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Post-tensioned slab design check

1) Percentage of balancing load

- Not be controlled by design code

P .
- Control surface stress of slab o = 7 +—+

- Control cracks and deflection

Tendon Profile

Equivalent loads

1) Introduction

End Tendon configuration
eccentricity, e, Pe Pe,
te P e D-p
T 1= & >
a) Straight tendon with end eccentricity, e,
e =0 Eccentricity, e 2PellL 2PelL
e
Pl [ 1P = I
2 4Pell
b) Deflected tendon with no end eccentricity
6.0 Eccentricity, e 3Pe/L 3Pe/L
o] .
3PelL 3Pe/L
c) Deflected tendon with no end eccentricity
. P s
e.=0 Eccentricity, & P sina s
F ‘ r_--'j P cos l ' P
'z'—"'-=-'-‘.;:'_'"""1""'-'_'_':.-'-=-- 3 1@ E& —
| L/2 IINIININRRNNTNRRENNINININL,
' w=8Pe/L?

d) Parabolic draped tendon with no end eccentricity

Midspan eccentricity, e
P sina Jniform load,w

e) Detail of parabcelic draped tendon
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1) Introduction

Post-tensioned slab design check
2) Precompression control

For control shrinkage and temperature of slab

ACl 24.4.3 :As=0.0018bt for non-prestressed reinforcement RC
ACl 24.4.4.1 : Average compressive stress = 0.70 Mpa (or 7.0 ksc) PT

Minimum flexural reinforcement in prestressed slab
ACl 8.6.2.1 : Average compressive stress = 0.90 Mpa (or 9.0 ksc)
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1) Introduction

Post-tensioned slab design check
RARARARAARERAR

top surface

P.e M
+— 1 — \

Reinforcng bars

3.1) Transfer stage : bottom surface

3) Stress check

:hl'ﬁ

Check stress at top&bottom surface of slab
Allowable compressive stress =0.60 fc'; in Mpa (ACl 24.5.3.1)

Allowable tensile stress = 0.25,/fc’; in Mpa (ACl 24.5.3.2)
(= 0.80,/fc’; in ksc)

fc'; = Specified compressive strength of concrete at stressing time

3.2) Service stage :

Check stress at top&bottom surface of slab
Allowable compressive stress =0.45fc’ in Mpa (ACl 24.5.4.1)

Allowable tensile stress =0.50 fc' in Mpa (ACl 24.5.2.1)

(= 1.60V fc’ in ksc)
fc’ = Specified compressive strength of concrete at 28 days \‘ @ u.IEE
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1) Introduction
Post-tensioned slab design check

1 €en " 08s I:
4) Check moment capacity_, ., -y -y )
T Ts’
®dMn > Mu As" e © T -f - c <« A € ‘f
P * 4 jl i
§ . . . . . . 'l a
APS ~ K Neutral ’
As St ‘_1_ e ,_>T: Tps '_*—'_>T Tps
' S
Compression, C = Tension, T
0.85fc’.a.b + As’fs’ = As.fy + Aps.fps
fo=fol1-22]p To 4 )y (o) (ACI 20.3.2.3.1)
B, food, 1!
fP}"Ir pu TP
> 0.80 0.55
>0.85 0.40
=0.90 0.28

(a) If d' exceeds 0.15d,. the compression reinforcement
shall be neglected in Eq. (20.3.2.3.1).

(b) If compression reinforcement is included in Eq.
(20.3.2.3.1), the term

f f
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Load Combination

1) Introduction

D+L:

Wind:
Wind:

Seismic:
Seismic

Mu = 1.4MpoL + 1.7MuL + 1.0 Msec

Mu =0.75(1.4MbL + 1.7MuL + 1.0Msec + 1.7Mw)
Mu = 0.9 MpoL + 1.0Msec + 1.3 Mw

Mu = 0.75(1.4MpL + 1.7MLL + 1.0Msec)+ 1.0Me
Mu = 0.9 MbL + 1.0Msec+ 1.0MEe

%Balance load | P/A minimum | stressing stage | service stage |Ultimate strength
Check Check check check Check
Gravity load analysis V V V V V
Wind load - - - V V
Seismic load - - - - V

EIT1008-38, EIT1009-34

EIT1008-38, EIT1009-34
EIT1008-38, EIT1009-34

DPT 1301/1302-61
DPT 1301/1302-61

@ UWLE
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— - 1) Introduction

GRAVITY LOAD ANALYSIS

Equivalent Frame method
(EFM) 2D

Finite Element Method
(FEM) 3D

— o
0,300 t/m2 0,300 t/m2 30‘300 t/m2 0.300 t/m2
[
_ %(/_I_F I
obsoom2 || 250 t/m?2

1 —
03250 t/mZ 01150 t/m2
F,_}—,_f—g_{_r—d A

I I —

T

’ W
1 frr/\l'%”°

—f
T
—|

i 1

an I Span 2 ' Span 3 ' Span 4
9.00m 9.00m 9.00m 9.00m

Span 1
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—1) Introd_tﬂqr]

Tendon layout

Band-Distributed tendon . octio®

~ Banded Tendon Distribution \’ O M
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1) Introduction

Combine lateral moment to Equivalent Frame Method

Transform shell moments to strip moment in slab

|
i
]

Lateral
analysis

moment moment

vi @ WLE
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1) Introduction

Combine lateral moment to Finite Element Method

Export FEM to design strip and combine with lateral mements

Lateral sk ce et —>
analysis

Shell moment Strip moment

I WEwe
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Combine lateral moment

- Design tendon first by Ig
- Use those tendons in lateral analysis
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Gravity load analysis with Ig

~ 1) Introduction

Lateral load analysis with leff
(consider effective width)

® ULE
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Moment of Inertia permitted for elastic analysis at factored load level

ACI318-19 Section 6.6.3.1 :

For lateral load analysis, either the stiffnesses presented in 6.6.3.1.1 or 6.6.3.1.2 can be used.

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 area
Member and Moment of | area for axial for shear
condition inertia deformations | deformations
Columns 0.701
Uncracked 0.70I,
Walls
Cracked 0.35I, 1.04, b,h
Beams 0.351
Flat plates and flat slabs 0.251,

6.6.3.1.2 For factored lateral load analysis, it shall be
permitted to assume I = 0.5], for all members or to calculate
I'by a more detailed analysis, considering the effective stiff-
ness of all members under the loading conditions.

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

Alternative value of I for elastic analysis

fiat slabs

Member | Minimum I Maximuin
' : A M P
Columns 0.35L 0.80 + 25 [1_ ¥ _p05r |7 0.875I
and walls . 4, Ph BJE £
Beams, flat ¢ b
plates. and 0.25I, (0.10 + lip)[ 1.2- D-E?"]fg 0.5I,
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Table of stiffness assumptions for modeling concrete structures.

Property Modifier for Modeling Elements
ACI 218-11 LATBSDC MZS 3101: Part
Elements 109041 | eop 41.13| PEERTBI | MCE-Level | LATESEC | 0 se [NZS3101: Part2:2006f  2:2006 Panley & | e wos
Tabie 10-5 Guidelines | Mon Linear & .th“"' Tabie 6-5 Litimate Limit State | Servicabllity Limit | CSA A23.3-14 | EuroCode | TS 500-2000 P an:l!lw (2007)
ACI 318-14 Service Modeis (2014) {fy=300Mpa) State (4=3) (1992)
6.6.3.1.1 Level {2014) {Note 3)
0.40Ig (rectangular) (“'? ?mgluj
Comnventional Beams (L'H > 4) 0.351g 0.30Ig 0.501g 0.351g 0.701g 0.501g 0.35Ig (Tand L 0.601 {.1-5 and L 0.401g 0.171g-0.441g
beams) e
beams)
Beams _ 0.351g 0.50Ig 0.40Ig
Prestressed Beams (LH > 4) 1.001g 1.001g nfa nfa 1.00Ig n'a a'a n'a na
n'a
; 0.60]g (diagonally ;
| i I 3 i & /
Coupling Beams (L/H < 4) n'a n'a 0.201g 0.30Ig n'a peiliaend) 0.751g (%) n'a
Columns - Pu 2 0.5Agrc 0.701 0.80 1.001 080
0.701g 0.70Ig 0.90Ig £ lg £ 0.80Ig (Note 6) e
Columns - Pu < 0.3Agrc 0.501g 0.551g 0.80Ig 0.601g
Columns = Pu<0 1Agfc 0.701g 0.501 Al 0. 708 0.701g 0.50Ig - 0.121g-0.861g
umns - Pu< 0. ! ! .
0.30Ig alfa i . le g £ (©)
Columns - lenshon n'a n'a wa n‘a
Walls - uncracked 0.701g n/a n'a n'a 0.801g n'a n'a 0.7lg 0.501g n/a n'a
0.75Ig (@)
Walls ) _ 0.40Ig - 0.80Ig
4) Walls - cracked 0.35Ig 0.50Ig 1.00Ec (1) 0.75Ig 0.501g 0.321g-0.481g 0.50Ig-0.701g 0.351g 0.50Ig (Note 6) 0.201g-0.30Ig
Walls - shear n'a 0 40EcAw (10| n'a ﬂ.ﬁ-ﬂAg 1 ﬂU'Ag n'a n'a n'a n'a n'a n'a (9) n'a
Conventional flal plates andflat) g 357g | See 10.4.42 a/a (9)
. 0.501Ig 0.251g 0.50Ig n'a n'a n'a 0.251g 0.50Ig n'a
Slabs Post ta-m:-::d flai plates and a'a See 10442 n'a na
In-plane Shear n'a n'a n'a 0.25Ag 080Ag n'a n'a n'a o'a n'a o'a n'a n'a
Notes (3) (2) (2) (2) (3) 7
MHotes Definitions

(1) Mon-linear fiber elements automatically account for cracking of concrete because the concrete fibers have zero tension stiffness.
(2) Elastic modulus may be computed using expected material strengths.
(3) p is ductility capacity.
(4) Wall stiffness is intended for in-plane wall behavior,
(5) ACI 318-11 Section 8.8 (ACI 318-14, Section 6.6) permits the assumption of 0.50ig for all elements under factored lateral load analysis.

(6) TS 500-2000 specifies the use of 0.41g for Pu/Ac/Tc < 0.1 and the use of 0.81g for PwAc/Tc > 0.4, interpolate for all values in between 0.1 and 0.4.
(7) T and L beams should use recommended values of 0.35 Ig. For columns, categories are P=02fc Ag and P = -0.05 fc Ag

(8) Shear stifness properties are unmodified unless specifically noted otherwise.
(9) Effective stiffness per equation. See reference for more information.

(10) Note that G = 0.4°1, s0o ASCE 41-13 is recommending that a modifier of 1.0 be used for the shear stiffness of concrete shear walls, that is, they recommmend no reduction in shear stiffness.

Ig = Gross moment of inertia

L = Clear span of coupling beam
H = Height of coupling beam

Pu = Factored axial load

Ag = Ac = Gross (uncracked) area

f'c = Compressive strength of concrete
Ec = Modulus of elasticity of concrete

fy = Yield stress of reinforcing steel
MPa = Megapascals
Aw = Honzontal area

\¢
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2) Unbalanced moments transferred by Flexure&Shear

Gravity load analysis

Unbalanced moment, Msc

"
. |
Interior Column
r=—F=—
Msc \ \r
\\ b |
W, | |
— /| t __._ ,
i T _
T e Lt Exterior Column
— 1 T X
] P 1T 1
T :_ N Biinane G LA
W NT— 7 P
|| oL Msc
|I !
|.
et {
.'I
-;-—':31:=~

M, = factored slab moment that is resisted by the column
at a joint, N-mm
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2) Unbalanced moments transferred by Flexure&Shear

Unbalanced moment will be transferred to column by fraction of

flexure&shear d/2 d/2 d/2
. - EEs
T T T
I | s :
e [ ||
B Fraction of transfer flexure =yf(Msc) | [Pz || | | by
[ | L |
| a2 ¢ _____ - b |
Y, = - .
! 2\ [p, J »
1+ 2| |2~
— 4 3 )\ b, A
A T3 N — | p— 7 ’
B 5 2 e e — | -
———— N ‘ ! e l
Tt N\ Fraction of transfer shear =yv(Msc) ' ‘ I : Op : ; : b
T Aoy S
——— | | L |
_ 2§ [_____ 1 L L
Y = - Y f I 'l
T b, by
-
| Direction of
'| Moment Transfer
L= / ,
/

v @ ULE

ssssssss CH West Coast Engineering Co.,Ltd.




2) Unbalanced moments transferred by Flexure&Shear

“‘7 BMD from lateral(+)
Lateral load analysis

/ [/

/
/
Wind Seismic e
r T /’)
— ]
, TM . Y

L
Nl BMD from gravity
f ‘“\'““ BMD from lateral(-)
." \
| \ 11‘“‘——
f \'\\ B
_a': \ \‘u
II‘II‘ \I. III.“
— T — 12 '\'
—~—F :|_q:_r_r’ ~
. A < _ o O \
LT e - \
—Z T o e \
= | R "‘\:;\—_ o L
L f \\ ‘\'\\ T y h_'_\'z
= \ . \
\ \_\
e |
\\ e
| \ )
Ll j \\_ ll.'l,
| \
Hk M
= Y
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BMD from gravity

/
f
f
/
f
f
f
/
~ AT
AL
— o =
|
|
Lt )
[
/
g |
P

-BMD from lateral(+)

BMD from lateral(-)

\ —

\ \
Y

Lateral load increase Msc

2) Unbalanced moments transferred by Flexure&Shear

—

Combination (+)

Combination (-)
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2) Unbalanced moments transferred by Flexure&Shear

Msc transferred by flexure

ACI318-19 Section 8.4.2.2.3 The effective slab width
bslab for resisting yf(Msc) shall be the width of column or
capital + distance on each side in accordance with table

8.4.2.2.3
Table 8.4.2.2.3—Dimensional limits for effective
slab width
Distance on each side of column or capital
Without drop panel 1.5h of slab
] Lesser
or shear cap Distance to edge of slab
1.5h of drop or cap
With drop panel or
shear cap Lesser Distance to edge of the drop or
cap plus 1.5h of slab

Lesser of (z+1.5h)
and 1.5(y)

vi @ WLE
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2) Unbalanced moments transferred by Flexure&Shear

18.4—Intermediate moment frames
18.4.1 Scope

18.4.1.1 This section shall apply to intermediate moment
frames including two-way slabs without beams forming part
of the seismic-force-resisting system.

ACI318-19 Section 18.4.5 Two-way slabs without beam

Slab, thickness = h Column Slab, 'L 1/
Edge\ ’/ /1/ _\\ Edge \\ thickness = h
(] L) f —[
[ C2 , I Y
Column—\\ ™. |15hs¢ * o, Effective Column /_
S | p width
Eﬂd.c,;ﬁtive D ¢ N 1.5h < ¢, 54?,';?’ e Coa a+3h All reinforcement
Wi "
- v to resist Mg to be
cast> | | placed in column
g - Yield line \f\ S "y strip (18.4.5.1)
Yield line 1 \\ Edge 4 Ct 4 4
Ct
c ' "
i 1 _ L Reinforcement to resist yMsc (18.4.5.2),
== Direction of moment s == Djrection of moment sy but not less than half of reinforcement in
(a) Edge connection (b) Corner connection column strip (18.4.5.3)

vi @ WLE
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2) Unbalanced moments transferred by Flexure&Shear

ACI352.1R-11 Section 6.1 Slab reinforcement for moment transfer

“For PT connections tested with banded tendons perpendicular to the slab edge, the banded tendons provided
sufficient membrane forces to move the torsional yield line outside the banded tendon region, or to suppress the

torsional yield line completely. Thus, in this case it is reasonable that all reinforcement within the banded tendon region
be considered effective if anchored properly”

POST-TENSIONING TENDONS BONDED DEFORMED BARS (ALL UNITS - mm)
¢ & SHEAR STUD-RAILS ¢ 9.5mmD (#3) top & bottom
5 (ALL UNITS - mm) ; edge tension reinforcement
L Ao . e
: ==0ag 43 14 - 6.35mmD : = |
| i : (2o == ||
| .i E | . /| - l: oE
PT SPECIMEN ] i ; 8 - 6.35mmD (# 2) | - Rl T
i i ‘ I e
SLAB I?LAN E 516 W i top & bottom bonded bars B O, x__;:;. ,{__,;1 i
,', : : J | TESTING ! A
: sig ] LDIRECTION: 12.7 mmD (# 4) top & bottom || 2946
: : Y% - edge tension reinforcement :
] i I | I
F " E i I; | -
E | : : i (c) PT-FL2SE
: 516 : 6 - 6.35mmD (# 2) |
i y i top & bottom bonded bars | |
| . R |
] I i | ! :
: 565 I 559 .
B! 1 : : : '
W T s 252 2= = P =438 [ QU I— — .. ——— -S— hed.
E——-- -=1016-—~--~ -ﬁzﬁao%éwoﬁzf---- e B = = i___ - 1321_|__._ L L _:14153 - '

SSI BUILDING TECH West Coast Engineering Co.,Ltd.




2) Unbalanced moments transferred by Flexure&Shear

ACI352.1R-11 Section 6.1.7

B — Hy_f'
JHiF 3/8)h
D Vertical bursting j . )
“‘- :—_ —— — : _ . minfofﬂement - ~ | . |
:: — 1 _*er IEP e —_—
" Additional L= ==
RHIL B S J— horizontal [~
PTanchors "\ L | T— reinforcement
_ II . : rﬂ".

. I5T tendons |
| _

| | Section
2 //| | PTtendons | bl
pasors 1/ o |

| |4

reinforcement

\
v

Plan
Fig. 6.1.7b—Additional reinforcement for PT edge connections.
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2) Unbalanced moments transferred by Flexure&Shear
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2) Unbalanced moments transferred by Flexure&Shear

Msc transferred by shear

Vu  Yv-Mge.C

b,d J
-t Vu _Yv-Msc-C
N V, ““hd ]
uv —

b,d

.. = "
Vi  Vv-Mgc.C
vu=b0d+ 7

Vv WCE
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3) Gravity shear ratio and lateral drift ratio

Gravity shear ratio and Drift ratio

(A Seismic force induces story drift of each floors

A Story drift induces more punching shear at slab-column connections

JTwo types of slab-column connection consideration

* two way slabs that are designated part of seismic-force-resisting system
(Stress-induced punching)

* two way slabs that are not designated part of seismic-force-resisting system
(Drift-induced punching)

v @ ULE

sssssssssssssss West Coast Engineering Co.,Ltd.




3) Gravity shear ratio and lateral drift ratio

T | | I | [ | I
- Stress-induced Shear Capcity

L ;::;nr:.hmg _ _ __ ShearDemand | —

J, \ Drift-induced |
L \ punching =

Lateral Load

Shear deamnd (V)
Gl S
Shear capacity (V)

| f’ Lateral Drift
|/ Definition of drift ductility (Pan et al. (1989))

Ductility (1)
Figure 1.1: Shear demand-capacity relation (Aschheim et al, 1992)

vi @ WLE
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/

O Drift Ratio : ratio between story drift and floor height

L Gravity shear ratio : ratio between punching shear

from DL+LL only and ®Vc

-
4 Dilger & Cao 1991
O Pan & Mochle 1989
0.08 Curve 3 (HSSR) ® Pan & Moehle 1992
® Robertson & Durranm 1992
0.07 O Wey & Durrani 1992
¥ Hawkins et al 1975 (Stirrups)
0.06 Curve 2 (stirrups) + Islam & Park 1976 (Stirrups)
- < Dilger & Brown 1995 (HSSR)
£ 005 ¢ Dilger & Cao 1991 (HSSR)
E
S 0.04
=
3 0.03
5 et N————— e

0.02

0.01

0

L J
V,/$V.=043

V, /¢ V.=025

I
]
I
I
I
I
I
I
\]llr

0.0 0.2 0.4 0.6 0.8 1.0

V., /¢ V. Gravity shear ratio

Fig. 3.3a—Effect of gravity loads on drift capacity of inte-
rior flat plate-column connections (Megally and Ghali 1994,
2000d; Hueste and Wight 1999).

0.08
0.07
0.06
0.05
0.04
0.03

Ultimate drift ratio

0.02

0.01 |

0.0

T e o

0.015

3) Gravity shear ratio and lateral drift ratio

Slabs with stud shear reinforcement

Slabs without shear reinforcement

e

e

0.2 0.4 0.6 0.8 1.0

Vi/4V.

Fig. 3.3c—Effect of value of V, on lateral drift capacity
of edge flat plate-column connections (Megally and Ghali

2000a).
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3) Gravity shear ratio and lateral drift ratio

- Lateral ductility capacity of flat slab-column connections is strongly influenced by gravity load
- Lateral displacement capacity decreases as gravity load increases

>

Dilger & Cao 1991

O Pan & Mochle 1989
4 d ve v . ¥d v 0.08 Curve 3 (HSSR) ® Pan & Mochle 1992
AT 2.11-1 nsiAdeusduivdsznintuiedli (A,) o Roberton & Drasasi 1553
UszLamanudAgveseinis 0.07 O Wey & Durrani 1992
anwuzlAsaddng X Hawkins et al 1975 (Stirrups)
| vi3a |l I v 0.06 Curve 2 (stirrups) + Islam & Park 1976 (Stirrups)
Tnssat il ToiieBe o - ity 4 4y S = ¢ Dilger & Brown 1995 (HSSR)
g & e o — ; . .Y
ATE nwyu HUIEgnoTuLIIRDULATglanY 49U Baus | 0.025 4, 0.020 h, 0.015h, = 0.05 ¢ Dilger & Cao 1991 (HSSR)
aelu aniuies duwau uavsianeuengneanuuulauis e
nusensdeuiadImsThetuldnn . 0.04 :
. N Curve |
1AT9E I UNNEsA S ULT IR0 ULUUBUNNG 1UTOISU 0.0104 0.010 A 0.010 A o Ty
i - ) sv X Ssx 5 0,03 0.025 ”I.H.‘:S[E & Wigh[ { lgw-j [ﬂ[ dnﬂ. hm’t
lAseEineiueegnas UL I ULUUDY 9 0.007h_ | 0.007h, | 0.007h_ = ——— e Sy e e e e e e e ol e e e e e e
P— : - ' 0.02
Tnssadnedu 9 Vimun 0.020h, | 00154, | 0010k, 0.015
@
AR o 0.01 ¥, /¢ V.= 025 V,/$ V.= 043 —A_
1) h, fio mugesrwinvunegldngum x 0

2)  ;enstudenidntineluy aniuias ey wasndinmeusniigneanuuulianunsanusanmaedausduiniszniteguld

0.0 0.2 0.4 0.6 0.8 1.0
V, /¢ V. Gravity shear ratio

11 iinaedoudhduimsseninturinledlabisine widmsdasiasanmaiuszesvinsszninadlasahenutded 2.11.3
3)  Tasadeiuwdgiesuusadounuudunngusesiu maineda enmsngneenuuulildiunsdsreiuusaideuduiudiu

o o oA o o ' ar =l ' & = 1 o ol
lasaiilunnf@duiunannguiesiu wazgnieahdudnwusildoluwuddawazusadoussnindunatrafo

(W Coupling Bearm) v Fig. 3.3a—Effect of gravity loads on drift capacity of inte-
rior flat plate-column connections (Megally and Ghali 1994,

2000d; Hueste and Wight 1999).
v @ ULE
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RECOMMENDATIONS FOR DESIGN OF POST-
TENSIONED SLAB-COLUMN CONNECTIONS

SUBJECTED TO LATERAL LOADING

THOMAS H.-K. KANG, IAN N. ROBERTSON, NEIL M. HAWKINS,

Drift ratio at punching

Drift ratio at punching versus gravity shear ratio for post-tensioned slab-column connections with and without shear

AND JAMES M. LAFAVE

0_09 i i i i
¢ Trongtham and Hawkins' - Int. A Martinez-Cruzado™ Ext.
¥ Qaisrani”- Int. O Han etal.”- Ext.
0.081 ® Pimanmas et al.” - Int. B> Martinez-Cruzado®- Comer
B Han etal.”- Int. % Shatila®™- Ext./shear
¢ Trongtham and Hawkins™ - Ext. #+ Ritchie and Ghali” - Ext./shear
0.077 0 Shatila®- Ext. % Gayed and Ghali® - Int./shear
O Foutch et al.”- Ext. = Kang and Wallace™- Frame/shear
0.061- Bestfitline x o ; g ¥ + KK
for PT - + ¥
connections—_ N *
0.05 | without shear N %% Best-fit line K
: reinforcement ) % for all PT
. *
subjected to “"‘:&Q connections
__reversed cyclic  m O | without |
0.04 lateral loading © ¢ - . / shear
~ o _ > T ) reinforcement PY
0.03— > e { e {
- o b - .
T - - ' T *‘ . -“
0-02:[ ~ - o \ v
™
. ™=
0.01 =
ACI 318-05, Ch. 21 j)*xh
drift limit for a given V /$V., | I_ R T I
| 1 ] 1 ] | 1 1 | l |

0

0 01 02 03 04

0.5 06 07 08 09

Gravity shear ratio, (V, /¢ V,)

reinforcement, where V. is defined in accordance with ACI 318-05, Eq. (11-36)

3) Gravity shear ratio and lateral drift ratio

POST-TENSIONING
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Authorized reprint from: February 2008 issue of the PTl Journal

Copyrighted © 2008, Post-Tensioning Institute

e Cyclic Testing of Bonded Post-tensioned

Interior Slab-Column Connections
with Shear Stud

A. Luckkikanun, U. Prawatwong, and P. Warnitchai
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3) Gravity shear ratio and lateral drift ratio

0.09
m . RC without shear reinf.
A o008l | | | o PTwithout shear reinf. || 0.045-0.05VR  [for 0<VR<0.6]
o ————— Lateral drift limit for RC
S orl | Lateral drift it for PT || PT, DR =4
2 0.015 [for 0.6<VR<I1]
G 006, *el o e & & n
= o
>
o 005
©
O 0.04 9
*@' 0.035-0.05VR [for 0<VR< 0.6]
g 08 RC, DR =
()] .

0.02 0.005 [for 0.6<VR<1]

0.01

0 | | | | | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 ACI 352.1R-11

Gravity shear ratio, (V,,,/0V,) or VR

Fig. 7.2d—Comparison of lateral drift capacity limits with
RC and PT slab-column connection test data (Kang and
Wallace 2000, Hueste et al. 2007; Kang et al. 2008).

Guide for Design of Slab-Column
Connections in Monolithic

Concrete Structures

Reported by Joint ACI-ASCE Committee 352
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3) Gravity shear ratio and lateral drift ratio

:__E Nonprestressed =====Post-tensioned 0.04-0.05VR  [for 0<VR<0.6
e 0.04 <7 | | | DR =+

"-‘-1 ‘I‘"-. . 1
- e Shear reinforcement 0.10 [for 0.6<VR<I]
g 008 “~~._| required

E “"h

£ 0.02 .

© e .

> 0.01 | Shear reinforcement “{ _____ )

£ 7| not r|equirsTd |

o

S 0.00 | . | y _
& - <

E 0.0 0.1 0.2 03 0.4 05 0.6 0.7 0.035-0.05VR [for 0<VR<0.6]

DR

VUV ‘f¢ gnvc

Fig. R18.14.5.1—Illustration of the criteria of 18.14.5.1.

0.005 for 0.6<VR<I]
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4) Seismic laws and standards
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4) Seismic laws and standards

vEnuA 1 uas vEnMi 3
VDM 2
nl  atesidluianisiaom i anarusanftndadasusuduing n}  aesTdniusanisiinmAanarussin AEn e wHudung
) adedus T idiiuga AL TR g Sussie 1) e@dusTigiiugauinusn TR Sussn
A)  Tsauvsaw vaUmny mdaudaiu auiuidl Sudund gaqflaug ganuuinig vheaeda >=600 au.
3)  wadai Wisfundaaiu @ uAnmm =>=1000 a7u.
3)  Wvadym =>=2_000 au.
a)  aae WIaATTMAUAT guenigEn =>=1,500 a7u. [A) ‘@ RITAIEITME
) lFusH aREsatatdssIN 2aR1Tge vaw ==4 000 f7u.
%)  2IRITILFETA ==4 000 a7u.
) aonuduldnodingay @otulvuSnsguanzoany dotuddeTIEiEga g =>=300 &7. ) AnndulRsadndau Ao ulWuSnisguanFaaty aotudaRsieEgaan s
)l Eaudn 3)  Eaudn
1) awsiveivAn (= 10,000 @9u.) al  aamstaggalae (> 10,000 s5u.)
72)  anAsTliaTugdius 15 wes wia 5 dudulal #)  avesTiATIEdIus 10 was wia 3 fudull
5)  @sMuUWIaVIaanTEaY 7aTEN AU naTdaaa == 10u. o) EEMIUMIaNaEnTENLY 7 ATENT AU NEIRaa == 5
M) HlUaA o) aluas
) Waudniul dauvett shawets &4 == 10u. ) WaudncAvdy dauvetdh dhewerd g1 == 10u
a)  a1esivinsAusIEnag S5iamAa milao ey 1) iesivaAsEsusIEais S5iauia miineunaats
1)  awsaganfnuazaA T el sa e uTunITRTUAg VI e IR an T IR AT
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ACl 318-19

R18.1—Scope

Chapter 18 does not apply to structures assigned to
Seismic Design Category (SDC) A. For structures assigned
to SDC B and C, Chapter 18 applies to structural systems
designated as part of the seismic-force-resisting system. For
structures assigned to SDC D through F, Chapter 18 applies
to both structural systems designated as part of the seismic-
force-resisting system and structural systems not designated
as part of the seismic-force-resisting system.

TABLE 11.6-1 Seismic Design Category Based on Short-Period
Response Acceleration Parameter

Risk Category

Value of Sps lor Il orlll v
Sps < 0.167 A A
0.167 < SDS <0.33 B C
0.33 < Spg < 0.50 C D
0.50 £ Sps D D

TABLE 11.6-2 Seismic Design Category Based on 1-s Period
Response Acceleration Parameter

Risk Category

Value of Sp, lorllorli v
Sp1 < 0.067 A A
0.067 < Sp; <0.133 B C
0.133 <5p, <0.20 C D
0.20 < Sp, D D

-
=
-
>,
7!

DPT 1301/1302-61

A15197 1.6-1 MIUIUsEIaMNIsoBnwUUMUUBHLAUlmlneRe1sanaIna S

UsLnnnIsaanLuudunIuLEuaulng

A Sy UszimanudAgy UszinnanudAgy UssiamanudnAgy
| %30 |l Il \Y

Sps <0.167 n (lisiaseanuuv) n (lisissoanuuv) n (lidsioseanuuv)
0.167 < 8§, <0.33 i i A
0.33 < §,5 <0.50 A A 3
0.50 < S 3 3 3

3T 1.6-2 MIutsUszianniseenuuuiumuksuRulmalne e sanang S,
Uszmniseanuuuiumuusiuauln

A S, UszmaadAgy UszinnaudAgy UszimanudiAgy
| 3o I Il \Y

S, <0.067 n (liflaseanuuy) n (Lislaseanuuy) n (Lifpsvanuuv)
0.067 <8, <0.133 U Y A
0.133 <§,, <0.20 A A 3

0.20 <8,

N

3

3

18.4—Intermediate moment frames

*For two way slabs that are designated part of seismic-force-resisting system (SDC C)

18.14—Members not designated as part of the

seismic-force-resisting system (SDC D)

SSI BUILDING TECH

4) Seismic laws and standards
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Table R18.2—Sections of Chapter 18 to be
satisfied in typical applications!"

Component SDC
resisting
earthquake effect,
unless otherwise A B C D.E.F
noted (None) | (18.2.1.3) | (18.2.1.4) (18.2.1.5)
.illﬂl}'SiS.. and design 182 72 1822 18.2.2,
requirements 18.2.4
18.2.5
Materials None None through
18.2.8
Frame members 18.3 18.4 18.6 through
18.9
Structural walls and
. None None 18.10
coupling beams
Precast structural None None 125 18521 1811
walls
Diaphragms and None 18.12 18.12
misses
Foundations None 18.13 18.13
Frame members not
designated as part of None
ignated [J_ None I 18.14
the seismic-force-
resisting system
Anchors None 18.2.3 18.2.3

[UIn addition to requirements of Chapters 1 through 17. 19 through 26. and ACI 318.2,

except as modified by Chapter 18. Section 14.1.4 also applies m SDC D, E. and F.

[FJAs permitted by the general building code.

4) Seismic laws and standards

= Chapter 18—Earthquake-Resistant Structures
iF 18.1—5cope
¥ 18.2—General
iF 18.3—O0rdinary moment frames
¥ 18.4—Intermediate moment frames
IF' 18.5—Intermediate precast structural walls
IF' 18.6—Beams of special moment frames
I 18.7—Columns of special moment frames
IF 18.8—Joints of special moment frames
iF 18.9—Special moment frames constructed using precast concrete
P 18.10—Special structural walls
P 18.1 1—Special structural walls constructed using precast concrete
iF 18.12—Diaphragms and trusses
¥ 18.13—Foundations

¥ 18.14—Members not designated as part of the seismic-force-resisting system
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UEW.1301/1302-61 4) Seismic laws and standards
LUIGSTIUMSD2NIUUNGISEIUMU

n1SHTJa:iﬁDUUDOIIWUﬁI.“ﬁ3

=]
Unn 5 PART 5: EARTHQUAKE RESISTANCE

FALDIALATIES CHAPTER 18—EARTHQUAKE-RESISTANT STRUCTURES

5.1 TRsaaF1aLMEn
5.2 TATIATIIADUATHLATULAER

5.2.1 WIETFTUEUTIL AT R18.1 _SCOPE
ﬁﬂu’lm-i;ﬂ'liu‘l.ﬂ‘l.ﬂ'ﬁu idade ACI vTaumsguauin lasunsaauiy Chapter 18 does not apply to structures assigned to

5.2.2 AaATHUALAEITUTEL U TRSIAT A UV TR LA T ; . : : ;

(n) st 1 aygelildlaseaie Ordinary, Intermediate or Specl Seismic Design Category (SDC) A. For structures assigned
‘tum-iﬁ’mmgm-iﬁuﬂnﬁauzjaauw’uﬁu"l.m v'raun'aamuidnhuﬂv t SD C B d C Cl ¢ l 8 l ¢ ¢ ¢ l t .2
UREVITIHAEE R ATLETIMA ARTUNIRTS TUATTa B AL LTI AR TR 0 . an , Lnapter dpplies 10 structural systems E

(a) tsean @ sy eldly Intermediate or Special moment resisting frame tor mtemic-farceoracieting o "

Or iy ntermediats or Special shear vl designated as‘parl of the seismic-force-resisting system. F|01 @
Tlumsshununsduasiiauzaausuaung Malldaaduiuus structures 3531gned to SDC D thl‘DUgh F, Chapter 18 Elpp]lES ﬁ
LASVITIEANELAN AT ARETIIETS TUATaanu L LTI A a 1089 2 . . ;
(a) dseiam o Litglasaasa Special moment resisting frame or to both structural systems designated as part of the seismic-
Spedal shear wall AR force-resisting system and structural systems not designated
Tusggumunsduasiiavaaawsuan iy Wallda A1 nsa ! . iy
uAnTnaRI AN TETIMANAUIIATS TUATAE ALY TIADITE as part of the SBIS]’I’IIC-f‘OI‘CG—FESIS[ll‘lg system.
drvuaruasTaseasomlilananwuu s uwsuE YT T
aanuuy TasaasaduniolausouuIfasiufunayausaLAa= A
ATELAR U S TUT
(4] Tesasunsadaniiauoiizdunataluniuaiisef adniaosdas
a7 5.2.7.4 winiduwsutudasmownysauivanu 5.2.12

5.2.3 Aafdruessasioan TEsitand i a aunEauaa ATl
UsEL AT Taa AL LU E TLLHLAU T ILLY A

5.2.4 Faf e Ioad pRn TESIMAR T LIE TR aUASAYEIE AT
UsELAvAITEaALLLE TR LLELE YT ILLY 2

5.2.5 Fadmuatfoafrudiu SgiavTadumdsudan

5.2.6 FaAuaLABI YA SEFILMAN TUTATIE UM UL STAETTUR

5.2.7 i'|s_lﬂt:lﬁs_lmﬂ'miﬁmHﬁﬂT_nwm"muwm‘mﬁﬂnﬂﬂLHﬂuTquﬂﬂ'mﬂ'WM‘u

TATIAT IR S UASELATHLWRAR

5.2.8 Aafdmuafafuaiuivassnuusadiaiiaueile e

5.2.0 *u"ari’mumLﬁmrTLleTu‘IFﬁﬂsﬁuLl.ﬂﬁmﬁim_ﬂmuﬁm'ﬁmu

5.2.10  dasassviaanulass Tilasasuusasatidauoa oA \‘

5.2.11  AiuwirRauniefiiauoiliaiAruazaudaniy

)  5.2.12  mad@EumanluuskuiudaaeaauniaEEomanuuy e ssisuioina TecH  West Coast Engineering Co, i
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18.4—Intermediate moment frames

18.4.5 Bivo-way slabs without beams

18.4.5.8 At the critical sections for columns defined in
22.6.4.1, two-way shear stress caused by factored gravity
loads without moment transfer shall not exceed 0.4¢v, for
nonprestressed slab-column connections and 0.5¢v. for
unbonded post-tensioned slab-column connections with
Jye 1 each direction meeting the requirements of 8.6.2.1,
where v, shall be calculated in accordance with 22
requirement need not be satisfied if the slab-column connec-
tion satisfies 18.14.5.

.6.5. This

8.6.2.1 For prestressed slabs, the effective prestress force
Ay f. shall provide a minimum average compressive stress
of 0.9 MPa on the slab section tributary to the tendon or
tendon group. For slabs with varying cross section along the
slab span, either parallel or perpendicular to the tendon or
tendon group, the minimum average effective prestress of
0.9 MPa is required at every cross section tributary to the
tendon or tendon group along the span.

Table 22.6.5.2—v for two-way members without

shear reinforcement

Ve

EE W (@)

Least of (a), (b), and (c):

[0_1:-' +0%3]le ®)

[Wﬁbﬂ]lm ©

Notes:
(1) A; 1s the size effect factor given n 22.5.5.1.3.

(11) B 1s the ratio of long to short sides of the column, concentrated load. or reaction

area.

(111) o, 15 given in 22.6.5.3.

22.6.5.5 For prestressed, two-way members conforming to
22.6.5.4, v, shall be permitted to be the lesser of (a) and (b)

(a) v. = 0290/ £/ + 031, + Zr

mth 5 (22.6.5.52)

v
®) v = 0.083(1.5+0;:—d]11/?6’+0.3fw +t (22.6.5.5b)

4) Seismic laws and standards

::E Nonprestressed =-=-===Post-tensioned

} o.ndw.h*

— T Shear reinforcement

g 003 “~~._| required

g i O

£ 002 L ¥ -

© _ "-...=

> 0.01 Shear reinforcement TN

O AT . T f——— -

= not required

-

Y B B

o 00 01 02 03 04 05 06 07
Vuv"’d’ﬁnvc

Fig. R18.14.5.1—lllustration of the criteria of 18.14.5.1.

*For two way slabs that are designated part of
seismic-force-resisting system (SDC C)
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DPT 1301/1302-61

UNN 5
s18aZLRunALASIES1S

5.2 TAs9d319mDUNSALESULAAN

o < =1 =] o [ F
5.2.12 nsiasumanluniunuaamisnaunsaasiimaniuuliniu
nsiasumdntukkuiuassmsunsaEsumankuuliaunfiasanIndudiuveiass
e/ L- V.V o.‘J = 1 = o/ = [~ = s :?I’ :dl
AuTIRRSULssFuaziouanusiuAuln iasumanauseazidendstl (FUN 5.2-14)
52.12.1.2 adnsidiussadou v,/ ¢V, feuinldazdeslaiiu 0.4 Taed ¥, 1Ju
usadoulfuruuvihdaingnssuanfitinanuivinussnuuaRsus
WU 1.2D +1.0L Feipuiminussnnludiuveamiiedminussyn
95 (L) am1saanain 1.0 18y 0.5 1@ winuisetmdnasiid1ieania
4.9 Alathwiuranmsnauns (500 AlANTULTNBNITINUAT) LIULADIATTUY
Jufiessense wienunfldiludiuvesnisyuyueu Mauaaide ¢

Tunilnldingu 0.75 waz V. anamusisasidendsalui

(1) dmivunuiuliarumsuniaadumadn ¥, Iildaivesfianveda

Fastoluil
v @ ULE
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4) Seismic laws and standards

18.14—Members|not |designated as part of the

SR — :ﬁ Nonprestressed ===== Post-tensioned
seismic-force-resisting system (SDC D) S 004 ‘ | ‘
d *H""'--.‘ Shear reinforcement
-% 0.03 ““s..] required
® Shear reinforcement shall be provided = ors Tt
= 0. ==
O Y~
- DR 2 0.035-0.05VR > Shear reinforcement Sven
S "M notrequired | |~ i
PT > DR = 0.040-0.05VR ; Vp =0 for Vc 0 ]
2 0.00 . : |
® Shear reinforcement need not be satisfied if é“";, 00 01 02 03 04 05 06 07

> DR < 0.005 Va/®LnVe

Fig. R18.14.5.1—Illustration of the criteria of 18.14.5.1.

PT> DR < 0.0l

® Minimum shear reinforcement (same as DPT 1301/1302-61)
vs = 0.93,/fc’

and extend at least 4 times the slab thickness from face of support

v @ ULE
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5.2.12.1.4 dmsutenonuaiiuszuunkuiuasanwuuliauililadudiunisuns

sruUSULSIRIudne azdesdaldiimanasudiunsadouluniuiulaei
AdeiuLssdouvauvaniasy (V) sgdeslidasnin 0.3\/2{){,63
(Usaliuaunin 0.93\/ij{,d TUNIBIA3N) LAZADIINUNANLETUAINAT?
gonlUannvevvefisessuiliuszezlidosnin 4 winwesmnunuIkRuY

LAV AINUATIGUD18NLIUlE winniseenuuutduluaiute (1) BSade

(2) WyIVDNIIVD LA

(1) MUIBLIIEDULIZNEAUUNUIAAINGATO UL TILAAINLIARDUUSUAT
V, s3ufundlgnsadauiiinanluuudliaunandinieseninag

LAZNUNETANISIARDUAIAIUVIDDNLUUILA DI LULAUAIAIA1ULLT

@l

douidmualiluninsgiudmivenaisaouniaadumanlngisinas
YDIFUANIFINITUADUWAIUTZIN ALY

(2) ANNISLAARUSENTIMSS1UT19TENI1eTuBDNLUU (Desien Story Drift)
szdadliiiundtAfiuinninsening 0.005 VBIANUFITENINTY LA
[0.035-0.05(V, /¢V,) |
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e w ou & v b o wve 4) Seismic laws and standards
5.2.12.1.4 @ wSuTanaiulatussuubtunuanamawuulsaunluladuaiunisued

FEUUTULTIAIUD LRI LTI rantasuA LS Do Ul LLN LN UlAe 7

Aaanunsadouvaavaniasy (V) azasshitdesnin 0.3 bd

[(w%ahjﬁaaﬂ'jw 0.93,/ /' bd Tuvthewn3n) javdsanavaniadusingnd

panluanveauvesassulduszeeliaundn 4 W1U99AULLHUTIY

LA TUAT1R N 19enUle nn1seanuuutduluanude (1) nsate

(2) Wigavanilavala

(1) vbgusadauaigngguuniidaingaseuaiiinanusudouysua
v, safuniisuseeuiiinainluudbiaunaidsnieseninaa,

LALNUNNETANISLARDUAIAIUTIIDDALUUALADILULAUAGIA LS

douidvualilunaspudmiveimsnoundaaiumanlagisids
YIALALTFINTTUAN UMY TEINAl e

(2) MMsieaeufmdIMEauT19sEnIedusenLUU (Design Story Drift)
awdadlsiiAuniniilinnndisening 0.005 vesaugesevitedy ua

[0.035-0.05(V, / ¢V, )]

Remark: Shear reinforcement required when vu > ®1.06,/ f¢’

- Maximum punching shear stress for shear reinforcement vu < ®1.59,/fc¢’

- ovs calculated from ve = 0.53,/fc’

- Maximum ®vs = 1.06,/fc’ (compare with 0.93,/fc’ in ACI&DPT) 0 UJEE

SS| BUILDING TECH West Coast Engineering Co.,Ltd.




4) Seismic laws and standards

For example: 0.25m thk. Slab with 0.30x0.30m Column

= A
Critical section \ I‘(; S
1 : through slab shear ritical section
Calculate vs > 0.93,/fc’ + extend 4 times of slab thickness from face of support (=1.00m) reinforcement outside slab shear

For shear reinforcements

17

- Edge case, DBI2mm@0.080m(2loops) per side, total rebar weight around 70kg |

(first line of reinforcement
stirrup legs)
d/2 \ d2 y /

- Interior case, DB12mm@0.075m(3loops) per side, total rebar weight around 129kg

- Corner case , DB12mm@0.075m(1 loop) per side, total rebar weight around 25kg - d2

Plan Slab

—23h

g Interior case, Dia 12.7mm@0.05m(4 rails) per side, total weight around 87kg

v Edge case, Dia 12.7mm@0.06m(3 rails) per side, total weight around 43kg

i > should be located
i between 0.5d and 0.85d

away from the column face i Corner case , Dia 12.7mm@0.06m(2 rails) per side, total weight around 21kg

<=
<0754 =872

E g%d For shear studs

v @ WCE
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4) Seismic laws and standards

112 11/2
foe 1 ()% (PSi™?)
2 3 4 5 6 7 8 9
0.9 i [ ' 1 ’ l ‘= [ ' i | i |
' + 10
0.8 — AT
o + ZA ++ F - + = 9
0.7 1 + + - .
—_ 1 , § j:_i_+ A +i 25 ’ 1 8 o
o _ - + T + + -36) c—
= 08 + H+ + N + Eq. (11 .

(0 | o T4 T it + ++ A of ACI 318-05" 7 3
o |+ Aw t Ry = e =
0.5 + + ) 6
= | % - - ++ Ty ; -+ A L o
~— | + - — 5 1—’_"‘\
o 0.4 _l!_ F - q___u
— L e e e e e e e e Y Y . — 4 —
3 03 _ _ _ T~
5_-_-__ + Gravity loading tests (connections, frames) Eq. (11-33)— 3 O
“'*-u 0.2 O Interior connections under lateral loads of ACI 318‘05_ 5
> 0.1 7 A Exterior conn. with banded PT under lateral loads -

] v Exterior conn. with distributed PT under lateral loads -1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
1/2 1/2
f.e [ (F)"? (MPa"?)

Fig. 9 - Punching shear strengths of PT connections and frames (from data compiled by Han et al.”** ; and Silva et al.**)
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Structural integrity
ACI318-19 Section 8.7.5.6

8.7.5.6 Structural integrity

8.7.5.6.1 Except as permitted in 8.7.5.6.3, at least two
tendons with 12.7 mm diameter or larger strand shall be placed
in each direction at columns in accordance with (a) or (b):

(a) Tendons shall pass through the region bounded by the
longitudinal reinforcement of the column.

(b) Tendons shall be anchored within the region bounded
by the longitudinal reinforcement of the column, and the
anchorage shall be located beyond the column centroid
and away from the anchored span.

8.7.5.6.2 Outside of the column and shear cap faces, the
two structural integrity tendons required by 8.7.5.6.1 shall
pass under any orthogonal tendons in adjacent spans.

Minimum of 2
“integrity” tendons,
1/2 in. ¢ or larger,
must pass over

vertical bars, in
both directions.

@ 5) Structural integrity

Integrity tendons
must pass under

Minimum of 2
“integrity” tendons,
1/2in. ¢ or larger,
must pass over

vertical bars, in
both directions.

all orthogonal
/ / tendons which are
outside column.
column, inside column I f
/
/
/
w & | % %o \
Column vertical _——
(longitudinal) bars . .
— Section A at Slab/Column Joint ~ (Cut Through Banded Tendons)
M
<
Q Integrity tendons
must pass under
/ / all orthogonal
1 tendons which are
column, inside column ."‘ outside column.
{
||l|
f
|IlI
/
e - ¥ o%

Column vertical

(longitudinal) bars

Section B at Slab/Column Joint (Cut Through Uniform Tendons)

v @ ULE
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8.7.5.6.3 Slabs with tendons not satisfying 8.7.5.6.1 shall
be permitted if bonded bottom deformed reinforcement is

provided in each direction in accordance with 8.7.5.6.3.1
through 8.7.5.6.3.3.

8.7.5.6.3.1 Mimmum bottom deformed reinforcement 4.
in each direction shall be the larger of (a) and (b). The value
of £, shall be limited to a maximum of 550 MPa:

R8.7.5.6.3 In some prestressed slabs, tendon layout
constraints make it difficult to provide the structural integ-
rity tendons required by 8.7.5.6.1. In such situations, the
structural integrity tendons can be replaced by deformed bar
bottom reinforcement (ACI 352.1R).

In lieu of tendons passing

5) Structural integrity

//

through columns, integrity

steel can be provided by
non-prestressed bonded

reinforcement at the

bottom of the slab

0.374/ fe,d [£7
(a) 4, = I (8.7.5.6.3.1a) A = M in MKS unit
f;. 5 f L 1 ] ¥ i
y
(8 Q_
2.1c,d 2 1(32d _ ' \\_"/\1
(b) 4, =2 (8.75.63.1b) 4= 7 in MKS unit N e
y Y 04 (t A= /,
< yp) y
where c; is measured at the column faces through which Seci2217] < utnot less than
the reinforcement passes. - ‘ 4 =20l
S, Column vertical fy
Column | : 15h< ¢ (longitudinal) bars
8.7.5.6.3.2 Bottom deformed reinforcement calculated in N . /
8.7.5.6.3.1 shall pass within the region bounded by the longi- Effective (e —
. . width ) [72
tudinal reinforcement of the column and shall be anchored at :
exterior supports. 54?1’('” | ish<e,
4
Yield line 1 \\ _
8.7.5.6.3.3 Bottom deformed reinforcement shall be Ct ~ 0 | I I I :I
anchored to develop f, beyond the column or shear cap face. %
pJy bey P == Direction of moment === ssisuoina TEcH  West Coast Engineering Co, Ltd.




5) Structural integrity

ACl 352.1R-11 Section 6.3.1 or DPT 1301/1302-61

Top bar at small
angle, spalled top
concrete

column Vl

w,, = factored load

L Bottom bar at angle w,, >2times of service dead load
of 30° to the horizontal

Fig. 0.3.1—Model of connection during punching failure.

‘ 6.3.1 C{)rz}Ic'c°f:'chrs‘ without bc‘fa{ns—At interioﬁr connec- The reductions permiﬁed ﬁH' corner and E:’dgé’ connections
tions, continuous bottom slab reinforcement passing within esall i vl ) .o  provided
Fiies N e ih aclipittoicinal dieecicn shiori have i result in an equivalent area of reinforcement as providec
area not less than for interior connections. For these exterior connections, €,
—_— and ¢ are intended to be the full span dimensions, not the
. u?ﬂ 12 ‘ . .
o tributary area dimensions.
of, (6.3.1) :

in which ¢ = 0.9. The quantity of reinforcement A, may
be reduced to two-thirds of that given by Eq. (6.3.1) for
edge connections in the direction perpendicular to the slab
edge, and to one-half of that given by Eq. (6.3.1) for corner
connections in each principal direction. Where the calcu- <)
lated values of Ay, in a given direction differ for adjacent \’ @ M
spans, the larger value should be used at that connection.

SS| BUILDING TECH West Coast Engineering Co.,Ltd.




6.00

6.00

5) Structural integrity

: 0 0 . 0.5wu(6)(5)
nterior Agn =—/— fy
2\ 0. 5wu(6)(5)
Edge A==
dge Asm (3) 0.9fy
: 0 0 ) L (1) 05wu©)(5)
orner Agn = | 0,97y

5.00 - 5.00 | \, @ M

sssssssssssssss West Coast Engineering Co.,Ltd.




DIAPHRAGM

Collector

In-plane inertial loads

] Structural (shear) wall
Diaphragm Gravity loads

Collector
Out-of-plane

wind pressure
or inertial loads

Structural
(shear) wall

Moment resisting

Basement frame

wall .
Inclined column

Shear
Transfer in
diaphragm

Transfer slab/
diaphragm
Distributor

Below grade
soil pressure

Fig. R12.1.1—Tipical diaphragm actions.

”6) DIAPHRAGM

~

ACI318-19 Section 12.1.2

12.1.2 Diaphragms in structures assigned to Seismic
Design Category D. E. or F shall also satisfy requirements

of 18.12.

18.12—Diaphragms and trusses
18.12.1 Scope

18.12.1.1 This section shall apply to diaphragms and
collectors forming part of the seismic-force-resisting system
in structures assigned to SDC D. E, or F and to SDC C if

18.12.1.2 applies.

18.12.1.2 Section 18.12.11 shall apply to diaphragms
constructed using precast concrete members and forming
part of the seismic-force-resisting system for structures

assigned to SDC C,D_E, or F.

WLCE

West Coast Engineering Co.,Ltd.



: 6) DIAPHRAGM

Lateral load

EEE R R R ERREEEEY
C= ]

Vertical element
and reaction force —\
Center of
resistance
/— Diaphragm
boundary
Plan
| 1 |
|
|
i |
| |
Diaphragm shear '

1
Diaphragm moment

Fig. R12.4.2.3b—Diaphragm in-plane actions obtained by

modeling the diaphragm as a horizontal rigid beam on flex-
v @ WCE
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6) DIAPHRAGM

12.10.1.1 Diaphragm Design Forces Floor and roof
diaphragms shall be designed to resist in-plane seismic design
forces from the structural analysis but shall not be less than
that determined 1n accordance with Equation (12.10-1) as
follows:

I—TF
F Z W

11'
T

o (12.10-1)

where

F,. = Diaphragm design force at level x;
F; = Design force applied to level i;
w; = Weight tributary to level i; and

= Weight tributary to the diaphragm at level x.

The force determined from Equation (12.10-1) shall not be less
than

F e =0.2SpsI, W, (12.10-2)

The force determined from Equation (12.10-1) need not
exceed

F,.=04Sp5l,w,, (12.10-3) NS I”'EE

SSI BUILDIN G TECH West Coast Engineering Co.,Ltd.




6) DIAPHRAGM

EXAMPLE

7 FL building with post-tensioned floor

Floor height 3.5m
Column 0.50x0.50m

Slab thickness 0.25m

Importance factor = 1.0

S8l BUILDING TECH

West Coast Engineering CoLtd.




ATANNNLSINDUAUDY

RN 9N WBeanasy
Sy S)
NesUul 0.855 | 0.195
Waalvy 2VUND 0.893 | 0.243
CRee! 1.019 | 0.266
lwadsins 1.018 | 0.265
ABYLAN 0.834 | 0.237
MOYELLAN 0.910 | 0.225
ADENAD 0.926 | 0.248
QN 1.038 0.282
WM 0.953 | 0.238
Wioagusln 0.963 | 0.248
waiua 0.891 | 0.242
LHULAY 0.992 0.260
By

® ULE
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M5 1.6-1 mikunliznnnieansuuemanuwsivdiulmlsefiarianane S,

UssunmmmsaanuuuaTunuusiunuleg

A1 S, Ussamarudan Useumariudfn UszumarmdAn
I wie i i IV

S <0.167 n (Lifesmenuuy) n (laifesenuuy) n (hidesmenuuy)
0.167 < §,, <033 Y ? g
033 = 5y, <050 A A !

A3 1.6-2 mManunlsznvniisanwuurmamuusiudulnilaeiariuieinm S,

UssummsaanuuudTun ulsuaulng

A1 S, UsanmaudiAn UssumarudAn Uszumarudan
Iwia I Il v

S, <0.067 n (Lifesmenuuy) n (Lifesoanuuy) n (Wifeamenuuy)
0.067 < 8p, <0.133 Y Y g
0.133 < §,, <0.20 A B ;

0.20 £ 8,

1

1

_6) DIAPHRAGM
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Salg)

SSSSS

Sa&T
0.713
0.617
_~ T=051
Ts:0.44/ - T,second

97.13 Ton

85.23 Ton

68.11 Ton

51.01 Ton

— 33.94 Ton

( — 16.91 Ton

Equivalent lateral force (ELF)

Importance factor = 1.0
R=6

Qo =2.5

Ci=5

Cs = Sa(l/R) = 0.617(1.0/6) = 0.103

Base shear, V =352.32 Tons

\¢ @

........ on

6) DIAPHRAGM

WLCE
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6) DIAPHRAGM

::., /

Sa &T Response spectrum analysis (RSA)
— Scale factor = (g/R) = 1.634
Vt = 181.64 Tons
V =352.32 Tons
T0-0 088 0.85V =299.47 Tons
Py ._ . ) 0.85V/Vt = 1.649
Ts=0.44 Tsecond Scale factor = (1.649)(1.634) = 2.694
Story Forces
Tons
7th 105.44
b6th 62.58
Sth 39.76
4th 30.57
3rd 33.99
Znd 21.14 \, @
lst DIDD SSI BUILDING TECH %




6) DIAPHRAGM

_E
Story Weight | Forces Fp (0.20)5ds.I.Wpx| (0.40)Sds.I.Wpx
Tons Tons Tons Tons
Jth 542.09 105.44 105.44 77.30 154.60
bth 542.09 62.58 84.01 77.30 154.60
5th 542.09 39.76 69.26 77.30 154.60
4th 542.09 36.57 61.09 77.30 154.60
3rd 542.09 33.99 55.67 77.30 154.60
Znd 542.09 21.14 49.91 77.30 154.60
Sum 299.48

v @ ULE
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6) DIAPHRAGM

At 6t Eloor Tension

i

= ::‘E
l M=787T-m

Compression

v @ ULE
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2dmi

P T - T =

|I ] 3 |:-|! o~ ! ! o

Y | = y 3 e
B =0 L2 LT < LHT I = LAT

T

’jB) DIAPHRAGM

Transverse load design by EFM
P/A 24 ksc

Required 18 strands

Top rebar at column = 7-DB16mm

v @ ULE
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6) DIAPHRAGM

B A
= B ® ¥ #

- Re-design by change load factor to 1.2D+1.0L
- If LL<4.9 kN/m2 @LL = 0.5

M,demand =28.72 T-m

Provided Strand 18-dia 12.7mm + Rebar 7-DB16mm
M,provided =46.71 T-m

Reduce strand to 8-dia 12.7mm + Rebar 7-DB16mm

M, provided = 28.62 T-m Y @ UIEE

BUILDING TECH West Coast Engineering Co.,Lid.




18.5

M=787T-m

6) DIAPHRAGM

- Reduce strand to 8-dia 12.7mm + Rebar 7-DB16mm can carry life safety level
- However, strand 18-dia 12.7mm + Rebar 7-DB16mm are provided
- Reserved compressive stresses for 10 strands = 13.34 ksc

Section modulus of diaphragm = % (20)(1850)? = 11,408,333 cm?

Tensile stress =

S e~

M
S

787,000(100)

=13.34 - 11,408,333

= 6.44 ksc compression

No additional rebar required

- Compare with modulus of rupture in case of tensile stresses occurred

ACI318-19 section 19.2.3.1
Modulus of rupture

fr=0.62,/fc’ Mpa

=2.0/fc’ ksc Y 0 u.I'EE

$SI BUILDING TECH West Coast Engineering Co.,Ltd.




7) Post-tensioned slab and core wall connection

Post-tensioned slab and core wall connection

S
DB12 @ 0.15 B(T&B)

I/
. A

“
v

/"d N /f— N
-8 -8 / A\ / N\ L
— — 4 = I ] T 1 _ _ — —4 |
T = i o @ FES T T - Toon | B =k
/ 00T ! z 4 / - H /! Er\
. = — < = = — - -~ : - - : b
/ (i s=— b o e MHL'W 020 ‘Sld o
\_ _ L — = | = EE 2
= o I & " 150 .
@ 1.50 J
| et | +—+ |
P | EJ
| I
L - o
Z | a Z
V4 |
LN o | p——— ol § j'—| T PRERY
-8 lo s i 8 =
=) o 15 [srd
1.00} | |5 i 5
1 i ke K 2
I L u]JI -‘.- .'.
Iy - HI\E F |
! ’n = /-8 =
| L Py 1 Py — N R R RN AP R RN =S - =
= S —F = ';E@\ e Y ;
| o ) LY ‘:‘ -
e 1) o - s - - D NI - -~ =
TN (] N LEY . A o
T f! i -1 ;‘f | 71 §§ "4
- 150 —1— s =
1L M - §z‘
o | = a
g ol _ \C!
s - N8
. | S ey \D\\\
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7) Post-tensioned slab and core wall connection

Master actuator r4r = Wy — g::‘?;glnr CT B U H
. : mnmm
ke T N I - = Research Paper I
frame | Lead S
1 = > weights s AW 5 H
Concrete | A e e e S— H
reaction — -/ L pT siab ’ - Reaction Title: Performance of Post-Tensioned Slab-Core Wall Connections
blocks | | Core wall | w10% L frameo
1 Authors: Ron Klemencic, Magnusson Klemencic Associates
- :-— ; . ; 4 X J. Andrew Fry, Magnusson Klemencic Associates
P e — Gabriel Hurtado, University of California Berkeley

Jack P. Moehle, University of California Berkeley

Fig. 4a — Elevation of Test Set-Up

Fig. 4b — Test Set-Up

vi @ WLE
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7) Post-tensioned slab and core wall connection

24"

PT Tendons (green)
Rebar (red)

?'-01}'&“

6'-234"

Eal"u“

® ULE
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7) Post-tensioned slab and core wall connection

Lead weights
[~ PT slab |,— Column i

Master actuator - ' | -8’
aster actuator . . - . . . | . ;Ti | gj:?::tor

Orange } —‘] ;e | |

re?fat:'?lg | | T - . . . . . J”_-:L;%;!:' Reaction

Concr;te ! Core wall — | . . . . . . | . 1'1-8“ - T

"E;‘égig | 2'-3%—J-4'-6"-4'-6"—4"-6"4-4"-6"I-4'"-6"—6'} 9"— 26"

Fig. 8 — Plan of Test Set-Up Showing Superimposed Loads

v @ ULE
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7) Post-tensioned slab and core wall connection

”~ »
1" cover t . | : A
YP- 1" cover typ. u
PT tendOnS .'. = > o 9 p— #5 @12" pT tendons \I % | I #5 @12“
#5@12"top — | 2 ! Formsaver #5@ 12" top — - > " Formsaver
Il\ | 8 I.,-"- \ \ L L 3
\ = ! ) w - ! s‘_ - '1 m
| < 1 4 | . !?_ 1 L /
I,"I (2) #4 @ anchor | \"--.\\_\ \ ] - Formsaver #5 @ 12" bot J/ '\. \. B/i" :ﬂeep X
#5 @ 18" bot —/ “ E N\ . 3%" high x
PT anchor 2" | M 3" deep x A 9t nI:IiwIs extd : N 1@ 22L?ngé<eys
from wall face | i 8" high x 2P-'I{‘5a:;¥2?sd / a
A ! 8" long keys ‘ |
l 5'-.0Q" 0 . " @ 12" OC PT anchor 8" from wall face _/ ’ A | \— (2)#4 @anchor

#5@12"top #5@ 12" top |
‘I:_I key - key '
key \ I. . key s \
\ /4

[\ #5@ 18" bot —/
#5@ 18" bot —~ L key
SECTION SECTION
Fig. 1 —Typical Slab-Wall Connection and Detail for Specimen 1 Fig. 3 — Slab-Wall Connection Detail for Specimen 2
Specimen#l Specimen#?2

1) Anchorage 2” away from wall face 8” away from wall face

2) Shear key 8”x8” @12”,3/4” deep 3.5”"x12"” @24” ,3/4” deep

3) Top rebar #5@12” (DB16@300) #5@12” (DB16@300)

4) Bottom rebar #5@18” (DB16@450) #5@12” (DB16@300)
5) Bottom rebar 5’ from wall face 2’6” from wall face \’ @ WE

§SI BUILDING TECH West Coast Engineering Co.,Lid.




7) Post-tensioned slab and core wall connection

T18ER T25 TR T4 TORN  TORES T /738 TORE TOE T10. A2 |
BT | B2 F B3 B4 | BS BG | B7
LY e d l LG 4

¥ n/ X I\l '\1 ' n/

R—
E———
el § R ey g

P > Se—
w § W P d

R j e - s )l (M - a v
) SRR % v ety | 1 NN N Y phpt phapn g '

|\

iTh

Fig. 23 — Dowel Bar Legend: Specimen 1

> ww WCE
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7) Post-tensioned slab and core wall conn_ection

-

'___J TS 2SI SRR TS 5 IVARIC] S TO. T10

w

]

l§1l5?l'3,3l54,l-|3 QBlB?lgalgglg

# - —— -

N br TR @ PUTNWI :

"'-T — 1--* -.--.al-ﬁl-......,._.ﬂ

- T Fﬂ,"{ﬂ*

Fig. 24 — Dowel Bar Legend: Specimen 2
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7) Post-tensioned slab and core wall connection

Table 5 — Maximum Crack Width (inches) of Slab Near Wall

Building Maximum Crack Width (inches)
Equivalent Location with Specimen Held at Peak Drift
Drift Ratio Specimen 1 Specimen 2

0.0025 Ti.'lp of ."_'nlii:h 0.016 0.020
Bottom of Slab 0 0
— Top 0.040 0.060
Bottom 0.010 0
0.0085 Top 0.080 0.130
Bottom 0.013 0.013
0.015 Top 0.200 0.190
Bottom 0.030 0013
0.075 | op 1.0 0,560
Bottom 0.200 0.020
Iup — —
0.05
Bottom

vi @ WLE
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7) Post-tensioned slab and core wall connection

Comparation of Specimen 1&2

1) At 2.5% drift ,top rebars of specimen#1 were pull out while specimen#2 failed due to bar buckling

2) Anchorage of specimen#1 were placed only 2” from wall face. Large cracks were concentrated
between anchorage and wall.

3) Anchorage of specimen#2 were placed 8” from wall face. Cracks were more distributed and
narrow.

4) The unequal T&B rebars in specimen#1 led to more significant compressive strain in top rebars
contributing to what was most likely a fatigue failure of to rebars

5) The equal T&B rebars in specimen#2 buckling occur in the zone between anchorage and face wall

vi @ WLE
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7) Post-tensioned slab and core wall connection
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25.4.3 Development of standard hooks in tension

25.4.3.1 Development length £ for deformed bars in
tension terminating in a standard hook shall be the greater

of (a) through (c):

SIEALAAY

d ;j with Wes Wis Wou Yo and A giVEﬂ

230 1)
in 25.4.3.2 fan -
(b) Sdb . =0.756gn _ ‘ rtﬁ,
(c) 150 mm

15d,,

\— Ties or stirrups

Fig. R25.4.3.3a—Confining reinforcement placed parallel
to the bar being developed that contributes to anchorage
sirength af both 90- and 180-degree hooked bars.

tan .
. 20.75/gn _ | dp
iF ,
-
! !\
o T

Fig. R25.4.3.3b—Confining reinforcement placed perpen-
dicular to the bar being developed, spaced along the devel-
opment length gy, that contributes to anchorage sirength of
both 90- and 180-degree hooked bars.

7) Post-tensioned slab and core wall connection

Table 25.4.3.2—Modification factors for
development of hooked bars in tension

Modification
factor Condition Value of factor
Lightweight concrete 0.75
Lightweight A
Normalweight concrete 1.0
Epoxy-coated or zinc and epoxy 12
dual-coated reinforcement '
Epoxy vy, -
Uncoated or zinc-coated 10
(galvanized) reinforcement )
Confining For No. 36 and smaller bars with 1.0
reinforcement Ay > 0.44;; or st > 6d,1] .
Wr Other 1.6
Location v, For No. 36 and smaller diameter
hooked bars:
(1) Terminating inside column
core with side cover normal to 1.0
plane of hook = 65 mm, or
(2) With side cover normal to
plane of hook = 64,
Other 1.25
Concrete For f,' <42 MPa 11105+ 0.6
strength v For f;' > 42 MPa 1.0

s i5 minimum center-to-center spacing of hooked bars.

Pld, is nominal diameter of hooked bar.

vi @ WLE
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7) Post-tensioned slab and core wall connection
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8) Restrain

v @ ULE

sssssssss CH West Coast Engineering Co.,Lid.




8) Restrain

e Fixed End Moment between Slab&Column

c =P/A

p=> =: = -

vi @ WLE
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180

8) Restrain

e Fixed End Moment between Slab&Column
150 50 150 180 150 180 150 150 150 160 150
— > Axial compression
BEI. wu=1 6El,
S TR 12E0,
12El, i h
i
12El; {128,
" I.': ]
14974 74 14858 49.53 149.52 149,52 149.58 149.58 149.74 4574 Yara —r
S S
i i 6El, 6El,
> Axial compression " e
150
0.26 [ "CI b 40.05 - <0.28
0 0.05 .28
]
a 1S a a

Shear in columns
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1500 kN
—

(1]
I.a

(4]
=]
.3

L

i

Axial forces in slab

1315.01 1315.01 1220.77 122077 122077 1220 77 1315.01 1315.01
1500 kN
<
il in 3.
37 i3 3.9
% % E
20 52 Column moments 20 .59 17.
309 28 0 309 28 829 82
[
I Fi} Fi}

E\,—« i-\‘\
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8) Restrain
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8) Restrain

Split columns

S

=
mm -
i

—
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8) Restrain

Column hinge concept

vi @ WLE
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Questions

1. #wsfunu Post tension nlulédudqunileaasszusdunsediudng lunisaanuuulssiny 9.

a1 Story drift ratio sasliifiuwinle Gravity ratio asazldfinalunisiansnnniadsumanfuLNIRaUNARaTTNINNLLATLAN

A) 0.005 B) 0.010

2. amsnimundaanzaadu grid auns 6mxém wu = 1200 kg/m2 uaz fy=4000 ksc Aunmmanigiutasiunisidi

391
RN RN NG

s N N

) Bdge Agy= (2)S2LZEDE0 4 (s

3 0.9(4000)

6m

B) Edge A,

(E) 0.5(0.12)(600)(300) _,, .,

3 0.9(4000)

o6m
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Answer

1.

Ausunu Post tension #lalgidlugnuniiaaasszuuiunsadnudng luniseanuwuulszinm <.

U

an Story drift ratio faslifuinle Gravity ratio asazldunalunsfiarsnnn sdEuman LI UNAAD IE U NN LLAZLAN

ANS = 0.01 & Nonprestressed == === Post-tensioned
:1;( 0.04 -..“‘“ ‘ ‘ ‘
S oos Sl Shear reinforcement
2 “s~..| required
© "s-
£ 002 ALY -
°© Tee
0.0} Shear reinforcement Sea
. ’ ]
5 not required
c
2 0.00
2 00 01 02 03 04 05 06 07
Vuv‘/‘b"}nvc

2.

Fig. R18.14.5.1—Illustration of the criteria of 18.14.5.1.

ALN9FRLIA AR AL

6.3.1 Connections without beams—ALl interior connec-
tions, continuous bottom slab reinforcement passing within
the column core in each principal direction should have an
area not less than

L _0swee

o, (6.3.1)

in which ¢ = 0.9. The quantity of reinforcement A, may
be reduced to two-thirds of that given by Eq. (6.3.1) for
edge connections in the direction perpendicular to the slab
edge, and to one-half of that given by Eq. (6.3.1) for corner
connections in each principal direction. Where the calcu-
lated values of A, in a given direction differ for adjacent
spans, the larger value should be used at that connection.

anAnsfaumdaanFeadu grid awis 6mxem wu = 1200 kg/m2 uaz fy=4000 ksc Auanmmanidiuidasiunisils

Edge A,,=

a o/

2

3

0.5(0.12)(600)(600)
0.9(4000)

=4cm2
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