompatibility 57
20856 57
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Check for deflection:

Romin = % = 4'2;11000 =200 mm < hyg, = 600 mm ...... Checked for deflection

Check for beam behavior:

_ (0.1 x 25 x 400 x 600)

N, =0KN <0.1f-A,; = 1000 =600 KN ........Beam behavior

sl el ypaal Aalal) cillasal

Longitudinal reinforcement:
0.25Vfc'bwd _ 0.25v/25 * 400 * 540

= 642.86 mm?
Asmin > Iy 420
1.4bwd B 1.4 x 400 * 540 — 720 )
fy 420 - et mm

Asmax = 0.025bwd = 0.025 * 400 * 540 = 5400 mm?

M‘J}hwéu\@ém&#\@hﬂ\ .A:ahe:mmﬂ
Calculation of longitudinal reinforcement:

Design for top moment for B1:

M, (top) = 214.09KN.m
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Assume (g; > 0.005 and @ = 0.9)

_ 0.85f 4 X M, _ 0.85%x25 " 1 4 % 214.09 x 10°6
p= fy 1.70f.bd? | 420 1.7 x 0.9 x 25 x 400 X 5402
= 0.005114

P = Pmin <p =0.005114 < pax ok
And since p < ppax SO it is Singly reinforcement and tension controlled

Ag = pbd = 0.005114 X 400 X 540 = 1104.6 mm?

A 11046 _
T[)(dz = 7_[*202 = (4®20mm)

7 Z
AS (provides) = 1256.637 mm2

No.bar =

Asf,  1256.637 x 420

@= 085f.b  085x25x400  0xlmm
_a_621_
~ B, o085 oMM
d, - C 540 — 73.1
£ =~ oy = 2 X 0.003 = 0.01916 > 0.005 0K s0 (8 =0.9)

a 62.1 e
oM, = Of,A; (d — E) = 0.9 x 420 X 1256.637 x (540 - T) x 1076 = 241.8 KN.m

Other calculation in table:

p As no of bargNo of bars (design;
21409 0.00510748 | 1103.21646 4 4020
217.02 0.00518137 | 11191755 4 420
4.29 0.00333333 720 3 3m20
400 500
17.56 0.00333333 720 z 3020
245 38 0.00590282 | 1275.00943 5 5®@20
2016562 0.00479437 | 103558315 4 420
2151 0.00513204 | 1108 71477 4 4020
198.12 0.00470687 | 1016.68321 4 4020
7.04 0.00333333 720 3 3m20
400 500
20.29 0.00333333 720 3 3m20
24497 0.00645385 | 133504713 & 5020
208.56 0.00496836 | 1073.16623 4 4020

Calculate transfer reinforcement for (B1)

(Mpr¥)l + (MprH)r N Wu X In
e =
In 2

, Mpr = As(1.25fy) (d — %)
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Moments for frame swaying to the right:

For 4020 Bottom b left . _As(1.25fy) 1.25x420x1119.175
or 4o ottom bars for left support, a = 0.85fch 0.85 x 25 < 400

=69.125mm

69.125

a
Mpr = As(1.25fy) (d — E) = 1119.175 x 1.25 x 420 X (540 - ) X 107¢ = 296.978 KN.m

_ As(1.25fy) _ 1.25 x 420 x 1275

For 5620 Top bars for right support, a= 0.85fcb _ 0.85x 25 x 400 =79.3mm

a 79.3
Mpr = As(1.25fy) (d - E) = 1275 x 1.25 X 420 X (540 - T) x 1076 = 334.92 KN.m

Moments for frame swaying to the left:

As(1.25fy) 1.25x420 x 1103.21
0.85fc'h  0.85 x 25 x 400

For 4920 Top bars for left support, a = = 68.14 mm

a 68.14
Mpr = As(1.25fy) (d — E) =1103.21 x 1.25 x 420 X (540 - T) X 107 = 293.03 KN.m

_ As(1.25fy) 1.25x420x1119.17

- = 69.12
0.85fc'h 0.85 x 25 x 400 i

For 4920 Bottom bars for right support,

69.125

a
Mpr = As(1.25fy) (d - E) =1119.175 X 1.25 X 420 X (540 - ) x 1076
= 296.978 KN.m
Shear force due to gravity load in left support

Wuxin (1.2WDl + 1.6WLID) x In
2 2

= 22.35 KN (From brogram analysis)

Shear force due to gravity load in right support

WuxlIn (1.2WDl+1.6WLD x In
2 N 2

=42.89 KN (From brogram analysis)
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Lu(m) B{(mm) H(mm) pos Mu(kn*m) ma Vu envioup(kn) [/ gravity(1.2d+{

2235

42 89

39.43

- \Y
Beam Position .
(gravity)
Left Y¢),0¢ £Y,A4 ¥Ye,ay Ya1,4v YEY,A.Y YAT,VAY
B1
Right Y1y, Yo YY,¥o Ya1,v4 Y4y, ¥ Y0¢,114 YV, ¢4
Left yo1,1) v, Yo¢,ve ¥V, A VYA, A0 YYA,YA
B2
Right YEV,AN YV, ¢ Yav,y YAo,4Y YoV, ¢A YAE,AAN

Check if (Vc = 0) as per ACI-318-19:
Maximum earthquake shear = 143.902 KN #» 186.792KN ... (ACI 318 — 19 Sec18.6.5.2.a)
Factored Axial B, = 0 KN < A,f;//20 = 300 KN ...... (ACI318 — 19 Sec18.6.5.2.b) » V., # 0

@Vs = Vu — @Vc = 186.792 — 150.48 = 36.312 KN
Vs =36.312/0.75 = 48.416 KN

0.66,/fc'bwd = 0.66 X V25 x 400 X 540 X 1073 = 712.8 KN > Vs = 48.416 KN ... (ACI 25.5.1.2)
Otherwise, maximum stirrups spacing shall be %or less
Required spacing for ¢10 three branches stirrups is determined as

T
A.x f.xd 3 X-%10%x 280 x 540
S: S f;y frd 4

Vs 48.416 x 1000 = 735.82mm

Maximum spacing of the hoops within a distance of 2h = 2 x 600 = 1200 mm

Shall not exceed the smallest of
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d 540
—=——=135mm < 300 mm
s<i4 4
= 6xXdb=6x%x20=120mm

150 mm

Therefore, use 13410 hoops with one crosstie at each end of the beam at 10 cm center to center with the
first hoop located at 5 cm from the face of the support.

The plastic hinge zone ends at 1.2 m from the face of support.

After the distance 1.2 m from the face of the support, use 3 branches ¢10 at Smax = 27 cm.

Calculate the development length:

fpepeps
LIAF- (%)
Use ¥, = 1.3 ( for top bar) and ¥, = 1 (for bottom bar)
Yv.=1 & Yp,<17 Ok
Y, =08 , dp < 22mm & 1=1

¢, =40 + 10 + 0.5 X 20 = 60 mm
_ ¢, =40 + 10 + 0.5 X 20 = 60 mm

Cp (top) (Min from) 0.5 X (400 — 40 x 2 — 10 X 2 — (1 X 20))
€3 = 51 N
¢, =40 + 10 + 0.5 X 20 = 60mm
¢, =40 + 10 + 0.5 X 20 = 60 mm

dp = 300mm

35mm (used)

Cb (bot.)(Min from) 0.5x (400 —40x2—-10x%x 2 — (1 x 20))
3 = = 35mm (used)
5—-1
X 102
40A, 40X 2 X 7
Ktr(top) = n = 90 < 5 =14 mm
7 X 102
40A, 40Xx2X 7
Ktr(bottom) = Sn = 90 X 5 = ldmm
cp + Kir 35+ 14
< ) = ( ) =245<25 Thenuse = 2.45
d, (to 20
p)
cp + Ky 23+ 14
( ) = ( ) =245< 2.5 Thenuse = 2.45
dp (bot.) 16

420 x 1.3 X 1 x 0.8
laceop) =

>><20=648mm >300mm  OK
1.1 X 1 X V25 X (2.45)
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l ( 420 x 1.3 X 1% 0.8 ) 0 — €48 = 300 ok
= X = m = mm
4ot T\ 1.1 x 1 x /25 x (2.45)

Rama]l Rgayell syl Y1 . oualgIlaglyll

If we needed hook use 90°

Ly = <M> dy*® > 150mm > 8d,
2301
1x1x1x1x420
lan = (

x 2015 = 326.66 mm > 8d, = 8 x 20 = 160mm
23 x 1 X V25 ) b

So use lg, = 320 mm
r =4d, =4 x 20 =80 mm

P
12d, = 12 x 20 = 240 mm !

)

\— Critical

section ! t |12d"
Total length = 320 + 80 + 240 = 640mm . |

T

1
dyNo.10 through No. 25
4.4, =65 m
5 dyy No. 29, No. 32, and No.36
6

dgNo. 43 and No. 57

£an

RI2.5—Hooked bar details for development of standard
hooks.
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Design of Column 2 g—aa) aiaia
A rectangular column ces story1 With (C80* 80 (24@25))

(and has the (following critical loads):
Pu=8006.25 KN

Muz= 248.46 KN.m Muy= 312.43KN.m Vu=120.33 KN
Material used has (fc= 30 Mpa, Fy= 420 Mpa)
Solution:
e Check Axial or beam-column action
Mz 242.46
ey=—= ————x 1000 =31 mm

pu 8006.53
and e;;;, = 0.03xh + 15 =0.03 «800 + 15 =39 mm > ey
My 312.43
= — S
pu 8006.53
ande;,;, = 0.03*h+15=0.03 800+ 15 =39mm < ez

ez * 1000 = 39.02mm

So it is not Axial Column

, (0.1 = 30 * 800 * 800)
0.1 % fc * Ag = = 1920 KN
1000

Pu=8006.53 KN >1920 KN (limit), the member must be designed as abeam column with the effect of axial load
included.
e Check slenderness

The frame is braced; this is based on previous calculation mentioned before for every story in the building, so:

klu 12M1
— <34 -
r M2

Using K =1, (as recommended to be safe)
lu=3.3-0.7=2.6 m

r = 03+h = 0.3%0.8 = 0.24m, applying in the equation:
Klu 1%2.6

where M2 is greater than M1

So:— = = 10.83m
r 0.24
Limit: 34 — 1224846 _ 54 45
312.43

We see that: 10.83 < 24.45, and therefore the column is short and slenderness ratio can be neglected.
e Calculate (eb) to know if tension controls or compression controls
Assume As =24 ¢ 25=11780.97 mm2 .

As 11780.97
Pmin =001 < p= E = 800 * 800 = 0.0184 < Pmax =0.06 ... OK
For Muz= 248.46 KN.m
Mz 242.46
ey=—= ———%1000= 31 mm

pu 8006.53

For Muy= 338 KN.m
_ My 312.43

= —=x1 = 39.02
pu=> 8006.53* 000 = 39.02mm

ez

emin=15+0.03h= 15 + 0.03 * 800 = 39 mm
since emin >€Y , emin<ez The column is unaxially loaded and in one way(My).
And Muz will be neglected.

312

FOR Muy=.43 KN.m

b= 800 mm, h= 800 mm, d’=40+12+ (25/2) = 64.5mm
d=800-64.5=735.5 mm ,d”=(800/2) — 64.5=335.5 mm

assume As = As’ = 7025 =3436.117 mm?2
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My 31243 1000 = 39.235
= — —_— %k = .
= pu 8006.53 fm
Cb — 600xd — 600*735.5: 432.65mm
600+Fy 600+420
p=0.8

ap, =B *xc, =0.8%432.65 = 346.12mm

Check: fs' = 600 * (C‘C—‘” = 600 + B2 _ 510552 mpa > Fy
fs™>Fy, SO use fs'=420 Mpa
P, =085%Fc xa, xb+ AS'(Fy — 0.85 x Fc') — AS * Fy
P, = (0.85 * 30 * 346.12 * 800 + 3436.1(420 — 0.85 * 30) — 3436.117 * 420) * 10~3 = 6973.22 kN
a
M, = Cc (d - (—”) - d") +Cs(d—d —d”) +T+d”

2
346.12
M, = 0.85 * 30 * 346.12 * 800 ( 735.5 — ( ) - 335.5) + (3436.117(420 —0.85 * 30))

* (735.5 — 64.5 — 335.5) + 3436.117 * 420 * 335.5 = 2541.35kN.m
_ Mb 254135

~pb  6973.22

eb * 1000 = 364.4mm > e = 39.02 mm

So, Compression Controls.

Assume fs’=fy

We can use the second-degree equation found in
(Structural Concrete,M.Nadim Hassoun) as follow:

Aa® + Ba? + Ca+ D =0 , where:
A_0.85*fc*b_0.85*30*800

2 2

B= 0.85fc’b (e — ) = 0.85+30 + 800  (39.02 — =) = ~7363992

= 10200

h h
C=As'+(fy—085«fc) x (e + () —d) + 600%Asx (e + (5) —d)

800 800
C =3436.117 * (420 — 0.85 * 30) * (39.02 + (T) - 735.5) + 600 * 3436.117 * (39.02 + (T) - 64.5)

= 370243805.9
D= —600+As+(e+ (5)—d)*B+d

800
D = —-600* 3436.117 * (39.02 + (T) — 64.5) * 0.8 735.5 = —4.54 % 1011

Applying in the equation:

10200 a® — 7363992a? + 370243805.9a + ( —4.54« 1011) =0
Solving the equation, we find that: a = 788.92 mm
c=a/0.8 = 788.92/0.85 = 986.15 mm

Check:
As: fs = 600 * (%) = 600 *% = —152.5mpa so usefs.
This is not reasonable value, but it means that steel here does not work as tension, but it works as compression .
A5 £s' — 600 (c—d") 0 986.15 — 64.5 560.75MP
: = * = = .
s:fs 986.15 “

Note that fs'>fy ,souse fs'= fy =420 Mpa as assumed,

NOW, Pn=Cc+Cs—T

Cc= 085+fcxraxb = 0.85+*30*788.92 *800 = 16093.96KN

Cs = As’* (fy — 0.85 « fc') = 3436.117 * (420 — 0.85 * 30) = 1355.5KN
T =As+fs =3436.117 * 39.02 = —134.077KN

Pny= 16093.96 + 1355.5 — (—134.077) = 17583.53KN .

Mny=e * Pny = 39.02 *17583.53=686.12 KN.m .
e
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Calculating @ :-
For compression controls:

250
0 =065 + (2t — 0.002)(—-) < 0.9 > 0.65

gt = 0,003 » 879 _ g0z » 325 =98615) _ 00762
= * —— = * = —
' c ' 986.15 '

250
@ =0.65 + (—0.000762 — 0.002) (T) = 0.41 < 0.65 use @ = 0.65

So ; @Pny = 0.65 * 17583.53 = 11429.29KN > Pu ... OK

11429.29

Safety factor=—————=1.42... Good
10041

4-Design the confinement reinforcement:
lengh lo‘

o> : M 43333 mm,

lo>h,b=800mm

lo> 450 mm

Therefore, lo =800 mm

Spacing So along length lo :

So for fy= 420 MP S0<6db=06*25=150mm

o obh_B800800
O=SygT Ty Ty T oYM

350 — hx 350 — 200
SoSso=100+<T)=100+(T)=150 mm

So =100 mm

So=110mm , and , S0/2 =55 mm

Spacing S1 along Mid length of column :

S <6db=6%25=150m and S1 <150mm
S1 =110 mm

Check P, < 0.3 ffA; — 8006.53 < 0.3¥30+x800+800 =57600 KN so
Maximum spacing of shear reinforcement:

b, =h—2*cover =800 —2 %40 =720mm

( 03( 1>b f.! o (800*800 ) 720 30 361mm2
—_ = e —————r— * k = . .
Ao “Foe 720 720 420 mm
f.! 30 mm?
0.09b,— = 0.09 * 720 * = 4.62 .
fyt 420 mm
Ash 8006.53 * 10° # 720 mm?
—— = grater of : { Pu _ : _
S 0.2xk, *kf fyt*A *b, =02*1.11*1x 220720 % 720 587 mm
oo o M o
"y -2 14-2 7

e v 06=2L 1077 =08use k; =1
\ 175+ 175 T T Reuse =

2
SOASﬂ =122 7% - Ag, = 5.87 x5 = 5.87 + 110 = 645.7 mm?

ke =

use 6 brunch 312 hoop @ 11 cm along l,

300 mm
lq = grater of fy*lpt*lpe*lpgdb A0 ) 80332 mm
2.10/f. 2.1%1%v30

- In direction h1=1000mm 4Ab>0.0015h1 x s
0.0015%x1200%x110 = 198 mm?2
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4Ab = 12*113.14=1357.68mm2 > 198  ...OK
- In direction h2= 700mm 2Ab > 0.0015h2 x s
0.0015%500*110 = 82.5 mm?2

2Ab =5*113.14=565.5mm?2 > 82.5 ...OK (10.7.5.2.1)
Lab splice = 0.83*803.32 = 666.7 mm  use L=0.66m
_ fyxdb _ 420%22 _
For @18 lan = SaifTe  5aaE0 312.4mm = 0.32m
minimum inside bend diameter is: 6 d, =6%*22=132mm.

lin = 0.3240.132 = 0.452m
use lgp =45.2cm
and toxe = 12 % 22 = 264mm.
Type of Hook used:
6d, =6*x12=72mm

For seismic 8 = 135° and lexe = grater of { 75 mm

l; : into footing or mat > 300 mm .
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tension reinforcement

Case of positive bending
(splitting of reinforcement is required)

T > Detail A &

(not allowed)

Case of positive bending i
(splitting of reinforcement is not required) Detail B

& Bygmame el dolus 0S5 Lesie Aol 0 pusitnd Boleg (pdl (o SSTBUc Lo Wilyon I3 @D - =
(Kb o ge 98 S (29 cdasaall dolsdl ddya)l Jg> @Ml puseins bodis 9l e ol

Up

Four-stair flight

Up

Three-stair flight

U ©wuaiy ¢ > 9l Bulg dgx (o iy 5yl glall LyeeS Wit posid @M (29 4SS @De-d
:JWI Kb mge 98 WS ¢l J 928 T Wil e JostS Lgud dps S Of e
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a) Plan ¢) Various boundary conditions

Figure 1.5. Free-standing
stair-cantilever type.
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[ (Example) alad) asaaiy Jalad e JUa ]
Data:
Fy = 420 MPa
fc’ = 25 MPa

L.L = 4.79 KN/m?
rise of each step = 17.5cm

horizontal length of step = 30cm

2700mm

1300mm

1300mm

3100mm

1300mm
100mm

1300mm

5300mm

3.5

Number of rises = 0175 =20

20
Number of rises for one flight = - = 10 <12 OK

Minimum thickness= L3 0.212m
25 25

assume thickness(ts) = 220mm

8 = tan"%(175/300) = 30.25°

h, = ——— = 1.157 % 220 = 254.7 mm
c0s 30.25

Own weight of slab = 1.157 * 0.22 X 25 = 6.36 KN/m?
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finishing load = weight of (tiles + mortar + sand + plaster)
finishing load = 20 * 0.02 + 18 % 0.02 + 16 = 0.05 + 20 * 0.015 = 1.86 KN/m?
D.L = 1.86 + 6.36 = 8.22 KN/m?
L.L = 4.79 KN/m?2
W, =(1.2x%x822+ 1.6 Xx4.79)x1.3 = 19.83 KN/m
Slab load for two horizontal parts:

For landing

- slabload = 0.22 x 25 = 5.5 KN/m?

- finishing load = 1.86 KN/m?

- D.L=5.5+1.86 =7.36KN/m?

- L.L=479KN/m?

- W, = (1.2 X 7.36 + 1.6 X 4.79)x1.3 = 18.8KN/m

Vu = 51.21 KN

M, = +68.76 KN.m

245



Stairs -albldl Aulaay) Luigh &z AL g g

Design of Reinforcement :

M, = +68.76 KN.m
Assume 20 mm cover and @ 12

d = t- Cover — —
over )

12
d=220—20—7=194mm

My
0.85 x Fc’ 4—=
Jo0XTC 1_\/1 b x d?

P = 7F T 1.7x09xFc
0,85 x 25 j 4 . 6876x10°
_ 0.85x |y _**1300x1947 | _
P =0 X\ 1 V1" T7x09x25 | 000386

Reinforcement in the main direction (long):

A = pbd = 0.00386 x 1300 x 194 = 974.9mm?
Ag min = 0.0018 X 1000 x 220 = 396 mm?
USE 7¢16mm/width

130
S = T= 19cm

Check Maximum Spacing:

Smax = 3x t = 3x22 = 66cm
S <S pax Use 7016 @19cm

Reinforcement In the horizontal direction:

A > {20% As  _ (0.2 X975 =195 mm?
S 0.0018 xbh™ 10.0018Xx1000%220=396 mm?

~ A’y = 396mm?
USE 6010mm/m’

100
S = T=16cm<SmaX Souse 19010 @ 16 cm
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Check Shear
Vu = 51.21 KN

@Vec = @x0.17x+Fc’ xbxd = 0.75x0.17 x V25x 1300 x 194x 10~3 = 160.8 KN

@Vc > Vu  Shearis adequate.
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1.8m

5 16mm

J

P W

L 27m L 1.3m }

5@ 16/m

/ e
SE@16/m

( 5016/m

[ REINFORCEMENT DETAILS
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Special Shear Wall &ealall alll ¢ jaa e Ay b id a8

e DOV S ja daslia ) ABLaall £lidl 3 &1 5 ASCE 7 5 ACI-318 (o 83,50 sl A1 3130 ASa S0 (6 5 damaall Jlaal) Caags

(5 5 Aapadn (AT (Alis¥) (o jaadl dudlly 5 sl 4LEY) jualiall (ductile inelastic response) 4 e e dldas st &

aanai e Llial cilllkie Lalal) Gaill ol jaa avead die 3 &I (a3 SN 45655 laall daslie CaOBAL L yall e dlaiuy)

st oAl sl e BRI (e A il . Jpali

Wall configuration gadll ¢ s JLSEig (ugss o

pludl 5 2l 4 jlas pLudl e ilad Ll 1 il ol jaa allii g (Openings) Cila dsa s ae (b laa pualic (1) JSA) g
Al opiad Ll ) Y ol andll oy cadliie (S8 Al g datd ol Giad L1 a1 (5 plaadl anddly Ty doud 5 4l
Adls

<l Y saeef clillaia 3385 Y saac Y o2 Sasl Of V) aeelS Laalaie) Sy i) 5 A Al 5 4y las aLudl Gaill Gl jan (and
Gias A Laalad Gasha oo (Wall Pier) olaall 33580 ACH 318 2680 Caymy Aalil) 44 ol

Jhw /lw>2.0 & Iw /bw <6

B e Coupling beam

¥ Pier Pier
| — Pier

j— Horizontal

= wall element

Elements of the wall with openings :(1)

dilias (coupling beams) Adal ) s Gab Ge Abaidl 4, 3kl o) asll ) (Coupled Wall) ddassal) ) pasll mllaias oy
< (Ductile Yielding Mechanism) 4e stas ¢ gad o 3ilSie sk 58 aranaill Coagl) laal) gléi)) JalS o ol 5 IS
(2) sl gyl jlas JS3acl 2ie (Flexural Yielding) <lasiy) e ¢ giadldl o (e g plasdl glii )l JalS e ddayl H ) guunl)
gohd JSE dalia ) sunS ol sl IS5 dalisa ) sunS Lal Lasanaill (5 58l 5 pundigh LS5 e alaie ) ddasl 1 ) gusa) Jpaal oSy
.(Diagonally Reinforced)

> X X XX X

(a) Coupled wall (b) Target yield mechanism

Coupled wall geometry and target yield mechanism :(2)

Wall Proportioning geddl &losad il ajsidl o
LlSa) ) AliaYl o LinY) dman (S5 38 adaliall 038 o W) s yraal ()35 <l A je adalie ppanaly LN ) Hliie] a5 of (S
gl 5 bl Jaald pasgiasd oLl Aaliny) Aleall & (il Gl jaa 210k A AAS Jla 6 Ll s e el e Jsaanl)
Aadaglly clayl A e Bale il gl S ASlew 5 a8 laa JLERY o5S YT el (e &N e(Formwork)
SN e1aY) e Guaiin s Reinforcement Congestion zmludll alas )l e (aisin Wil ¥ (Functionality)
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Sy 2230 om Ll ASland) cilS Jla (8 2l (8 D A ge Slin 65 ()l el Bale Guaty 20 om s dalal) il
day) ) ) ges Jadii Gl Gl Gl pas i 5 AV @YW L 25 om s (Special Boundary Elements) ala 4yl jalic
s 8 Glee (ol an 58 40 cm Of aladl ae claail) (p aelall 5 Al dadandl) dilie e il 35 om Lo ASLew (sl by

(b s Ayl ) ) susn aladiul

wall piers 4 laadl s ) o

G383 Y oalayl (1 3 gaS Tasall Cum e o liie] (Say S 5 Gam (ol s lan £ 3a 0= Bk & (Walll Pier) 4plasll 638 )
Con hw w2 2.0 & Iw /o <6 S s (33l 538 al 1 (g plaad) ¢ Jall iy Aualall 4o jall Y s il
S A 1 landh ) speatl aliaall cilallaiall 4y jlandl 5851 asana aolly sl Sl g laad) ¢ Jadl slad () hyy 5l 5 by e

ALy llliall (e (gl oy

1 1 ) _
wlysihacep
//// Vertical Wall Segment

Aol sjlaacja
Horizontal Wall Segment

4 1

(Vertical Wall Segment) 4ol 4 laadl g1 jadl daslall anaiatill juilas o

ACI 318 ) 25l b diaaiall Lalall G jall ol jUaY) saee | cilillaie (gia3 Cumy 4y jlaall 35S0 avaaty ACH 318 2580 30
Gllkia 5 ¢ shaill malud s dlgan ga s (Splice Type) «SI) cilea s g1 5 J i Al 5 (section 18.7.4 - 18.7.5 - 18.7.6
Aalal) due jal) el ey saee | e J graall Ay jlud) () A glia

e hw/bws 2.5 M) dpad (giad 3 4 laad) SAS,) paaal Al il

UK sie (Aladaall o 3al) A glia) Mpr skl 48 jall (=il 5 56< ) (Design Shear Force) VU el (il 5 8 20a5 =
Sl daaladl 213050 Jlea¥) a5 5l cans slinal Jidas 3y 5l (e saaaall (el 38 51 4y jlasdl 5 3801 Jilgs
(€ 33 30 Aa laall Jalay Ay 5 juae J3Y I ol il diaiaie dpaganal

Ol V) iy ACH 318258 ol 3l pae (ge a8 ) e ol saall duilly saliaall ulaill a5 GV dsasanail) 4o gliall Crni
53ee YL Aualal) clllaiall 4gliia 48 jhay ¢ ilia 28] (i jae adaiall IS 13) il D slie (mids Jonll 5 LaliaY)

Al 028) & 5 sall (il ol (e Jadh 5 53 )l 338 1 5 55 by Ladie V) (HOOPS ) sl JSG oia pall bl 554 m
JS 2ie 180 CliSe pesam g day 5d (e gl aladiuly ey Bdie 5 Vi < 0.17Acv A Ve Giad die L s sansdll
Skl ol ) il (3 gt Cuny Al

il Jshll Jinl5 e 30 em Y1 (o (om ol bl iy o ny 115 €M (ool el alie W) sell) 345
(DY) e Al 48, Hhll) ] A8 kil o 3Y 9 e s Aald 48 jla pealin 33 58 ) g 35 cang Ay plasdl 3 58,00
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. Direction of Direction of
" — A, f " earthquake forces earthquake forces
",,=b.\(1,/n/1‘ .7 ; — e
[“ Edge 4, 4
2 f wall — : i
1, of the adjacent wall segment ph 1, for wall pier| Adjacent wall
._L—( segment

= ;_ W—
wall pier horizontal

N 2 El
k reinforcement /
Wall pier

<G o— C—

Ayl 538 0 Jind s (e 5 ) slaall lasdl o) jad e 81 il i sy ¢ landl Al tie Gra gaiall Ay jlandl S50 dal (e
VU Laapeaill (il 658 3aa3 W gl oy 5 sbaall laadl o) jal () 4 laad) 35850 (e dpapenall (il 58 i (a5 Cumy 4iseS 2083
S Jshall oy Nvie | slaadl Slaadl ¢ jad (Jshll sas) 5 e 5 58l) W sasd 5l dpanl) (el da slie das3 o5 Ay jlaad) 5 38 )

VU/@Vn 48301 (e o 53U 8Y) bl

Table R18.10.1—Governing design provisions for
vertical wall segmentis!!]

Clear height Length of vertical wall segment/wall thickness
of vertical wall {(£,70.)
segment/length
of vertical wall (D) >
segment, (f/0.) (Fuib )y =258 2.8 = (£,/8,) < 6.0 &0
A <20 Wall Wall Wall

Wall pier required
to satisfy specified
column design

requirsments Wall
of alternative

requirerments; refer
o 18.10.8.1

Wall pier
required to
satisfy specified
column design
requirements;
refer to 18.10.8.1

A2 2.0

Dlg, is the clear height, £, is the horizontal length, and &, is the width of the web of
the wall sepment.

Principle Design Special shear wall &ealdd) adl) o jia avaat gilaa .
JMA (e UV Sy e sl ) ALadl) £Lid) 21 581 SASCE 7 5 318ACH (o ) sl A1 3130 ASa D T 5 dasaall ilaall Caags
Sy dmpla Caliad @Ailasy) ol jaall dually 3 jla) ALY aliall (ductile inelastic response) 4 e Aldas 4l
o 4K laall b Jualii g Talasl Jisys D el s LIV ad gty deall apeeall 4y S35 jlanl) Lol CAOAL A el e AlaiuY)
sl il e sy
Lo gliall il & SEAY) o (squat walls) 3 saidll ol jasll 5 (slender walls) desall Gl jaadl (a Jaed Cogu o 3al) 1
hall sl s e ol paall @l gl saiay Cua (JI1N ol &Ll el 55 3 CDERY)
&l sl Juaiall laaill (Flexural Cantilevers) withsy) e dlalall jla¥) & sl (hy fly > 2.0 Cua) ddadl) o) jaal) @l gl 4
=il e Jledl (50 (e all adasall vie (Ductile Flexural Yielding) ¢ sdae ilasil ¢ pmd g8 daaaill o)) jaall ) pa3U)
. (shear failure)
bl haall juaie o il 3k Ge Auilal) Jlal) daslis ) (hy /ly < 0.5) 12 Lasdial) sl Lo &l ol daa
ol V5 Y 5 sl il 5 A JA (5 )k e il Al o35 Cum (Diagonal Strut)
ol Lo g pndllsale yiiay oSlel lia g ypiall Gullall G lasdl sl # 5l 51 2)>hy /> 0.5) s siall Sl s Jal o
Slnelastic Deformation Capacity) e s il 3 538 (e (midi il | ki Jsiba ye | el dinill ) y2all (Shear Yielding)
(High dlle dlalie daglia cllai o joall o3a Y 1 a3 Y g | el lan 3 jpaill ol jaall aill & gad yriny A giall 5 gaal) ()50 L
(Low Ductility Demands).duaisic de sUae <l 5 Inherent Strength)
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A YL Lpanali (S Al s Alall Gl ) jaad A giall jles¥) Lalail (3) JS&)

Jraldhy o) 31 2ie Ductile g sUae Laaill 138 iy laall Jauls Plastic Hinge o Jeate JSG5 Cua callandy) gl -
Al dpadlall il sSIL el LS 4 slhaall palusil)

(ks Vs 8 (g kil Jarially gl dhaay of Sy LeS) 88N f g kil adlly jlgs) -

e Juald s ga g i ) Gl laad) Juai) vie (L BY 33 Jsean) Gl pailly Jlgd) -

é\)\)ﬂ\ o ylal giuall CJ\.'; cuiad & gan Ji @Lﬂ\ elu ) AaleS ple Jia 4_5);\ Ll

SRR

g

Flexural Horizontal Sliding on Sliding on
failure tension flexural cracks construction
joint

(3)Jsal
doaldl) Gadll o) e Jlagilhladl o
(Achieve Ductile Flexure Yielding) g stas cilkad) £ g2 M) Jgasll =

Jgea s I Cillani¥) Cusny 230 el (alty Capmy 4 ) 5il) Adail) (e ol JS30 J81 4 ) sanall 35801 i e lasll dal) spenail) Jadls,
aSaiall Tl 3 o) paal) cuind caay 6SU Al Cilallaad) slaiels ainall e ool 508 ) Blajal) 8 sl 3l
ae ol o ail) mlid ¢ siad 30,003 daitl) ) Dl Al 6 55 L Joas Sl 2Llill 5T (Compression-controlled Walls)
&) gz 138 1Y)« VU < ¢ 0.66ACV V) s daaiiall jlaall da )i e seadll (alll 4 J s 53 318ACH 2580 #laws (1
Cm MY Gl e A gunal) g saadl Galll 38 et Y Ol Gratuadl e ol aal) sdgd Gilaaty) e de glaall 5 08 aleds
S5 (0.5 @AcY Vc) Al a5 (0.33 @Acv Ve Yaaidll (Flexural Overstrength) <illaasdl s 311 4 glaal lie V)

(adaasl e de glaall 3 508 asawi Y

(Avoid Shear Failure) uailly Jug¥) quiad =

(b Aad il elli ye 31 (drifts) s V) die de e dagliall )i ) (slender wall) ciuss Jlas & (il J38 3 5m of S
oalll (5 8 gl A Ol ol e pald IS ey 13s, Jlaall 4y ) sl dalaally ) ) ) Wl (ail) J88 535 O (S, apanail
(Web crushing) swall (& i s Gasy o oSy gl aa) o2 & (ailly Jles¥1 0¥ ¢ (10.083 Acv Ve sl il 4lall
6 st ¢l ) (il (8 g% o oS ¢ (4-b) IS L (slender wall piers) dasill dy jaall 308 0 4y | (4-3) JSal

ol (i il A ) joa araal Guigal) e i ¢ Gl o3gl, (5 sae Jid Al sl e Gany o (e dile )
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Shear force V ’ I

Dlagonal compression strut

Crushed web concrete

(a) Web crushing in flanged (b) Shear damage and onset of axial failure
wall. After Oesterle et al., 1984. in vertical wall segment, 2010
Chile earthquake.

Web crushing due to high shear force in laboratory test. (a) Web crushing in flanged wall. (After Oesterle et al., 1984.) (b) Shear damage and
onset of axial failure in vertical wall segment, 2010 Chile earthquake.

(4) Jsa

LJJAQYJAJ\M\UEﬁeS&mAnsySCAUJJan zie SSW pald (al jlaad Jhei¥l &l glu = 5b e 3 jle (5) A 4
e 4;.1\.\5\ MJ.LAS\ Colaa il \A.u U\ d.\s u\.k:uﬁ“ =] LJ\J‘U\J.\M ‘;&_’\A&iﬂ\ )}H:\.&\S.L;)u;\n u«w“ @am\_).m‘\.u)S:u
At Ll Clalgay) Jand le 43,08 A laal sy 36 ) Aiaiall olaily CHEREIN i ay | lnd) dun b sglally sl
Chang g () e Jiaty) dahaie A aidla jlaal) adg el Jaea 33055 daesdll ) S5 aay | 28D Jreatl) & g3 A Al
oslae ) 5 il Al lanll Gillaadl Jlagd) O sumn a8 3 sLall jualiall Asan] iat Gl (ulasSU Zonilly JSS jlanll 3 51 o Al

Ade Agdaal) Cilalgadl Aa glia ST alead Adle de glae

(5) s

By oy paadl e
shear resistance ) adll da glia Ll Ao gy 40 ASail ) (:\.nasa.ud\ Jshll gl K.u.u) 3 uadll ) jaall gl Jud
displacement ) 4=/ 32U de glaall 3,08l (=lids) (e ae )l e, (flexural yielding) sbisi¥) g j.z.s o= Y (mechanisms
high ) dale Alalic 4a slie; aiati Of ) Jaai 3 _jead ) san dse2all el Y st (5% e Llle 138 o ) « (dluctility capacity
Jala i) sl ;) gl (e e s38le) e g, (low inelastic demands) acadaic de Uas <l g (inherent strength

. el Jual 58 2ie (shear sliding) o=l Y 3315 (wall web) sl tuea
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(R18.10.3 Design forces)

The possibility of yielding in components of structural walls should be considered, as in the portion of a wall
between two window openings, in which case the actual shear may be in excess of the shear indicated by
lateral load analysis based on factored design forces

(Design force) Asazaiaill yalilizsd o

slxdl) Gl (8 Al 2 8 (MU Gy seanall jlaadl ¢ Ja e g gl aa ) o) 328 (g Jgea s Jlaiag lusally 3231 Cany
Baraal) Lpapaaill 3580 e lalaie) 4381 5 5l ALY Qi (e i) Gadll e 33 o oS

dimia 585 Glaua Jal e () paall (8 Gaill agansd 48y 3k ety ACT 2580 2l 1 )d 5e aa 2 Y4Y 4 jlaal (S5 ¥l 25S0)
uaﬂ\ﬁﬁ}ﬁdm;wéll})b;u&}&A}uf)g@_\\d}a;Mmaxm\m)A;uuaéJ%\dwdﬁsﬁh\uﬂ
(sl GO i Jaal B S <G dasanaill

18.10.3.1 The design shear force Ve shall be calculated by:

Ve=Q,w,V,<3V, where
Table 18.10.3.1.2—0verstrength factor Q, at critical

Vu / is the shear force obtained from code lateral section
load analysis with factored load combinations. Condition o,
Q v/ shall be in accordance with Table 18.10.3.1.2. Bt 15 Greter of MM
v i ) : 1.5
Aot = 1.5 1.0

M For the load combination producing the largest value of £3,.
A Unless a more detailed analysis demonstrated & smaller value, but not less than 1.0,

::.

g

A1 a5l Aacaiall Jlea¥! oS5 e Al sl e il s 8 1
Sl Jeaalltady () Slus 2518.10.3.1.2. 21l W 5 Overstrength factor z ol gUadll vie 3 g8l adaat Jalas 1),

. 0.9 daliall (add3 Jalaa s 1.25 Fy (5 st skl

gl L ety ) Jlaa¥) caS) 5 il e il g ladl) ie a3l 1M
8.10.3.1.3 For walls with hwes/¢w < 2.0, wv shall be taken as 1.0. Otherwise, wv shall be calculated as:

where n s shall not be taken less than the quantity 0.00028hwcs.

o f hwecs . .
Y) Ali oy < Jaall e las ) : A o) jaall -
0, =09+% u <6 L1abgham ——= <2 Jlallg D) L 0S8 AN ol s wy,

10 d ; . . P . . - -
(18.10.3.1.3) gladll o) @il shll axe) ng dad 22U Y o)) oy G 1 WIS Ciloas a1y
"
= i . o
o, =13+ 5 < 1.8 n >6 0.00028.hwes o= S8 (z )
C:ZFu,I =V,
I N v Moments from load
N\ 4 combination, M,,
Va5 ‘;\ -V , 7 Amplified moments, Q M,
) \ | X
=g 'pr,CS
Vecs e Mycs
My,cs
Hegs = V,cs \1‘
- {
'—\ |
Critical X = | " y X
Section (CS) Vues T m, s Vucs Vecs Mycs Mprcs
(a) Lateral (b) Walf (c) Shear (d) Moment
forces elevation
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alal) o)l Laaail) gadl) dayd ad )15 59 adl o A Gleal) o
Q dabadl P e el aiy g S shall bl paal o gad J goas ad giall (o Cumy 7 jall pladl) vie CalaniVl daglasaly) =
5 My oY 1555 (Yo o) ¥ o) Jail e jlma 8 Aeddiusall Gl ABlas dediaiall aill (58 aaa) Aaddial 335kl o)) w
Gy gall Calgadl Gy Gl Haall Juaadill sladl g o Jlaa¥) S i cadialy Calias gﬂ\} dyyenall 3 gall L_slc Otz Mpr
Qv dad SH g il Alad) aladiol Gy da 5 3l
28l Gilaleal s ¢ =9.0 Jabas g Jrand Aal e J gaanl iy Al Liall Al o ST Jgaall (35,1 4 (f (e pe N e
sl bl 5 slaty Cilaall  shall zaludill S 13 Gl 1,0 (e ST Al ()55 38 ¢ 1.25Fy oo iy Y J shall bl
(alaall ddas) gy 3 2y 5 JSEN 8 s 8 LS 1l SV jlasedd) aail) ol il Gy Saaliall apiadll m

cadld gl lhia o
(ACI318-19-18.10.4)

- Sl da i) elaniad a5 13) 48l ALY jlaall aall da glaa o ¢S5
: ) o 1] Al (S gl ) 9

Ve < ¢Vn
Ve = Q,w, V<3V,

Aaaill (il 3 8 Ve
A1 a5l Al Jlea¥! a1 5 e Aailil) il 5 8017
AganY) paill 4aslis 1V
A glBall (235 Jalaa )
Aan¥) e slaall L 0 5S5 G AA) lily ¢ = 75.0 il o A gliall s Jalas slaie] o5 ¢21.2.4 2ull ¢ ACTa,SU s
0.6=0 Laill e Ao slial) (2835 Jalase 33 5 Allalloda 8 ¢ My Llasd) Lpans) Cillaai) o slia ) shail Qi) (i) y0 S8 V/py il
Adull Adateall (e ALY O paadl dpan) (il da slie a3 ¢18.10.4.1 2l 8 ACH 2SI b
18.10.4.1 Vn shall be calculated by
@Vn = (acxkxm + p: xFy ) A

where: ac=0.25for hw/tw<15 «ac=0.17 for hw/tw > 2.0
It shall be permitted to linearly interpolate the value of ac between 0.25 and 0.17 for 1.5 < h/tww < 2.0

A=1.0 For Normal Reinforcement concrete.

18.10.4.2 In 18.10.4.1, the value of ratio hw/fw used to calculate V n for segments of a wall shall be the

greater of the ratios for the entire wall and the segment of wall considered.

O s sl A8 laadly fialal) Gl e SV Al lanll (g e 5l Vi sl Aleaiondl) i—w ad 0585 o 2318.10.4.2
ol lasl)

18.10.4.3 Walls shall have distributed shear reinforcement in two orthogonal directions in the plane of the
wall. If hw/¢w does not exceed 2.0, reinforcement ratio p¢ shall be at least the reinforcement ratio pt
geludl) A oo JBY O ng py - grabasil] A 0 laal (5 siusal Cpaalaiall cualad¥) & poldy il las 353 o) 22218.10.4.3

A%

[315]



onspsslidy o A3 Lysha o=l glysa - stilell 4L

18.10.4.4 For all vertical wall segments sharing a common lateral force, VVn shall not be taken greater than
0.66 fc' Acv For any one of the individual vertical wall segments, Vn shall not be taken greater than 0.83 fc’
Acw, where Acw is the area of concrete section of the individual vertical wall segment considered.

¢ (0.66ACV Vic) oe 4l (ol daslia b laalosall (il jlas ol Jal JS VD Apan) Gl daslie 2 5 Y () (22318.10.4.4
Ge ) e e 5 6V Vi daen) Gl daglie 355 Y o cangs s Dl 1 il las ol sl aaad 40 daball Acy Jiad ua
A s el Baal 15 38 Ul jall adaiall dalise & Acw Cas ¢ ((0.88Acw fe)

18.10.4.5 For horizontal wall segments and coupling beams, Vn shall not be taken greater than 0.83 fc' Acv,
where A cw is the area of concrete section of a horizontal wall segment or coupling beam.

el dalue & Acw Cus ¢ (0.88ACW Vc) e Loy s sl (81 5 Ja (Y Lpanl) (il Aaglie 35 Y O 22418.10.4.5
L5 el b lasd) e (8Y) ¢ 3all) 48 dadall e A

Ao sidl) sla¥) il (Linear Interpolation) e 1als Jueia) alasiu) w

4

~— Vertical
~| wall segment

~~— Horizontal
wall segment

4
Fig. R18.10.4.5—Wall with openings.

18.10.5 Design for flexure and axial force

18.10.5.1 Structural walls and portions of such walls subject to combined flexure and axial loads shall be
designed in accordance with 22.4. Concrete and developed longitudinal reinforcement within effective flange
widths, boundary elements, and the wall web shall be considered effective The effects of openings shall be
considered.

18.10.5.2 Unless a more detailed analysis is performed effective flange widths of flanged sections shall extend
from the face of the web a distance equal to the lesser of one-half the distance to an adjacent wall web and 25
percent ~of the  total wall height ~ above  the  section under  consideration

ACI1318-19(18.10.5) wildaaiy g 4y ; saall 5 gill da glial arasail)
Jisﬂj A;\Ju]@gg‘)}md‘\;jk_ﬂja’_}\ e)&: ):ui:\‘_;;\ z\m‘)’_‘d\ u\)d&l\ XYY uAc\)Ai }\ uasj\ U\)he“‘éjui iy om
bl 330 5 ale Al (e S Ylad 55 O i s Ay ) gaall Jleall 5 linDU dia jaall 3aee D deadivadll ilel jaY)
sl g sl 5l Glaeadly 30 O g WS lasd) ana 3 k) jeabiall  #liall Jladl) (2 jall (aa ¢ Jshall
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Dl gl JalS (0 2500 51 sbaall Jlasd) dua s Adlisall Couas

£
B, = min 2
| L by y 0.025 h,,
| |
- I | -
e | wan 1 Wall 2
1 1

18.10.2 Reinforcement

18.10.2.1 The distributed web reinforcement ratios, p{ and pt, for structural walls shall be at least 0.0025,
except that if V u does not exceed 0.083A ' fc Acv, pt shall be permitted to be reduced to the values in 11.6.
Reinforcement spacing each way in structural walls shall not exceed 450 mm. Reinforcement contributing to
Vn shall be continuous and shall be distributed across the shear plane.
18.10.2.2 At least two curtains of reinforcement shall be used in a wall if Vu > 0.17)\ 'fc Acv or hw/€w > 2.0,
in which hw and € w refer to height and length of entire wall, respectively wall if V u > 0.171 ' fc Acv or
hw/tw > 2.0, in which hw and € w refer to height and length of entire wall, respectively

zeledl) clllaia
b LS (Transverse) @Y1 5 (Longitudinal )os! skl slad¥! 8 sl (e JSI dpas Zus JB) 3yt S5y
0.0025 cse 8! gabill iy ol el A J8 Y o any Sxie« (1> 0.083 Acwvfe «)

_ Asw

= m :ptz 0.0025

okl 138 Baalaiall Al jal) Asbie Jlea) ) AcV (s siall (5 )1 sall 5 & ) sall (im yall bl Aalise A 2
 Acy AdeaY! Al jall Aalue LY Acy daladl ge aebsial £ 5l L phll ) dalics G 1,
(o=l 3 8 olail & adaddll J gha 5 dlan 1 pa Juala) Jlu jal) adaiall Alleay) Aaluall :Acy
| il Biad) i el dals - Asw
008l A il jA Jalae A
Al Gl g sin LS py 5 pp bl s iy crans ¢ (F, < 0,083 ACWIWTC ) omsansil) il (IS 131 22

1 .
S=‘Aﬁ AN A8a)) (e bl dpas o el Clus Sy 45 cm oo olad) IS 8 bl 2ol Hlahy Y Gl sy m
. :

aa) sl gndl dalise s AL
;o1 ol ye U s (goms Jlo (gl (e fila JBY) e 5L
AcwiVFc 083.0> 1, s T > 2

W

[317]



cnspsslidy 3 a3 Lysha ol glym « salell sl

P Y1 el s Gy ol ) el s i YT 2 < 2 ) S a3

Two curtains

= of reinforcement
e ]
—~1 | —1 .
\\\ \\\ p
h, \\\ \\ [ ]
\\\ \\\ _ A
— | L 4
I B a A
\ \ v Pr = T)‘
\\ ] 0 Aev
A,\n
B | s
\\ \\ 4 -
\ — .
R——— T *
- — ]
S| oz | — @
\ \
e [T )
£ \E\\ a
\\ (\\

(boundary element) 4sd ) jalial)

ALl paliall 65 o S (V) Jsill 8 LS Cantilever Beam (A5 S SLGSYT Hlaadl o pathy JI T Sgaa J3A
Jaalsi allay A 51 ¢ laall 528 die daal Jualie ¢ o5 () Sy I Jlaad G A0 5a€ (S0 CilalgaY dca e laall
Aoalll Jualiall () 65 aial ALY laall opia 3O (Ao glaall)is salll 5 4 sliall b il dals 4 585

P P

N

u ‘ ‘ ‘ ‘

R 1’:!
T Va l

Deformation of wall due to earthquake loads.

w5 shall el A 53 Lty s oy ) il gl jlaall ddla Jsha e a8 LY laall (e e 5 o Bkl jealial)
ACI 358 Gillaty ¢ laadl A8l e ke Lo sa seismic JY 5 gravity loading A Jual oS el il e iy Laxie
<l Gy Y 8 Bl cildlaia ) 5S5 Leie 5 special boundary element ala 4 )l jalic Joe 318

Ay Cumy laadl sl sl &5 o bl laad) gl Jsb e Discontinuity & aivwe sl s Cle UiV (s 3 s 5 J sl (S
eanail) Cus (e 3all IS 2 el adaid) e J seasll
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18.10.6.1 The need for special boundary elements at the edges of structural walls shall be evaluated in
accordance with 18.10.6.2 or 18.10.6.3. The requirements of 18.10.6.4 and 18.10.6.5 shall also be satisfied.

I Aalall e Gl Gl sl s ¢1,6.10.18 2l (ACH (S ¥ 25U a5 aild Y ol Ayl ealiall ) Aslall 48 jae Ja) s

o LS o s Aald b Jpaldi ae 4yl jualic (oo
18.10.6.2 Walls or wall piers with hwcs/éw > 2.0 that are effectively continuous from the base of structure to
top of wall and are designed to have a single critical section for flexure and axial loads shall satisfy (a) and

(b):

(a) Compression zones shall be reinforced with special boundary elements where

Iw

Czo—imm  ACI318(18.106.2)

hwcs

and c corresponds to the largest neutral axis depth calculated for the factored axial force and nominal
moment

strength consistent with the direction of the design displacement du. Ratio du/hwcs shall not be taken less
than 0.005.

(b) If special boundary elements are required by (a), then (i) and either (ii) or (iii) shall be satisfied (i)
Special boundary element transverse reinforcement shall extend vertically above and below the critical
section a least the greater of £fw and Mu/4Vu, except as permitted in 18.10.6.4(i).

ii)bc>0.025 w

(iii) 6¢/hwes > 1.56u/hwcs, where:

The value of & c/hwcs in Eq. (18.10.6.2b) need not be taken less than 0.015.

ACI318-19(18.10.6.2) (A bl saliall dalall yaail 1 4Y) ddey koY)

el iny el bl (e 3 jaiudl s (hy/lw < 2.0) Cuss Pier walls 4 lasdl 0S50 s wall ol saadl e 48 k) sda (gukas
CYESY) (s asede o dpiae 485kl s () A sl (56l 5 CallaniBU dal 5 7 o adate Ld (35S S panal (il laad)
Displacement-based design

;(\)@J.Lutsé} gaail) ¢l glad
laadl (s siue e vie papanaill JEBY) aaad
du=Cqde!l
sie Jlea¥l 25 Gy 4 3150 ) Jatl g e Lo Jpemal) o Cuny JEESU 41 all Pygs Jlaal) 8 daadacd) 5 1
,G)al\ tl.kﬂ\
L\;SMHCS%MY\(:)’JHLAJM:\AS\fCMﬁLJM\D#\@AJ&\&J&MY\&%\J\C&M\M\é&:L_\.u;:}
PUCS s_sadl daall s

ta gl
= & \r_ C —
strains _— :{0.003

internal forces

and stresses l J/\LLH :Ify
9 Slolg=YI

WIE, cast CEET To.sss
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R18.10.6.3 By this procedure, the wall is considered to be acted on by gravity loads and the maximum shear
and moment induced by earthquake in a given direction. Under this loading, the compressed boundary at the
critical section resists the tributary gravity load plus the compressive resultant associated with the bending
moment Recognizing that this loading condition may be repeated many times during the strong motion, the
concrete is to be confined where the calculated compressive stresses exceed a nominal critical value equal to
0.2fc’. The stress is to be calculated for the factored forces on the section assuming linear response of the gross
concrete section. The compressive stress of 0.2fc’ is used as an index value and does not necessarily describe
the actual state of stress that may develop at the critical section under the influence of the actual inertia forces
for the anticipated earthquake intensit

Nominal Compressive Stress aw¥) haall slea) Ao A 48 Hlall (s3a )
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18.10.6.4 If special boundary elements are required by 18.10.6.2 or 18.10.6.3, (a) through (k) shall be satisfied:
g adld il (i Hhall U6 A8 jha palic dsa g llaiAlls 3 :(18.10.6.4) 20l Wb 5 48 jhall jaliall S5 Y1 2581 il
s Ay clllaial) geas o

(a) The boundary element shall extend horizontally from the extreme compression fiber a distance at least the
greater of ¢ — 0.1¢w and c¢/2, where c is the largest neutral axis depth calculated for the factored axial force
and nominal moment strength consistent with du.

Bee Sl € 2 (D)8 (0 0.1 Lw) Om Y1 laan (e s siuind) UY) (oocdl (0 Ll 101 puslial) 55 of o -1
Ou g 488 siall Mincs dzans¥) o 32l 358 5 Pycs 4 sl 4 ) saall 5 68l o puina e

[321]



cnssslldy 3 53 Lysha ol glym «salall sl

(b) Width of the flexural compression zone, b, over the horizontal distance calculated by 18.10.6.4(a),
including flange if present, shall be at least hu/16

GJ.C “L\J.Ajo“:’\.éi\.aj‘&hgwaeﬁjw‘%‘ﬁ%w\@éy\uw‘& bchu\]\.kuaukuua)c Q}S:\Qia._\;:\-z
aall i gaaall GLIYI il sie e e Ll gl Y) hy ;u;% JiY)

(c) For walls or wall piers with hw/¢w > 2.0 that are effectively continuous from the base of structure to top
of wall, designed to have a single critical section for flexure and axial loads, and with c/¢w > 3/8, width of the
flexural compression zone b over the length calculated in 18.10.6.4(a) shall be greater than or equal to 300
mm

4,k ddhid) JalS e b> 30 cm i) (e daalill Laall dilie dSLaw 331 cand ¢fly> 3/8 48Dl s Jla S -3
deaaall s laadl ef ) slind) 3ac8 (e 3 jaiie o8 S5 ¢ hw/lw 2> 2 Leadd G 4 laad) 3081 5 o) jaadl ol (e 4 sandl)
Ay saall Jlea¥l s Gl e dia g 7 s addie e J seaal]

(d) In flanged sections, the boundary element shall include the effective flange width in compression and shall
extend at least 300 mm into the web.

Slo Jadll Zliall (= e s ) dla 8 paladl )kl jeaiall ety o s Flanged Sections <ol sall <id aLliall 3 -4
Auall Gan 30cm JEY) e dig of cany s Jaiall

(e) The boundary element transverse reinforcement shall satisfy 18.7.5.2(a) through (d) and 18.7.5.3, except
the transverse reinforcement spacing limit of 18.7.5.3(a) shall be one-third of the least dimension of the
boundary element. The maximum vertical spacing of transverse reinforcement in the boundary element shall
also not exceed that in Table 18.10.6.5(b).

zaludll e as ¢ LiEu(18,7.5.3) « (18.7.5.2 from a to d)2sill (= 3 saall dcalall paliall sl bl g o iy -5
coalall A5kl peaiall Y aad) G5 65 0 s s 3.5.7.18(2) (o

(F) Transverse reinforcement shall be arranged such that the spacing hx between laterally supported
longitudinal bars around the perimeter of the boundary element shall not exceed the lesser of 350 mm and
two-thirds of the boundary element thickness. Lateral support shall be provided by a seismic hook of a crosstie
or corner of a hoop. The length of a hoop leg shall not exceed two times the boundary element thickness, and
adjacent hoops shall overlap at least the lesser of 150 mm and two-thirds the boundary element thickness.

Oo JEY) (k) peaiall Taime Jsa Luila A g ) A ghal) Glacalll o X 2oLl 5 slay ¥ Cumy om jall bl Cusi S cana - 6
LgLA\d)Lagﬁ‘yigHg,L@JUmHookq%m&u\ﬁ&gﬁsﬁﬁﬁé@ﬁ\J@d\zsm‘;\ﬂj(ﬁVm)
bl il dlas B ae Y0 r e JEYI ae s slaall (31 5h Y1 Jalai () cang s ¢kl paial) dlas Cira (e 4l
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(9) The amount of transverse reinforcement shall be in accordance with Table 18.10.6.4(g).

Table 18.10.6.4(g) Jsaall At o jall alusill A0S 05 O ang -7

Table 18.10.6.4(g)—Transverse reinforcement for
special boundary elements

Consecutive crossties engaging the same
longitudinal bar have their 90-degree hooks

Transverse ceinforcement Applicable expressions on opposite sides of column
6d, extension _\
A ! 6d,=75 mm A
03[—‘—1]£ (@) [T ! [Aishz
b s — e
Apifsh, for rectilinear hoop | Greater of \ ‘
fr ‘X]
0,09;;- o ¥ e o) ! |bc2
7
" /Ashi J"i
4 I CJ @ ® & o @ l @ —
0.45[“5'-1]-1- {c) ! 1 ST
“‘n\ fn ! ! !
. , X; X; X
p- for spiml or civeular bivap | Groater of B
g_uL i) The dimension x; from centerline to centerline
" of laterally supported longitudinal bars is not
to exceed 350 mm. The term fh, used in

Eqg. (18.7.5.3) is taken as the largest value of x;.

(h) Concrete within the thickness of the floor system at the special boundary element location shall have

specified compressive strength at least 0.7 times fc' of the wall.

"fC (e300 0.7 0o J8 Y 3aan Jaria de glie Aalall 48 5kl palinll a8l s 8 A3 alai dSLass Jalo Ailu Al 0 6 o a2y -8
hall

(i) For a distance above and below the critical section specified in 18.10.6.2(b), web vertical reinforcement
shall have lateral support provided by the corner of a hoop or by a crosstie with seismic hooks at each end.
Transverse reinforcement shall have a vertical spacing not to exceed 300 mm and diameter satisfying 25.7.2.2.

o 58y Ll acde Cananll ol I sl (6 o) Gy €18.10.6.2(D) (o8 22l 7 sl gl Jind 5 e diluall 4l -9
el 35 Vi sy o yla JS A seismic hooks 4l 3 clilad ae adalii (33 5 e 5l corner of @ hoop Gsb &)y ddand o
pall IS 1)) a2iiy 10NO hé apa Eya 2.2.7.25 il llkiie iy ) g aball s Sy ae Yov G i yal) st

ety ¥k ek s andind 13 13NO Lk yaa g ale VY e Jil lad 53 lall

(1) Where the critical section occurs at the wall base, the boundary element transverse reinforcement at the
wall base shall extend into the support at least ¢d, in accordance with 18.10.2.3, of the largest longitudinal
reinforcement in the special boundary element. Where the special boundary element terminates on a footing,
mat, or pile cap, special boundary element transverse reinforcement shall extend at least 300 mm into the
footing, mat, or pile cap, unless a greater extension is required by 18.13.2.4. base shall extend into the support
at least ¢d, in accordance with 18.10.2.3, of the largest longitudinal reinforcement in the special boundary
element. Where the special boundary element terminates on a footing, mat, or pile cap, special boundary
element transverse reinforcement shall extend at least 300 mm into the footing, mat, or pile cap, unless a
greater extension IS required by 18.13.2.4.

¢ Lg JY e aedll ) jlaslisaeld 3 okl jeaiall o jall lodill diey O oy lanll 8228 Lz oal) g Uil Gaasy Laxie 10
soman sl a2l e Galall bl jeaiall gty Lavie alall ikl jemiall 8 sk s 5l 5] (e ¢ 3.2.10.18 5 il
pile sl 8 masll sl saclill A U8V o pa Yo v (aldll (ORI jemiall o jall el iy of o ¢ piile cap S i sllat

4.2.13.18 5 Lslha ,SY) saill (S ol L ¢ cap
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k) Horizontal reinforcement in the wall web shall extend to within 150 mm of the end of the wall.
Reinforcement shall be anchored to develop fy within the confined core of the boundary element using
standard hooks or heads Where the confined boundary element has sufficient length to develop the horizontal
web reinforcement, and Asfy/s of the horizontal web reinforcement does not exceed A sfyt/s of the boundary
element transverse reinforcement parallel to the horizontal web reinforcement, it shall be permitted to
terminate the horizontal web reinforcement without a standard hook or head.

Fy _nshil mludll anchored g o o g1l Aed e 100 2538 ) Jlaall Came (8 88Y) bl diay o e =10
Gl & 6 Lexie heads Al s 53 s Nooks wlilad aladiuly &k jeaisll confined core ) sass J) Sl Al Gl Jals
S bl Agfy /5 5slat Vg ccaanll Y bl ol TS Y gla 85kl eaiall confined core s sase JI (Sl
s alad (5 Y Can) milid eleil maly ccuanll JS8Y) pludll (g ) sall A yhall peaiall o jal) midecl) Asfyt / 5 cuasll

(S 8 s s LS ol Gl )

t— 1,, 2 max (c - 0.1/, c/2)
|
|
|

h, = max spacing of hoop or tie legs < 35 cm
hoop sets @ s < min b/3
! [ 6d,, longitudinal
* Bty : 35 — h,
10+ 3 cm

"

15cm
S < | Hoops/crossties also satisfy
W Agn = 0.09sb.f! /e
_.I and ACI 318 § 18.10.6.4.f
|' X "'_' 2y 0rly L
<15 cm Straight or standard bar offset,

anchored 2/, or /, in confined core

Al 2l (puda jad) ) (i Al JglaTi Y () i 18.7.5.3 i)
oakall ikl seanell JBY) sl Gl -]
Ik il jraal Cilaial ded 5 420G paad 4kl dilaiall b addiie Jsh gl jld jraal Cilaial 450 -2
550G
AU A8Mal) (pe A sunalls ) el -3
350 — h,
3
02100 oo Jil 336 Y 5 ale150 e spiead 03 Y o o

S =100+
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Table 18.10.6.4(g)—Transverse reinforcement for
special boundary elements

Horizontal web reinforcement, A, Transverse reinforcement Applicable expressions
/ be ; ,
> bﬂ 0.3{—'—[]L (a)
} Arb j;:

Asifsb, for rectilinear hoop | Greater of

009 )

il

i 4\
0.45[7 1] ©

ek ”"
11 e p; for spiral or circular hoop | Greater of
[ 2 (gnor Ly \—Confined A @
<150 mm / as appropriate core i
. A plall dilaiall 3 sial) adaiell S0 Aalisall ; Ag=lpeh
Perimeter hoop _J' Supplemental crossties _5’ Af_ Longitudinal web reinforcement
] i
” . ,
| /ﬂ /ﬂ - v l-— Through web
crosstie
b| b | e / % ,/_
. o
. o ) £ Dl ’
{42 2b, Horizontal web J
¢ reinforcement, 4,
“be
(a) Perimeter hoop with supplemental 135-degree crossties and 135-degree crossties
supporting distributed web longitudinal reinforcement
Hoop Overlap
Supplemental crossties p 5a|:t: least mtl;in‘Z(:ISJ
mm an
Hoop #1 Hoop #2 Lengitudinal web reinforcement
L — -
S, e, M
A
b| b . l “
® o/ lo . o 4 > )'
f122b, Horizontal web J Through web
i crosstie
ty< 2bg reinforcement, A,
Lpe
(b} Overlapping hoops with supplemental 135-degree crossties and 135-degree crossties
supporting distributed web longitudinal reinforcement
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18.10.6.5 Where special boundary elements are not required by 18.10.6.2 or 18.10.6.3, (a) and (b) shall be
satisfied:

(a) Except where Vu in the plane of the wall is less than 0.083) ' fc Acv, horizontal reinforcement terminating

at the edges of structural walls without boundary elements shall have a standard hook engaging the edge
reinforcement or the edge reinforcement shall be enclosed in U-stirrups having the same size and spacing as,
and spliced to the horizontal reinforcement.
(b) If the maximum longitudinal reinforcement ratio at the wall boundary exceeds 2.8/fy, boundary transverse
reinforcement shall satisfy 18.7.5.2(a) through (e) over the distance calculated in accordance with
18.10.6.4(a). The vertical spacing of transverse reinforcement at the wall boundary shall be in accordance with
Table 18.10.6.5(b)

18.10.6.5 il Sy ya¥) 4 581 cilllaia
AV Ja g ) Guiad Cand e 3Y e Aaalall 4 k) pualiall S s B

malie e (s sina puall JLEY) sl Gl ki sie gl o jall ludl) 6 1, < 0.083 AcwhVfe L oosSi Al Al 6 g

Dbl L U cioa JS6 e 481 @l laall k) moludl) Adala) sy gl okl ol )1 bl J g cili€e a1 (5585 o g 4 )k

stlaall 81 sy o o) el e 15 ST 4313 o jal) el e
illlaie giag o g Ak jaaiall (& oyl moludll (8 ppe > 2.8/fy (e ST A8l jualiall  shall palusill da0s S 13 — b
18.10.6.5 ) sasdl (b Ania sl il - 2 Sl alinl (8 (oo ol il s L 1 20 5Y o i ¢ (18.7.5.2 ato ) 5l

Table 18.10.6.5(b)—Maximum vertical spacing of
transverse reinforcement at wall boundary

Grade of Maximum vertical
primary flexural Transverse spacing of transverse
reinforcing bar reinforecement required rcinforcement!!!
Within the greater of €, 6d,
and AL,/ 4T, above and | Lesser of:
H L N .21 150 mm
420 below critical scctions
Sdb
Other locations Lesscer of:
200 mm
Within the greater of £, Seds
and AL/4 1V, above and Lesscer of:
below critical sectionsFl 150 mm
550
Gdb
Other locations Lesscr of:
150 mm
Within the greater of £, edy,
and AL/ 4V, above and L.csser of:
690 below critical sections[?] 150 mm
Gdb
Other locations Lesser of:
150 mm

[1n this table, &5 is the diameter of the smallest primary flexural reinforcing bar.

ElCritical sections are defined as locations where yielding of longitudinal reinforce-

ment is likely 1o ocour as a result ol lateral displacemenits.

X_ a | X
_; = .\.—. = ; — &M\M\é%hﬁ)hﬂ\ukm@lﬂuﬂw\w\um%
14A
h b
Ay i h(2x + a)
® © 06 060 06 0 3 °
7 |
l 14 boundary l Distributed
longitudinal bars bars
T ° ° G]’ GI) L]
2A
h S =—b
o P hs
r 0\ ° L] L] [ ]

Distributed bars, Ay, at equal spacing s
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Ties per H
18.10.6.5—| 1 juil p2 28
- f,
iZ
Special - b 2?—5
boundary || i
element —|| {1} Max. = If EL > %
>300 mm— | {il My ) "
“ 1 4Vy/ criticar  then b= 300 mm
> 0.4 for 1.95f T T_ ] section
2 bg Tor 1.201y /I \ FEEAN
(or hook as req'd.) —" ~— N Boundary element near edge

Boundary element not
near edge of footing

-

of focting or other support

Critical section per 18.10.6.2

A3 ARy pall U8 g dualdld) 48 Jhal) jealiad) asaal cilalhaia e g JS4

—020.2f,

oy
|
=

[ijadn] o)ufmfuwn

Special boundary
element required

Develop for f,, past opening,

top and bottom

0 <0.2f;

y
Ties per 18.10.6.5

L < 0.15f,

!

|

fy
Ties not required

y
Ties per 18.10.6.5

o >0.2f, Special boundary
B hy element required,
16  See Notes.

Notes: Requirement for special boundary element is triggered if maximum extreme fiber
compressive stress @ 2 0.2f.. Once triggered, the special boundary element extends

until o < 0.15f;. Since hy,//,,< 2.0, 18.10.6.4(c) does not apply.

(b) Wall and wall pier designed using 18.10.6.3, 18.10.6.4, and 18.10.6.5.
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Coupling beams a3 ) gl

18.10.7.1 Coupling beams with (¢n/h) > 4 shall satisfy the requirements of 18.6, with the wall boundary
interpreted as being a column. The provisions of 18.6.2.1(b) and (c) need not be satisfied if it can be shown
by analysis that the beam has adequate lateral stability.

18.10.7.2 Coupling beams with (¢r/h) < 2 and with Vu>0.331 ".fc Acw shall be reinforced with two intersecting
groups of diagonally placed bars symmetrical about the midspan, unless it can be shown that loss of stiffness
and strength of the coupling beams will not impair the vertical load-carrying ability of the structure, the egress
from the structure, or the integrity of nonstructural components and their connections to the structure.

18.10.7.3 Coupling beams not governed by 18.10.7.1 0r18.10.7.2 shall be permitted to be reinforced either
with two intersecting groups of diagonally placed bars symmetrical about the midspan or according to 18.6.3
through 18.6.5, with the wall boundary interpreted as being a column.

18.10.7.4 Coupling beams reinforced with two intersecting groups of diagonally placed bars symmetrical
about the midspan shall satisfy (a), (b), and either (c) or (d), and the requirements of 9.9 need not be satisfied:
(@) Vn shall be calculated by where a is the angle between the diagonal bars and the longitudinal axis of the
coupling beam.

(b) Each group of diagonal bars shall consist of a minimum of four bars provided in two or more layers.

(c) Each group of diagonal bars shall be enclosed by rectilinear transverse reinforcement having out-to-out

dimensions of at least b w/2 in the direction parallel to bw and bw/5 along the other sides, where bw is the web

width of the coupling beam. The transverse reinforcement shall be in accordance with 18.7.5.2(a) through (e),

with Ash not less than the greater of (1) and (i):
(i) 0.09sb T<

= Wit

A 4
(ii) {1.33;;&{ £ —1] I
A, S

For the purpose of calculating Ag, the concrete cover in 20.5.1 shall be assumed on all four sides of each group
of diagonal bars. The transverse reinforcement shall have spacing measured parallel to the diagonal bars
satisfying 18.7.5.3(d) and not exceeding 6db of the smallest diagonal bars, and shall have spacing of crossties
or legs of hoops measured perpendicular to the diagonal bars not exceeding 350 mm. The transverse
reinforcement shall continue through the intersection of the diagonal bars. At the intersection, it is permitted
to modify the arrangement of the transverse reinforcement provided the spacing and volume ratio requirements
are satisfied. Additional longitudinal and transverse reinforcement shall be distributed around the beam
perimeter with total area in each direction of at least 0.002b ws. and spacing not exceeding 300 mm the
diagonal bars. At the intersection, it is permitted to modify the arrangement of the transverse reinforcement
provided the spacing and volume ratio requirements are satisfied. Additional longitudinal and transverse
reinforcement shall be distributed around the beam perimeter with total area in each direction of at least 0.002b
ws. and spacing not exceeding 300 mm

(d) Transverse reinforcement shall be provided for the entire beam cross section in accordance with 18.7.5.2
(a) through (e) with Ash not less than the greater of (i) and (ii):

. S
0.09sb, =
(1) e

St

(i) 0.3sh A )L
1 .SEA
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Longitudinal spacing of transverse reinforcement shall not exceed the lesser of 150 mm and 6db of the.
smallest diagonal bars. Spacing of crossties or legs of hoops both vertically and horizontally in the plane of
the beam cross section shall not exceed 200 mm. Each crosstie and each hoop leg shall engage a longitudinal
of equal or greater diameter. It should be permitted to configure hoops as specified in 18.6.4.3

Ve = 24,4 f,5ina < 0.83 \/?; Aew

% XS A %

N Note:

e Consecutive crossties engaging the same
longitudinal bar have their 90-degree hooks
on opposite sides of beam.

NG|

g P, Transverse reinforcement
N }/spacing not to exceed 200 mm
Transverse reinforcement b|7—-|
spacing not to exceed 200 mm
Section B-B
CODE COMMENTARY
Horizontal beam —| {=—Spacing not exceeding
reinforcement at wall smaller of 150 mm and 6dj, A4 = total area of reinforcement in
does not develop f, - > / each group of diagonal bars
« £
\ 6% B
i
| ]
\k 2 /$t Note:
“ué ' For clarity, only part of the
ne UK required reinforcement is shown
<> h s . oneach side of the line of
B~ : =Sl \ symmetry.
Rl |
e | \
// \ ™—Wall boundary
‘ J )"’ reinforcement
b
{ | B | {
I .gn 1
Elevation
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Example &JJ..&.AJI_a daldl) adl) o) jaa Aana u.L: JLia

Story GL - RC Wall 1

tw=400mm

Pu=14221.1 (KN), M3=17366.33 (KN.m),  Vu=1377.22(KN),
Fy=420mpa , fc'=30 mpa
Hw =46400mm Lw=4400mm hw=3500mm
Solution

Ao=400*4400 =1760000 mm2
Vc= 0.083Ac AVfe!

Ve= 0.083*1760000%1*/30 *107-3 =800.1 KN < Vu
Take p, & p,>0.0025

< Check if need one or two curtains

Use two curtains if Vu > 0.17 x AcvxVf'c OR I:—W > 2

%%

0.17 x Acvx+/f'c = (0.17)x1760000x V30 * 1073 = 1638.78KN

Hw _ 264 _ 10.45 > 2
Ly 4.4

. Use two curtains of reinforcement

< Check for shear capacity
Ve = Q,w, V<3V,

Hw _ 264 _ 1045 1.5
Ly 44
Q, max of:

Mp _ 17366.33/0.9 _
Mu  17366.33

1.5

1.11

Use ,=1.5
ng=24  w,=13+2 <18 Wv:1.3+§:1.82> 18  Take 18
Ve = 1.5%1.8%1377.22=3718.49KN < 3V, ok

@Vn = (acxAxy f'c + pxFy ) Ay

Hy,
oac = 0.17 For L_ > 2

w

am

w 46

4
E=H= 1045 > Use ac = 0.17

[330]



onspsslidy o A3 Lysha o=l glysa - stlell 4l
p, = 0.0025

@V, = 0.75x(0.17x1.0x+v30 + 0.0025 x 420 )x1760000 1073
=2615.08KN @# V, <Ve not ok

Find the Pt:
3718.49 = 0.75x(0.17x 1.0 x V30 + p,x 420 )x1760000 x 1073

p: =0.0044
Use 916 , At=2 *%*16"2 =402.12 mm?2

=22 _ -2285mm  use 16@200mm

0.0044+400

_ 40212

Pt 5 004200 0.005

@V, = 0.75x(0.17x1.0x+/30 + 0.005x 420 )x1760000 10~3=2581.08 KN
0.66Acv Vfc = 0.66* 1/35 *3000000* 1073=11713.84 KN
V, < 0.66AcvVfc ok ... <ulicadaidl

< Check if we need Boundary element

Find stresses at farthest fibers:

P M.
If: fc = K-I—Ty > 0.2 f'c  Use Special boundry element .

400 * 44003
[=— =283+ 10" mm4

12
142211+ 1000 17366.33 x 10 x (42;4) x 1000

fc = = 21.58 MPa > 0.2x30 = 6 MP
¢ 1760000 2.83 % 1012 4 X a

use boundary elemente
< ckeck beam column
0.1* fc*Ag =0.1*30*4400*400*1073 = 5280KN< Pu = 14221.1 KN ....... So beam column

< Design For Flexure and Axial force

Pn:% 12211 _ 15001,
22 KN
Mn:% = 173062'33 =19295.92 KN.m

< Reinforcement from interaction diagram
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P 15801.22%1000
Kn= —— = =0.299

fc'xAg  30%4400%400

Mn 56237%10° h—(2%0.1¥h) _ 4400—(2%0.1¥4400)
Rn=—"—= =0.083 = = =0.8
fc'xAgxh  30%4400%400 h 4400
~ l 8 NS
INTERACTION DIAGRAM L5-60.8 h
Je=5ksi I -
Sy =060 ksi

Kn = Pn/ft.‘/‘x

0.0 L i
0.00 0.05 (

From interaction diagram

p=0.01

J0 015 020 025 030 035 040 045 0.50

As =p *h xb =0.01*4400*400 = 17600mm2 use 48 @22 , 24 922/end

Boundary element transverse reinforcement
C
Lg = max 2
C—0.1Lw

a Pu+ASx«f: 14221.1¥1000+17600%420

Cc=2 a= Y = =2118.9 mm
B 0.85xfc’*by, 0.85%x30%400
a

_ 21189

C= = 2648.62 mm

B
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2648.62
Lg = max { — - 1324.3mm }
2648.62 — 0.1 x4400 = 2208.62 mm
UseLb=22m

< Check for the hx spacing

2 2
Hx= min of {Eb =35 *400 =267 mm
350 mm

Maximum spacing of transverse reinforcement should be determined as follows:

} so hx=267 mm

( 6Db =6x22=132mm

b 400
§ = T = 133.3mm
S = min of <« 350 — hx >
100 + T = 127.6mm
\ 150 mm J
Use @10 @ 100 mm
< Required cross section area
4400%400 30
0.3 ((4400_40*2)*(400_2*40) — 1) * o 100 * (400 — 80) = 187.3mm2

Ash=max of 20
0.09 = pevi 100 * (400 — 80) = 205.7 mm2

Ash=210mm2  Use5@ 10
< The vertical transverse reinforcement spacing

6xdb=6x22= 132mm}
150mm

< Development Length of Horizontal bars to boundary element

(1.25fy) = d, _ 1.25%420+16

s:mmm{

= = 284mm
ld = 2.5 xmaxof S44/fc 5.4+ 1%30 = 720mm
80l1D =8x%16 =128mm
150mm
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C ) E F G N 0 P Q K S | U v
30 Mpa U\:UIII\J\.IJ GOV JUIL & Tl u\.uJIHII VI Jivul
2liga walls
m Gl Ll UJ c,z.,j iy ERR (1Y
b selon designed according fo AC|
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Geometry designed actions
story NO. [ h (thick) [ Lw story Wall | location case Mu 1
mm | (length)mm | height(mm) | height(mm) | of¢.s | Pu(max) | NO. [Pu (KN)| (KN.m) |Vu (KN) added steel
casel | 108179 | 9566.62
wi 400 4400 3500 46400 | bottom | 18115.57 | case2 | 181156 | 9554.77 |1940.16] 2 220 1000257 [ 220 [0.00257 [ 2830.824 [ ok | ok Need
cased | 2924.32 { 17380.8
casel | 14221.1 | 17366.3
wi 400 4400 3500 46400 | bottom [17519.76 | case2 | 10222 |17368.9 |1982.77| 2 220 1000257 [ 220 [0.00257 [ 2830.824 [ ok | ok Need
cased | 17519.8 | 17357.1
casel | 8746.59 [ 141249
w2 400 4800 3500 46400 | bottom [17116.33 | case2 | 171163 | 14117.2 |1916.58| 2 220 1000257 [ 220 [0.00257 | 3088.172 ok | ok Need
cased | 2802.5 [ 16826.7
case! | 10144.5 | 16816.7
w2 400 4800 3500 46400 | bottom |13936.98 | case2 | 5567.24 | 16819 |1950.06] 2 220 1000257 [ 220 [0.00257 | 3088.172 ok | ok Need
cased | 13937 | 168113
case! | 2689.44 | 3154.81
W3 400 4400 3500 46400 | bottom | 13367.75 [ case2 | 13367.8 | 2997.78 | 13055 | 2 220 1000257 [ 220 [0.00257 [ 2830.824 [ ok | ok Need
cased | 8652.02 | 9861.48
case! | 7583.35 | 9640.92
W3 400 4400 3500 46400 | bottom | 8652.02 | case2 | 8652.02 | 9861.48 | 13055 | 2 220 1000257 [ 220 [0.00257 [ 2830.824 [ ok | ok Need
tson as beam or beam-2olumn eheck o column dimension Special boundeary elements
B.E bar | (fange) [n (column) | Plsingh) | Psotel NO.ofbars | Psactal | cheekof | cheekof b boundary |checkof | etent | need for accoding
ste(mm)l mm | mmo [ beam | valske [case confol check ofsecon | eachend | (BEsie) | seelrao | spacng | () [ SBE [ ofSBE | defals | to | S(m)
- 00041 compersion 1065 {Ohin=[ 16783 | o
/I I 00035 comperson (065 (Obn=| 12398 | ok [%2|0(22| 008 | ok | motok | 244 |Requred(eended| need (21764] 100
001078 0.0135{pure moment| 0.9 [Ohin=] 18424 | ok
- 0004 compersion | 069 |Ohn=| 18253 | ok
2140|1000 e 00033 compersion | 085 0hn=| 17863 [ ok (32|0)22| 004 | ok ok | 215 |Requred)eended| need | 21764 100
- 00133 compersion | 063 0hin=| 20807 | ok
- Q004] compersion (065 |n={ 21776 | ok
6| A0 | 10 fe 00033 compersion | 085 00n=| 18420 ok (27{0) 20| 000 | ok ok | 261 |Requied)enended| need (21764 100
000861]  0.0135pure moment | 0.9 {Oln=[ 18472 | ok
e 00041 compersion {065 |On={ 20733 | ok
| A0 | 100 | 0008 0003 puremoment| 0.9 (OMn{ 18472 ( ok (27(@)25 0001 | ok ok {808 (Requred{exended | need | 2764 100
o 00135 compersion (063 |hin=) 23828 | ok
000182 0.004)pure moment| 0.9 {Obn=( 3972 | ok
2140 ] 100 fe o0l i 0s5loen=l 20t | ok |R(0]2( 004 | ok ok 128 |Required|exended | need | 21764] 100
- 00133 compersion | 063 Ohin=| 21941 | ok
o 0004) compersion (065 |n={ 18311 | ok
2| 40 ] 1000 00033 compersion (065 (Ohn=) 17886 | ok |32(@[22( 00504 | ok ok {179 (Required |extended | need | 21764 100
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W3

400

4400

3500

46400

hottom | 13367.75

268044

315481

13367.8

2087.78

8652.02

9861.48

13055

20

0.00257

20

0.00257

2830.84

ok

ok

Need

W3

400

4400

3500

46400

bottom | 8652.02

7683.35

9640.92

8652.02

9861.48

7583.35

964082

13065

20

0.00267

20

0.00267

2830.824

ok

ok

Need

W4

400

4800

3500

46400

bottom | 17910.14

73%6.91

§123.9

179101

5042.32

7755.36

153221

126347

20

0.00257

20

0.00257

3088.172

ok

ok

Need

W4

400

4800

3500

46400

hottom | 8207.54

8207.54

152043

7766.36

15322.1

§207.54

15204.3

126347

20

0.00257

20

0.00257

3088.172

ok

ok

Need

WS

400

2300

3500

46400

hottom | 642381

199468

545.35

6423 81

54047

3811.39

1370.88

51341

20

0.00257

20

0.00257

1479.749

ok

ok

Need

WS

400

2300

3500

hottom | 5046.88

291291

1363.57

617.74

1366.1

5046.88

136121

§79.23

20

0.00257

20

0.00257

1479.749

ok

ok

Need

AD v AU

Ar (HOAT A

R

AR

AL

AM

AN

AV

Ar

A

AR

Al pure moment | 09 (Ohin=

aal  |065(0Pn=

5] comperson {063 (Dhn=

1128

Requred | entended

feed

21764

Al comperson (063 Dhne

0.0035] compersion | 0.65 |Blin=

0.0139] compersion | 0.65 |in=

Reared | extended

fed

21764

Al compersion | 069 {Ohin=

aal  |065(0Pn=

i

Required | exended

negd

2764

Al compersion (063 (Dhine

5] comperson (063 (Dhne

5] comperson (063 Dhine

Reaured | extended

feed

21764

Aipure moment | 09 (Ohine

aal  |065(0Pn=

0013 comperson |0.65 |0Nn=

Required | exended

negd

2764

Al compersion | 069 {Ohinz

0.0035| pure moment | 0.9 |On=

0
;
}
0
;
3
!
}
3] compersion | 065 Dhin=
!
;
}
!
;
]
!
;
}

0.0139] compersion | 0.65 | 2=
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Fig. 15.1 Piled basements: (a) Piles in clay: (b) piles in sand: (c) piles through clay to rocks:;
(d) piles through soft clay to hard clay: (e) piles in layers of clay and sand.
- : .

=
~

R

\
\
X

N

SOURNRRNNNY]
SOURNANRNNN]
NOCURONNNG

- b

QULLIMIMIINNY

(a) In clay (b) In sand

_\3
H
if

_—

) “4—Rebar Luloh Load =

4 Caisson Sy

—
—-"'""_"“‘,L"
AR Rt .

g

\
i
¢
[
[

tTTrttet

A YA (san) (e 45 YAl Asl AL e (sLiSY

i) Al 3 55 3 (3l 53l JAlS Cum 185 514 Rl o (@) s

322



& pemn M5 S e Jay () A8 a3 3 Al g A8 5 5la Al o (b) Al

Aeall e lasigll 2305

s ) dgdabia) 4 55 JAA LS e o)) Al dus 408 5 A8 ;(c) Al

la

Lol O (Al ae b Gada J3A S e (3 A0 s A8 5 58 A8 (d) Al

dall g ae bl galall (e Aol liada 8 LS e (3 )1 sad) das 48 5508 Al ;(e) Al

ddg Al Aol gl gl

o gagd) (zaadant 48 g LAd) Al |
e ) (e Al SIS 5 Jaall 3508 ¢l jlie] (e kel Ll (65 G angy Mvie A8 (el RS Ledie
sl o g o L5 Al e Jalsall KU Jaall (e 6 3 (a3 (5 ) gl ld Gllal g Ja gagl) d 5ol 30
sl 85 A Gl (e B () sSans A sllaall (2 3) 58l dae 5 e = samaall 25081 Gania (55 i i
Ao sanall il cuiatl 35 A [l < je 6 e ST S 05 Al 0da 3l ) (o ddladll
Loas U sia 5 sSms (53) ISH 530 530 Jani5 )38 () J e sl galin (5201 Ja gl o ) oy 0023
s O jrae saa) o 5 A Sl 5 seaill glaad 308 ) diay des Jeady 950 () e oy L
Jodd Ll Jeall aladind 2ty ool HUaill 8 Cas il 351580 2l (e 48 5 JA) 48
8 s 15k (5S598 LS 5 4y paoall Akl N Jgeasl) ) zling Y oUaill 13a 8 (32 5) sl s o LS
Yk ST SV Jaall 13 G5 Al 5 Cun Jaall 58 55 oy

Jlaa¥) Ja3 48 ¢ 5A Adaly v
slae o suuie e o Ay ) it Adal) L (555 Al VAl B andiy Cum ol & gill sa 138
(oS o i o5 Al 5 o e
G A ) L) e ilall Jaadl JS i () Gang s (oa )Y el (sl (6 8 a gl o oy Al L
A5 G ) il ) gles gl
ALl A 8 4 sl @l e ST ¢ S Alad) o2a 8 4 slladll (53] Al sae

10 i) O LA A 68 Jlia

323



N 5.69x70
w 150

The FS against bearing =265 (safe)

Assuming E, = 90 x cohesion; E; = 90 x 70 = 6300 kN/m®

095(gB)(1—47%)
E

5

Elastic settlement of raft AH =

0.95x150x15(1-0.35%)
) 6300

=0.29 m = 290 mxm
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G5l eie g siadl J sall ¢ 55 aay <
Timber Piles Auds &)la -
Concrete Piles Adbuja Gjlss -
Steel Piles Ayaee @ilsa -
Composite Piles A4S« @il -

Jaayldd) )k cuesy <
Driven piles 43 faall 323 a1 -
Bored piles &8sl a3l sal -
series movement piles axlslll &)l &l -
Vibration piles 4 yay) @) &l -

Piles system (&Jlsal alai =
s e salu ) Jasi a5l 3l de gana s (Pile cap) sabusl (e sS4 5 AL clulu) ol
Nele 3385 sall G W1 ) Jeal Jai s s Al 5 L )l sall e alaall Jesl

3 _dall (53l Al
g sbie liliaay saclie -
dass A5 (Tie beams) Aad ) suall) lalall i (Pile cap) ssbuslly Alaie -
.(Pile cut-off level )35 )&l 4le (s sime (A Liiall ) 55l Loy e la 50
daall 48 50y s Lindl dpe 5 e slaie Y dalin pilaibae 8 Lati 5 oSy -

Load distribution Jwa¥) gajsi =
Aald e (8 OS5 pulal) ol s Al o5 A8 5 A1) b LAY a3l (85 5 a3
A A8, k) aladi) Say
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Behavior of piles under loading Jsaadll cad 33 sad) & slu

o adY) 538 el Jaall Gabai o aaied 4 gusal) sl dad gial) Jaaill 5,08 O e (5151 A aalal

6 snail) Jaail) 5508 3 Sy s (55 s gt (pe Liaasd Byl 5 58 amy @8 gall 300l 4y jill da gy
BN E

ool sl g 5ol A 1 ailiad (e Janill 558 b g dany al) sl pladia)
Al B Gl duaad il jlad) -

() Jaany 438 Aaglite Jrend < sl 3 Lsy a5 ) i Jaaa Jaad (35 3800 iy Laic

(383 13) g L sagll-Jaall Jalade 8 A Adail) s () e ad sl el (5 3Ll g Ay i) g Uil Aglad) b
any daall 3oy Ledie 5 o) daay () 3 sea (35 ANl ) ol Adaiil) o3 s A e gl 3 Jaal)

Initial loading
f Base resistance

] C
U .
Pile head vertical settiement (5) Pile head vertical settlement (8)
OD vt s

\

-t
s
<—
e
<t

30

{
/2 g 5
Base of pil
Bissreaction  Ap < g Full base
o resistance R,
9 F = 4R, b)F=R, ¢ Fc=R,=R,+R,
+AR,

Figure -1 axial compression of pile
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S,r=

Pile's settlement (&:)\sall g
Se=S;+5,+5,
SN Lgsed 8,
AV oo 2 byl — S
IS Y oe ) bl — 8
Joesll co (2 Lol 8,

Sf Ayl e S b gl o]

Qp * I+ (1 —ps)* diameter of pile
*
surface area E, )

= L
I;=2+035 |%/,

Gl lSia] dajia ¢ Q@
dsall dsb — L
Gl sk — D
LAl Jalas Iy
Gy Al Ladadl Aaludll «— DL
B )a) 5k e % (0.2~0.6) 5> 5o adll o2 () Sisale
Sp SV oe AUl gl 22

_QprIpyx(1—p*) D
B 4 )

IS Jaais )8 «— Q)
G el adiie dalus A
L A pe Jalas — E
0.85 = G QU )
0.35=0slpisd—
B AN Hh3 e % (4~10) O el 2 5SS
Sp il oo 2 ol bl -3
Gl Jsb o MYl a5 Slo aaingus ¢ pall Do gl

(Qp +aQp)+L
A=*E,

Sp=

:\jL.a)ijlajJ‘)adal.ua(—Ec

Sl 22550 0.67 5 (Sl ahailly aliiial) NG 0.5 05855 G580 Jsb Slo MaY ajlin o 2diny Jilas — @

Jall b LS lisiasll
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Raft's settlement 4dulll bga =

[1 - f-'[z) # 1, —(
E, B
Ls.AA:\n
J
— B
oa e
il
A &5 e Jabae —E
35.0 = 0wl 52 At M
Al Jalza «—lw
TABLE 14.1 Influence Factor /,, (IS 8009, Part |, 1976, Table 2)

S;=q+B+*

Flexible foundation

Shape Centre Corner Average Rigid foundation
Circle 1.00 0.604 0.85 0.86
Square 112 0.56 . 0.95 0.82,
Rectangle

LB =15 1.36 0.68 1.20 1.06

LB =20 1.52 0.76 1.30 1.20

L =50 2.10 1.05 1.83 1.70

L =100 252 1.26 225 2,10

TABLE 14.2 Approximate Modulus of Elasticity (E;) and Poisson's Ratio () for Various Soils

Type of soil E, (10% kN/m?) Jli

1. Clay
Very soflt 0.20-1.50 0.30-0.5
Soft 0.50-2.50
Medium 2.50-4.50
Suff 4.50-9.50
Sandy 2.50-20.00
2. Sand
Loose 1.05-2.50 0.2-0.40
Medium densce 1.73-2.76 0.25-0.40
Densc 4.80-8.10 0.30-0.45
Silty 1.05-1.75 0.20-0.45
3. Others
Gravel 10-20
Broken stone 15-30
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TABLE 14.3 Allowable Maximum and Differential Settlement of Buildings {mm)
(IS 1904, Table 1)

No. Type of Steel Reinforced Plain brick walls Warer
siruciure Sframes concreie multi-storeved rowers’
Sframes LH<3 LiH>3 silos

1 Isolated foundations
(a) Band and hard clay

Maximum (mm) 50 50 . 60 60 40

Differential {mm) 0.0033L 0.0015L 0.00025L 0.0033L 0.001L5L

Angular distortion 15300 1/666 . 14000 L3000 LI666
(b} Plastic clay

Maximum (mm) 50 75 80 20 75

Differential {mm) 0.0033L 0.0015L 0.00025L 0.0033L 0.0015L

Angular distortion 17300 17666 L4000 143000 11666

2 Raflt foundations
(a) Sand and hard clay

Maximum (mm) 75 75 - = 100

Differential (mm) 0.0033L 0.002L - - 0.0025L

Angular distortion 1£300 1/500 - - 1/400
(b} Plastic clay

Maximum {mm) 100 100 - - 125

Dilferential {mm) 0.0033L 0.002L - - 0.0025L

Angular distortion 1/300 14500 - - 14400

Pile-soil Interaction @sJjadls 4l o Joldal) =
el G el ey 2l o sy asanail) 8 Leadivsall dpilall cila il 5 Gaill 5 355080 a5 50
(e IS 1) gumse 5h 3 a8 ) (553l 5 sl Gandl (e Al () 685 Laie 4 5ill 5 (55 A ) slans)
Aol dally B lea (35380 i) (Sary T (g sl 5l e B
Pile spacing (:J\sa (m clilual)
el e ae 2aa3 O Cangy (5251 sA) G Adlisal)
wa ¥ dayh )
SN ddy ,h LY
G5l de sane ils Y
B skl L3y pealiall g (3 sal led) aadd RS 5% o) g -t

S=2.5%D + 0.02 L AV Gl sl
S=3.5%D + 0.02 *L KON RE RPN

IS ) 358 o apaall sk S50 ) S5l o 235 (Al B

Chicago, 1994 BOCA, 1993 g

NB 921,
(sec.13-132-120) C, 1976 (Sec.921.1L) (Sec. 1013.8) s al

2Dor2H>760 mm | 2D or 1.75H>760 mm | 2D or 1.75H > 760 mm Slia|
2Dor 1.75H>610mm |2Dor 1.75H > 610 mm $ IS5

IS (5555 53 1 gl 1) I 35 AN S e (e A ) el WS

Load (ton) S (in) Load (ton) S (in)

P <60 15 200 <P <280 30
60 <P <120 21 280<P 36
120 <P <200 27
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Load carrying by piles at specific settlement
total load at the same settlement

Hepgrr OV Opp =

settiement of piled — raft

R™ settlement of raft without piles

Design of piled-raft 4dgjil Ll paai =
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BN
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Figure 14.3  Relation between apg (ratio of load carried by pile to total load on
the foundation) and Sg (selllement reduction ratio in piled rafts).
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Table 13.4.2.1—Maximum allowable compressive
strength for deep foundation members

Maximum allowable
Deep foundation member type compressive strength (']

Uncased cast-in-place concrete drilled

or augered pile P, =0.3fAg + 0414, | (a)

Cast-in-place concrete pile in rock
or within a pipe, tube, or other
permanent metal casing that does not
satisfy 13.4.2.3

P,=0.33f/A, + 0.4£,4, | (b)

Metal cased concrete pile

confined in accordance with 13.4.2.3 Pa=0.4f'4, (©)

Precast nonprestressed concrete pile P,=0.33f'A; + 0.4f,A; (d)

Precast prestressed concrete pile Pa=(0.33f'-0.27fc)4s | (e)

(114, applies to the gross cross-sectional area. If a temporary or permanent casing is
used, the inside face of the casing shall be considered the concrete surface.

(214, does not include the steel casing, pipe, or tube.

i Slie Y1 8 W daT Cany Tind o 4y sl Aipaal) Al a0 CHLLLLY) jualie 8 Liaeall (i)
Ay VAT Csaa 130 g i

s iall 5 saall Jaall a6 3a (s A glial Y andin Y1 sy aanadll )

G (e (955 O s A8l Gl 050 O g osY) Y

1.7 mm o J8 Y Gay oD A<l oY

el o o sSTg alal) Ganall 88 ity alaly 835 30 5 Aagale e 0585 () oy oY) ¢
Ll g0 4y saamal) Dl AN as e Jond o

deals 6 Y e Al All g pmdll daglia ) oSl g paimndl) daglie G dsaadll -0
210 MP 81 e ¢ 53 of comg & el

400 MM st s e JB 0 5% Of g eaiall ) il 1
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saaall 4 il KK tgalual T 20a 5 Casy da sensal) Adiaall LY A 5l

aaatl daglial) <

A8 s () am Adraal) Ll Asaatl) A glidl)
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PSn>U
‘ ; ‘ oM, = M,
s obie YL 33T sy Qa1 oy Ja03 L8305 a0l (e (Y1 Lranaie
oV, =V,
0T, = T,
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Table 13.4.3.2—Compressive strength reduction

factors ¢ for deep foundation members
Compressive strength
Deep foundation member type reduction factors ¢
Uncased cast-in-place concrete drilled or <
augered pilel!} L2 @
Cast-in-place concrete pile in rock or within
a pipe, tube,F] or other permanent casing that 0.60 ()
does not satisfy 13.423
Cast-in-place concrete-filled steel pipe pile®) 0.70 ©)
Metal cased concrete pile confined in
accordance with 13.4.2.3 053 ©)
Precast-nonprestressed concrete pile 0.65 (e)
Precast-prestressed concrete pile 0.65 (63)
(The factor of 0.55 represents an upper bound for well understood soil conditions
with quality workmanship. A lower value for the strength reduction factor may be
appropnate, depending on 5oil conditions and the construction and quality control
procedures used.
IFor wall thickness of the steel pipe or tube less than 6 num.
BIW%all thickness of the steel pipe shall be at least 6 mm.

applied load P,

= bearing capacity Qiorar
N applied load B,
2 ¢ Fg Ag

s psanail) Gighd o
:LRFD gk =
Quotal ASiaY) 5 1S5, Janil) 5,08 Gla A o A0S all Jasill 5,08 alayl -
¢ Fg Ag @Lﬁu}“ d.q;.d\ 'é)ﬁ g_al.m; -
bl Jeadl Glua - B, =125P,+175PR,
Ao gl 3 Al dae pass -
llal) il bl aas Gl 5y -

Gl oA aranail Al (gilea  w
Y G gsie Joud Adumica Ada Caaal 65 La 13) 5 IS ) 5,08 al gaatl HUAS 4y 3 &1 Ji gkl oY
Ll 43306 (e dadall @l g slall pdandl 5 (3 ) AN Sl G Gandl Jiy Y Cand
SOV ARda b G LAl B Ul 4336 6 jlaie Band (35080 de cany oY
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ACI 318 -19 358N quuany (3 3 A zealedi g JB1 m

Table 18.13.5.7.1—Minimum reinforcement for uncased cast-in-place or augered concrete piles or piers

SDCC- SDCD,F,2nd F— SDCD,F,and F—
ALinimuom reinforcement All Site Classes Site Class A, B, C,and D SiteClassEand F
R PG i i < 0.0025 0.005 0.005
N oo (minimum number of bars in (minimum number of bars in {minimum number of bars in
patip (e mpmbec ot ban) accordance with 10.7.3.1) accordance with 10.7.3.1) accordance with 10.7.3.1)
Longest of (a) through (d): Longest of (a) through {(d):
(2) 173 pile length (a) 1/2 pile lenzth
®3m ®3m s
Minimmum reinforced pile length. (c) 3 times the pile diameter (c) 3 times the pile di; Full la::glh o?ﬁ’: iuncmm
(d) Flexural lenzth of pile - distance | (d) Flexural lenzth of pile - distance with [1] er [2).
from bottom of pile cap to where from bottom of pile cap to where
0AML, exceeds M, 0AML exceeds AL,
Length of 3 times the pile diameter from the | 3 times the pile diameter from the | 7 times the pils diameter from the
reinforcement zone bottom of the pila cap bottom of the pila cap bottom of the pils cap
Minirmim of No. 10 clozed tie or 10 mm dizmeter spiral for piles <500 mm
Transverse s . 2 diameter
Type of transverse Clozed tiex or spirals witha Minimmum No. 13 closed tie or 13 mm diameter spiral for piles > 500 mm
info reinforcement minimum 10 mm diameter dizmeter
zone In accordance with 18.7.5.2
5 and Spacing shall not exceed lesser | In accordance with 18.7.5.3 and not | In accordance with 18.7.5.3 and not
of ransverse of 150 mm or 8 longitudinal bar less than one-half the requirement | less than the requirement of Table
reinforcement diameters of Table 18.7.5.4 Item (&) 18.7.5.4 Ttem (e).
Minimnm of No. 10 closed tie or 10 mm diameter spiral for piles < 500 mm
dizmeter
Type of transverse | Closed ties or spirals with minimum | \finimurm of No. 13 clozed fie or 13 nm dizmeter spiral for piles > 500 mm
Transverse reinforcement 10 mm diameter Jizmeter
reinforcement
in remainder of In accordance with 18.7.5.2
'“"!""“e"‘”h oior i Spacing shall not excead the lexst of (2) through (c):
& of transverse Maxi ing of 16 (2) 12 longitudinal bar diameters
& longitudinal bar diameters (b) 112 the pile diameter
reinforcement (c) 300 mm
[1] For piles suficiently embedded in firm 20il or rock, reinf: et skall be p i tobe d a length above the tip equal to the lesser of 5 percert oftke pile length and
33 percent of the lezgth of the pile witkin rock or firm soil.
(2] In lisu of providing full lenzth mini: Hexural the deep foundstion element sball be desigmed to withstand d from the X

grourd motions and strocturz] resporse. Corvztares skall inclode frea-field 10il strains

dified for soil-foundzt

i E s
interaction coaplad with fourdztion element deforma-

tions associzted with earthquake loads imparted to the foundation by the structure. Minimum reinforced length skall rot be less than the requirement for SDC D, E, or F; Site Class D,
Gbaal) Jsaall ) Ala) 5 sl ) i (mad il mm

o J8 Y ASlewsy anal) i) ) pale 05 3l by 0f oy (Tiane Aalaall Al A0 Gl 580

G aaia & bl 5 4 5l Bl 8 e 25E0 Aldiaall 5 jlall <l ) e dpesas S 2 mm

oAl dalse sl 4 sall bl
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End view Top view

Fig. 11.3 Details of a pre-cast reinforced concrete pile.
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cast iron shoe x =3 for sand
with wrought x =4 for gravel
iron straps

76 mm dia. Helical binding
[ 50 mm pitch on
16 dia. bars 2 1o

3D long

Fig 11.1 Arrangement of reinforcements in pre-cast driven R.C. piles. Distribution of laterals
along the length of the pile as percentage of volume of pile.
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Alternative shear locations
(wide-beam or two-way action)
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If pile is D/2 or more outside Critical for moment and bond

critical section (or any L —-|

section) use full pile load.
If pile is D/2 inside, do not use.

g . . D,
For intermediate locations pe
use linear interpolation. ( id LY‘D BL Weight of slab

Tp Te

Figure 18-8  Critical pile cap locations for shear, moment, and bond computations according to Chap. 15 of
ACI 318-
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Top hat steel to resist
punching if punching shear
Kif d is not adequate

d

718
1 UL
A\

(Discontinuous steel)

(a) Section

(Y.
—— i
1% -
T

(b) Plan

Fig. 11.5 Pile to foundation connection in pre-stressed piles: (a) Top hat reinforcement to resist
vertical reaction if punching shear is exceeded; (b) diagonal bars provided to replace
continuity of bottom steel.

—— Pile | q
e @l P
o) o* o o |o (o) 0 o __la___o L [o}
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il
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Fig. 11.4 Pile cap connection details of solid reinforced concrete pile: (a) Detailing anchorage
to carry only compression; (b) and (c) detailing of anchorage length to carry
compression and bending.

(Note: In case (c), cap extended to length E when bearing area is required to carry any horizontal
load.)
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STARTER BARS FOR COLUMN
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Three-pile cap
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Six-pile cap
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‘;L-.u.njl\ AM 40 = as
okl aseall 30 = g
Af\S)S\ AM 20 = as
d/i2 h x
arz | | ] d/2
o W |®
y | d/2

L sliad 210 ASland) 038 O (e (B8 s ol Jsaadl i s MM1100 o ASLasdl Gl 81 Aol 8 o

o A (E PV EQ
P KN POSITION bmm [ hmm [ tmm | dmm |bomm | @vel | @vc? | Dvcd | ©vc (KN) | CHECK
8302.83 | EXTERIOR 500 1200 | 1100 | 1034 | 7536 |15771.5| 192205 | 10205 | 1020506 | OK
1356.21 | EXTERIOR 500 1200 | 1100 | 1034 | 7536 |15771.5| 192205 | 10205 | 1020506 | OK
185.09 EXTERIOR 200 500 1100 | 1034 | 5536 |11585.8 | 17858.1 | 7496.7 | 7496712 | OK
5.33 EXTERIOR 200 500 1100 | 1034 | 5536 |11585.8 | 17858.1 | 7496.7 | 7496712 | OK
197.11 EXTERIOR 200 500 1100 | 1034 | 5536 |11585.8 | 17858.1 | 7496.7 | 7496712 | OK
10.15 EXTERIOR 200 500 1100 | 1034 | 5536 |11585.8 | 17858.1 | 7496.7 | 7496712 | OK
§339.65 | INTERIOR 400 1200 | 1100 | 1034 | 7336 |15352.9|19084.2 | 9934.2 | 9934227 | OK
629.71 INTERIOR 400 1200 | 1100 | 1034 | 7336 |15352.9|19084.2 | 9934.2 | 9934227 | OK
602539 | EXTERIOR 400 1200 | 1100 | 1034 | 7336 |15352.9|19084.2 | 9934.2 | 9934227 | OK
35.4 INTERIOR 400 1200 | 1100 | 1034 | 7336 |15352.9|19084.2 | 9934.2 | 9934227 | OK
§238.31 | INTERIOR 400 1200 | 1100 | 1034 | 7336 |15352.9|19084.2 | 9934.2 | 9934227 | OK
27.39 INTERIOR 400 1200 | 1100 | 1034 | 7336 |15352.9|19084.2 | 9934.2 | 9934227 | OK
9547.76 | INTERIOR 500 1200 | 1100 | 1034 | 7536 |15771.5| 192205 | 10205 | 1020506 | OK
125.27 INTERIOR 500 1200 | 1100 | 1034 | 7536 |15771.5| 192205 | 10205 | 1020506 | OK
9200.69 | INTERIOR 500 1200 | 1100 | 1034 | 7536 |157715| 192205 | 10205 | 1020506 | OK
142 89 EXTERIOR 500 1200 | 1100 | 1034 | 4968 |10397.1 (139494 | 67275 | 6727.541 | OK
6633.56 | INTERIOR 400 1200 | 1100 | 1034 | 7336 |15352.9|19084.2 | 99342 | 9934227 | OK
439,34 INTERIOR 400 1200 | 1100 | 1034 | 7336 |15352.9|19084.2 | 99342 | 9934227 | OK
854376 | EXTERIOR 500 1200 | 1100 | 1034 | 4968 |10397.1| 139494 | 6727.5 | 6727.541 | NOT OK
143.41 INTERIOR 500 1200 | 1100 | 1034 | 7536 |157715| 192205 | 10205 | 1020506 | OK
488126 | EXTERIOR 400 1200 | 1100 | 1034 | 7336 |15352.9|19084.2 | 99342 | 9934227 | OK
838.91 EXTERIOR 400 1200 | 1100 | 1034 | 7336 |15352.9|19084.2 | 99342 | 9934227 | OK
839556 | INTERIOR 500 1200 | 1100 | 1034 | 7536 |157715| 192205 | 10205 | 1020506 | OK
12491 INTERIOR 500 1200 | 1100 | 1034 | 7536 |15771.5| 192205 | 10205 | 1020506 | OK
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6154.79 INTERIOR 400 1200 | 1100 1034 7336 |15352.0 | 100842 | 9934.2 | oo934.227 OK
26.12 INTERIOR 400 1200 | 1100 1034 7336 | 153529 | 190842 | 99347 | 934227 oK
185.52 INTERIOR 200 S00 1100 1034 5536 | 11585.8 | 17858.1 | 7496.7 | 7496712 oK
1426 INTERIOR 200 500 1100 1034 5536 | 11585.8 | 17858.1 | 7406.7 | 7496712 oK
8196.15 EXTERIOR 500 1200 | 1100 1034 7536 | 15771.5| 192205 | 10205 | 10205.06 oK
1177.93 INTERIOR 500 1200 | 1100 1034 7536 | 157715 | 192205 | 10205 | 10205.06 OK
172.59 INTERIOR 200 500 1100 1034 S536 | 11585.8 | 17858.1 | 7496.7 | 7496712 oK
a21 EXTERIOR 200 S00 1100 1034 3268 |6839.32 [ 127914 | 44254 | 4425 444 oK
5493 .47 INTERIOR 400 1200 | 1100 1034 7336 | 153529 | 190842 | 99342 | 934227 oK
62471 EXTERIOR 400 1200 | 1100 1034 7336 |15352.0 | 10084.2 | 9934.2 | oo34a227 oK
624474 INTERIOR 400 1200 | 1100 1034 7336 | 15352.0| 10084.2 | 0934.2 | oo34.227 oK
27 .69 INTERIOR 400 1200 | 1100 1034 7336 | 153529 | 190842 | 99347 | 934227 oK
1123 45 INTERIOR 200 S00 1100 1034 5536 | 11585.8 | 17858.1 | 7496.7 | 7496.712 oK
32011 EXTERIOR 200 500 1100 1034 3268 |6839.32 [ 127914 | 44254 | 4425 444 oK

10580.40 | EXTERIOR 500 1400 | 1100 1034 7936 | 16608.6 | 19493 | 10747 | 1074673 oK
262.00 INTERIOR 500 1400 | 1100 1034 7936 | 16608.6 | 19495 | 10747 | 1074673 oK
8138.59 INTERIOR 500 1400 | 1100 1034 7936 | 16608.6 | 19493 | 10747 | 1074673 oK
675.82 INTERIOR 500 1400 | 1100 1034 7936 | 16608.6 | 19493 | 10747 | 1074673 oK
7561.09 INTERIOR 500 1200 | 1100 1034 7536 | 157715 | 192205 | 10205 | 10205.06 oK
1368.76 INTERIOR 500 1200 | 1100 1034 7536 |15771.5 | 192205 | 10205 | 10205.06 oK
9195.65 INTERIOR 500 1400 | 1100 1034 7936 | 16608.6 | 19495 | 10747 | 1074673 oK
27878 EXTERIOR 500 1400 | 1100 1034 5368 | 112342 [ 142219 | 7269.2 | 7269211 oK
34477 EXTERIOR 200 S00 1100 1034 5536 | 11585.8 | 17858.1 | 7496.7 | 7496.712 oK
22313 EXTERIOR 500 1200 1100 1034 7536 |15771.5 | 15698.7 | 10205 | 10205.06 oK
9592 9 EXTERIOR 500 1400 1100 1034 7936 | 16608.6 | 15971.2 | 10747 | 10746.73 oK
209 EXTERIOR 500 1400 1100 1034 7936 |16608.6 | 159712 | 10747 | 1074673 oK
281.56 EXTERIOR 200 500 1100 1034 5536 |11585.8 | 14336.3 | 7496.7 | 7496.712 oK
1324 EXTERIOR 200 500 1100 1034 5536 |11585.8 | 14336.3 | 7496.7 | 7496.712 oK
5763.52 INTERIOR 400 900 1100 1034 | 6736 |14097.2 | 186755 | 91217 | 9121722 oK
1740.89 INTERIOR 400 900 1100 1034 | 6736 | 140072 | 186755 | 91217 | 9121722 Ok
5765.01 INTERIOR 400 900 1100 1034 | 6736 |14007.2 | 186755 | 91217 | 9121722 oK
1884.31 INTERIOR 400 900 1100 1034 | 6736 |14097.2 | 186755 | 91217 | 9121722 oK
6113.05 INTERIOR 400 900 1100 1034 | 6736 | 140072 | 186755 | 91217 | 9121722 Ok
1929.85 INTERIOR 400 900 1100 1034 | 6736 |14007.2 | 186755 | 91217 | 9121722 oK
5915.17 INTERIOR 400 900 1100 1034 | 6736 |14097.2 | 186755 | 91217 | 9121722 oK
1917.88 INTERIOR 400 900 1100 1034 | 6736 | 140072 | 186755 | 91217 | 9121722 Ok
318.31 INTERIOR 200 500 1100 1034 | 5536 |11585.8 | 17858.1 | 7496.7 | 7496.712 oK

8.01 INTERIOR 200 500 1100 1034 | 5536 |11585.8 | 17858.1 | 7496.7 | 7496712 oK
419.07 INTERIOR 200 500 1100 1034 | 5536 |11585.8| 178581 | 74967 | 7496712 Ok
39.03 EXTERIOR 200 500 1100 1034 | 5536 |11585.8 [ 14336.3 | 7496.7 | 7496.712 oK
379.4 EXTERIOR 200 500 1100 1034 | 5536 |11585.8 | 17858.1 | 7496.7 | 7496712 oK
40.06 EXTERIOR 200 500 1100 1034 | 5536 |11585.8| 178581 | 74967 | 7496712 Ok
262.5 EXTERIOR 200 500 1100 1034 | 5536 |11585.8 | 14336.3 | 7496.7 | 74096712 OK

235 EXTERIOR 200 500 1100 1034 | 5536 |11585.8 | 143363 | 74967 | 7496712 oK
628966 EXTERIOR 400 1200 | 1100 1034 | 7336 153529155625 | 99342 | 9934227 Ok
630.25 EXTERIOR 400 1200 | 1100 1034 | 7336 |153529| 155625 | 99342 | gg934.227 Ok
851097 EXTERIOR 500 1200 | 1100 1034 | 7536 |15771.5| 15698.7 | 10205 | 10205.06 oK
868.38 EXTERIOR 500 1200 | 1100 1034 | 7536 |15771.5| 15698.7 | 10205 | 10205.06 OK
801471 EXTERIOR 500 1200 | 1100 1034 | 7536 |157715| 156987 | 10205 | 10205.06 oK
1665.05 EXTERIOR 500 1200 | 1100 1034 | 7536 |157715 | 156987 | 10205 | 10205.06 Ok
59813 EXTERIOR 500 1200 | 1100 1034 | 7536 |157715| 156987 | 10205 | 10205.06 Ok
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Fp =25 Mpa; E, = 420 Mpa; bx = 3000 mm; by = 5000mm ; ¢

= 1100 mm
m m
M, = —1771.44 KN.E;MW = —3084.16 KN.E;C.C =50mm;d =18
Required:
A

Solution
d=t—c.c—@ay =1100 —50 — 18 = 1032 mm
038 pralast s Sl (A ladYI S 8 dikaiall 038 A seps e a5 Y ani o g el Jalada (1
LIS Al bl apaall Dl Ll @ sle s ddkidl)

a AgF,
My =04:E +(d=3) ¢ a=gagy

AF,
so M, = QAE, | d — (1.7Fc\b)

-For Bottom Reinforcement in X-Direction:

AsxFy
Mux = gAsxFy * <d — (—1.7Fc‘bx)>

Agy % 420
3% 1771.44 % 10° = 0.9 * Ay, x 420 * | 1032 — ( )

1.7 x 25 % 3000

So A, = 14273.4 mm?
check that Ag, > Agpin ; Where Agpin = 0.0018 bt for F, = 420 Mpa

Agmin = 0.0018 % 3000 * 1100 = 5940 mm? < A, = 14273.4 mm? OK
So, use 57218/3000 mm

Spacing = 22 = 52.6 mm so USE $18@50 mm
-For Bottom Reinforcement in Y-Direction:

AsyFy
oy = Py (d - (m))

Agy * 420
5% 3084.16 x 10° = 0.9 = Agy * 420 * (1()32 — ( 5y >>

1.7 * 25 * 5000

So Ay, = 43086.16 mm?

check that Agy, > Agpin ; where Agpin = 0.0018bt for E, = 420 Mpa
Agmin = 0.0018 * 5000 * 1100 = 9900 mm? < Agy = 43086.16 mm? OK
So use 170g18/5000 mm

Spacing = 5107—000 = 29.4 mm so USE #18@25 mm

-For Top Reinforcement in X-Direction:
Since there is no moment in the top in this direction so use Ag,in

Agmin = 0.0018b,t = 0.0018 x 3000 * 1100 = 5940 mm?
So, use 24918/3000 or g18@125 mm
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-For Top Reinforcement in Y-Direction:

Since there is no moment in the top in this direction so use Agin
Asmin = 0.0018b,t = 0.0018 * 5000 * 1100 = 9900 mm?
So, use 39¢18/5000 or g18@125 mm
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MOMENT fn P & Asrequred N0 OF BARS SPACING
Bin Asmin TOPRENFORCEMENT STRIP  BOTTOM REINFORCENENT /§
0P+ | BOTIOM- | TOP+ | BOTIOM-| TOP+ |BOTTOM-| TOP+ | BOTTOM- 0P+ | BOTTOM- | TOP+ BOTIOM- | TOP+ | BOTTOM-
1 4805 TBT | 051725557 | 075501689 | 0001233429 (000163078 | 1272808 | 1RE9.367635 | 1576 | 1866 | IBRD.360E3S § B il 1 $13@120mm 215@120mm
1 s 14603 | 0498163004 | 152340201 | 0,001200341 | 0.00376764 | 1238752 | 3BRRB20TRSR | RRE | 1506 | 3EBR.207ESE § 1§ il il ®188120mm 313@60mm
1 Wil 1330 | 015633062 | 13875535 | ,ODDGIA0ML | 0.00341924 | 6336903 | ISIRGS0%D | EST6 | 1516 | 35IRLASSEL 3 " b n $13@120mm 015@70mm
1 1337 100742 | 0445745281 | 10510044 | 0.00034B201 (000256756 | 39,3536 | 2640705506 | 18576 | IREA6 | GM0.TISEOE i i il | ®18120mm 313@30mm
1 182 HO7AL | 024338478 | 115501831 | 0.000296962 (000282014 | 3064652 | IS1.674872 | 18576 | 18606 | EA96749T 3 i b L] $13@120mm 015@30mm
1 05 105 | 0042252569 | 12570443 | 0.000000702 | 0.0030874 | 103.924 | 36196548 | 18576 | 18506 | 3IR6.LS6EME i 5 il n 313@120mm 018@70mm
1 15 1865 | 031243782 | 15612585 | 0.000313456 | 0.0038640 | 3234868 | JORE.STGOME | 1576 | 18576 | 30ERSTE0ME 3 16 1 0 $13@120mm 013@50mm
1 ] 813 | 064682051 | 0.95250853 | 0001564251 (000232012 ) 1604307 | 2395.305405 | 18576 | L8EA6 | 230530405 i ] il ] 313@120mm 313@100mm
1 37 1680.0 | 0455000435 | 176334054 | 0.000097407 | D.OOM3ERTR | 1132540 | ASHOMA3RM | 57 | 1896 | SI0.2ME3R 3 1§ 1 50 $13@120mm 918@50mm
1 405 T4 | DA2R2G368 | 075574718 | 0001030163 (000183259 | 106308 | 1RGLIGER | snp | L8NG | IRLSGE i B il i 313@120mm 013@120mm
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