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R6.3—Modeling assumptions
R6.3.1 General Sl o b bl oo R asys 0 5l pas sasiie Judou 1 o g bl sl S il — I
For braced frames. relative values of stiffness are

. o il S sl i
important. A common assumption is to use 0.5, for beams S Pl s

and I, for columns. )
K - Dl o 0 Y -F-0-F- ki b sl (Q (gl asli— o

JoB) hils oS >y o5l L Braced Frame oo jlee ol ACH 318 a5 3ollas
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A braced frame is something along the lines of a frame that has a wall
inserted to take almost all of the lateral load (i.e. a relative stiff shear wall).
This is where R6.3.1.1 comes into play. If the stiffness of the wall is high
enough and the wall takes the vast majority of the lateral load, it is unlikely
that the columns will crack very much, thus a stiffness of Ig would seem
appropriate for the columns. Non-sway is a situation where a specific

column does not see a large amount of P-delta effects, which could occur in
both a shear wall lateral system or a stiff moment frame lateral system.
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9.3.1.3 Effective moment of inertia in T-beams and L-beams

In calculating the effective moment of ineria of cracked sections, the effective width of the overhanging
parts of flanged members shall be one-half of that given by either 9.3.1.2(a) or (b).
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24.2.3.6 For continuous one-way slabs and beams, I, shall
be permitted to be taken as the average of values obtained ,  _ I, pos 1, e
from Table 24.2.3.5 for the critical positive and negative “*®& 2
moment sections.
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developed outside shaded for span /; placed
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required for force transfer
not shown.
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Shear ~— Shear-friction (shear friction reinforcement) ¢ g0 0,8l
reinforcement Dowels Cold joint
/ . 2\ P
k Collector
b reinforcement

distributed
Wall transversely into

/ the diaphragm
C

Structural wall —\

,

LLLL
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i q

Z '
Tension | Compression
Collector < p A ffuu B /l/
reinforcement " S
. A,r refers to the distributed vertical reinforcement in the
(a) Collector and shear- (b) Collector tension and wall web; in a wall with boundary elements, 4,r can be
friction reinforcement compressfan forces conservatively calculated as if the distributed vertical web

reinforcement continues uninterrupted into the boundary
elements.
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HY 200 odos conr (Lo » Slowlxo diged

ESR-3187 | Most Widely Accepted and Trusted Page 27 of 46

()
e

EU Metric Reinforcing Bars Bond Carbide Bit or
Strength Hilti Hollow Carbide Bit or

Diamond Core Bit + Roughening Tool

TABLE 17—BOND STRENGTH DESIGN INFORMATION FOR EU METRIC REINFORCING BARS
IN HOLES DRILLED WITH A HAMMER DRILL AND CARBIDE EIT {OR HILTI HOLLOW CAREIDE DRILL BIT) OR CORE DRILLED WITH
A DIAMOND CORE BIT AND ROUGHENED WITH A HILTI ROUGHENING TOOL'

. Reinforcing bar size
DESIGN INFORMATION Symbol | Units
10 12 14 16 20 25 28 32

- mm 60 70 75 80 a0 100 112 128
Minimum Embadmant Botmn | ey (2.4) (2.8) (3.0) (3.1) (3.5) (3.9) (4.4) (5.0)
Maximum Embedment 5 mm 200 240 280 320 400 500 560 640

] (iny (7.9) (9.4) (11.0) {12.6) {15.7) {19.7) (22.0) {25.2)

o gtham:;e,ﬁﬂic b;";' MPa 7.4 7.5 7.5 7.5 7.5 58 5.8 5.9

) ren In cracke o
E < conc,?ete ™ (psi) | (1,075) | (1,080) | (1,085) | (1,080) | (1,005) | (840) (845) (850)
2 & [ Characteristic bond MPa 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8
5 E | strengthin Tk uncr
= uncracked concrete (psi) | (1.560) | (1.560) | (1,560) | (1,560) | (1,560) | (1.560) | (1.560) | (1,560)

255 il Lrin) g i 5050 5 A 41 5lae o 52035 Ol 5T 4 bgs e Y-IA-R alasly Jgf oz dus : 455

N (0
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g Anchor _ 1
2 Cate . . .
K Dry concrete lild =B L B w by cn,o
™ w
- Py - 0.65 d— ) . .
°% 5055 jsb o po (nlosls
2 5 Anchar ) 5
E(“’ Water saturated Category ol JL@.C! f-YA-8 ‘_JTL? 59
£ concrete
& . . 0.5 :

’ s Jlas! wub ! Lol el

Hammer drilled ’ '

o Cm-_»:'
£ s | - 0.80 085 | «fwem l . *
2 =1 o) il ay bgiye oo
"Ié Core drilled +
_§ _ roughening ?_\A_QLJS"J‘-?' g‘*:’.ﬂ"L’ 9 as’
S5 & ) s | - N/A 0.71 0.77 0.86 0.78
BE | o8 ] sos od oA
x o —F == & 7 )-01 )-01

ForSl: 1 inch =254 mm, 11bf = 4,448 N, 1 psi = 0.006897 MPa.
For pound-inch units: 1 mm = 0.03937 inches, 1 N =0.2248 Ibf, 1 MPa = 145.0 psi

! Bond strength values correspond to concrete compressive strength £, = 2,500 psi (17.2 MPa). For concrete compressive strength, £, between 2,500 psi (17.2
MPa) and 8,000 psi (55.2 MPa) [minimum of 24 MPa is required under ADIEC Appendix L, Section 5.1.1], the tabulated characteristic bond strength may be
increased by a factor of (. /2,500)" ' [For SI: (F. / 17.2)"']. See Seclion 4.1.4 of this report for bond strength determination,

IT&mpﬂratum range A: Maximum short term temperature = 130°F (55°C), Maximum long term temperature =110°F (43°C).

Temperature range B: Maximum short term temperature = 176°F (80°C), Maximum long term temperature = 110°F (43°C).

Temperature range C: Maximum short term temperalure = 246°F (120°C), Maximum long term temperature = 162°F (72°C).

Short term elevated concrele temperalures are those that eccur over brief intervals, e.g., as a result of diumal cycling. Long term concrete temperatures are
roughly constant over significant periods oftime.

LOF-V-AVA-Y oy Gl

5.8%0.65%0.85%(30/17.2)*0.75=4.19 mpa - Vo . Lo Jlee
T ey e
d 2

20d, . 0.9xfy T xm diy Al oS Gy 4 by
—z0'6‘ - — 27a JOUNIRVSRR PRy
330d, 4.19x0.65xmxd, 5 51 e
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LT

www. hilti.it Profis Anchor 2.8.4
Company: Page: 1

Specifier: Project: _
Address: Sub-Project | Pos. No.:

Phone | Fax: Date: 10/21/2019

E-Mail:

Specifier's comments: All input data and results must be checked

1 Input data

i : RPIEEE AL i wad d T T didid:
Anchor type and diameter: HIT-HY 200 + Rebar 256mm
Effective embedment depth: Mgt act = 500 MM (Ngt jimie = - Mm)

Material: B500B

Evaluation Service Report: ESR-3187

Issued | Valid: 4/1/2019 | 3/1/2020

Proof: Design method ACI 318-14 / Chem

Stand-off installation: e, = 0 mm (no stand-off); t= 1 mm

Anchor plate: L x 1, x t= 500 mm x 500 mm x 1 mm; (Recommended plate thickness: not calculated

Profile: no profile

Base material: cracked concrete, C35/45, 1. = 5,076 psi; h = 2,000 mm, Temp. short/long: 40/24 *C
Installation: hammer drilled hole, Installation condition: Dry, Installation direction: vertical downward
Reinforcement: tension: condition A, shear: condition A; no supplemental splitting reinforcement present

edge reinforcement: none or < No. 4 bar
Seismic loads (cat. C, D, E, or F) Tension load: yes (17.2.3.4.3 (b))
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www. hilti.it Profis Anchor 2.8.4
Company: Page: 3
Specifier: Project:
Address: Sub-Project | Pos. No.:
Phone | Fax: Date: 10/21/2019
E-Mail:
3.2 Bond Strength
- [ Ana
N, = (Aruau) W edNa W oo Nba ACI 318-14 Eq. (17.4.5.1a)
g Ny 2Ny ACI 318-14 Table 17.3.1.1
Apna  =see ACI 318-14, Section 17.4.5.1, Fig. R 17.4.5.1(b)
Ay = (2 ) ACI 318-14 Eq. (17.4.5.1¢)
tya = 10d; N;,]”E‘a ACI 318-14 Eq. (17 4.5.1d)
1
WoecMa T (1 +e_iq) <10 ACI318-14 Eq. (17.4.5.3)
Cna
Wedna = 0.7 +0.3 (—Cg"“"‘) <10 ACI 318-14 Eq. (17.4.5.4b)
MNa
- Camn CN
WoopMa T MAX(E%:", C—; <10 ACI 318-14 Eq. (17.4.5.5b)
Mia =ha-Tie OMsais ™ ®- 03 hy ACI 318-14 Eq. (17.4.5.2)
Variables
* kounee [N/mm’] ds [mm] hes [mm] Camin [mm] Coverhead " ko [N/mm’]
11.59 25 500 = 1.000 6.23
gcy.n [mm] ez [mm] Cac [mm] Aa N, seis
0 0 812 1.000 0.850 2 \
Calculations 2 5
Cpa [mm] Az [mm?] Anzg [mm’] Y edNa - X VA X 400 X 0.9 = 176.72 kN
308 378,689 378,689 1.000 ‘ 4-
Y ecl Na Y ec2Ma Y cpha Nia [kN] 1 0 1 . 3 0 8
1.000 1.000 1.000 207811 ~ 0 5 7
Results 1 76 72
N, [kN] % bond 4 seismic % nonductile 4 Na [kN] Ny [kN] K /

207811 0.650 0.750 1.000 101.308 100.000
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Commentary on
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CHAPTER 18—EARTHQUAKE-RESISTANT
STRUCTURES
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S
< s 3 y . 1 —_
=7 YHCEPP Y
;; o SUIM, I YoAD 6,108 5L aol oyl 1)
1 K R, (sl Sl abal, -
!3‘ Systems Rd Ro R
3, Ductile coupled walls 4 1.7 6.8
41 Ductile partially coupled walls 3.5 1.7 5.95
3
—i Ductile shear walls 3.5 1.6 5.6
j‘" Moderately ductile-fully coupled shear walls 25 14 3.5
j\ Moderately ductile-partially coupled shear walls 2 14 2.8
9
2 Moderately ductile shear walls 2 1.4 28
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5.2.1.1 Ultimate limit state
For the ultimate limit state, the horizontal design action coefficient, Cy(T)), shall be as given
by Equation 5.2(1):
Cc(1,)s
c,r,) = —F£ 521
ky
For soil classes A, B, C and D
k, = u for 7T, = 0.7 s
= (u-1)T, for Ty < 0.7 s
41
0.7
For soil class E
ku = u forT) > lsoru<1.5
\_ = (u=15)T,+1.5 forTi<lsandpu=>1.5 )
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Table 2.5 - Maximum available structural ductility factor, 4,
to be assumed for the ultimate limit state

i Type of structure Reinforced concrete Prestressed concrete
with bonded non-prestressed
reinforcement
1. Nominally ductile structures 1.25 1.25
’ 2. Structures of limited ductility
(a) Moment resisting frame 3 3
(b) Walls 3 3
(c) Cantilever face loaded walls 2 2
(single storey only)
3. Ductile structures
(a) Moment resisting frame 6 5
(b) Wall
(i) Two or more cantilevered S As for reinforced concrete
Ba
(i) Two or more coupled S 3A+4 6 As for reinforced concrete
10<fh= 25-05A<20 i = B - Yi;
and a a a
1o Tl (iii) Single cantilever 7;'_ As for reinforced concrete
3 M., a

] oo s (N25.3101.1.2006) oils o ae,l 6 slo o5l b asl o0l V.0 oz 5l co po ol

Col 2V O Ladd i ol slre gl )] a5 Tos a5 cil ol s Dglas Lel ol s Bl VLY
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43 Concrete Frame Design Preferences for ACI 318-14

ltem Description

ttem Value
01 | Design Code ACI 31814
02 | Multi-Response Case Design Step-y-Step - Al
03 | Number of Interaction Curves 24
04 | Number of Interaction Points 1
05 | Consider Minimum Eccentricity? Yes
06 | Seismic Design Categony D

p 07 |Design System Omegal

08 | Design System Rho

1

This is called the System COverstrength
Factor. This is a function of Seismic
Force Resisting System. It can assume
different values in two orthogonal
directions. The Omegal value
specified here iz solely used for
design. The program uses the same
value for all directions. See ASCE 7-05
section 12.2.1 and Table 12.2-1 for
details. |

d—

0% | Design System Sds 05
10 |Consider ICC_ESR 2017 Na

11 | Phi ({Tension Controlled) 09
12 | Phi {Compression Controlled Tied) 065
12 | Phi (Compression Controlled Spiral) 075
14 | Phi (Shear and/or Torsion) 0.75
15 | Phi {Shear Seismic) 06
16 | Phi {Joint Shear) 0.85
17 | Pattem Live Load Factor 0.75

18 | Lkilization Factor Limit

Set To Default Values

All tems. Selected ftems

Reset To Previous Values

All tems Selected tems

oK Cancel

Explanation of Color Coding for Values
Blue: Default Value

Black: Mot a Default Value

Red: Value that has changed during
the current session
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Beam-Column Joint

Overlap volume H

common (o beams ‘ - \
and columns ' &
J | Gripping of

| bar inside

‘ Y N—o | [ joint region
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column

Ve-co/

plane where shear

V,is evaluated i G

Ty = fyp,As' #I\ Coa T, = fyp, A
|

! | L=t (A AN, . —(V

e e V T f}’Pr(AS % A$ )girder (\l €

) column

<

g Ve-col
Ta+G
i jd i Vco!
Vor My, Ty Vi C,=T Ty Ci=Ts
( l{ }1 ) e }t i — - 1 h,
Mor | [V G=Ta'| [v,T | Vin é:vﬂ,—l Ve = T My, + My, +(Vy, + Vbz)’g
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(c) Moments and (d) Beam tension- (e) Joint shear (f) Columnand (g) Column and
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Building Code Requirements for
Structural Concrete (ACI 318-14)

Table 18.8.4.1—Nominal joint shear strength ¥,
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n Slab Strip Design - Layer A - Top Reinforcement (Er

ping Flexural) - Additi to 10 @ 250 mm (Top)
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R6.6.3.1.3 Analysis of buildings with two-way slab
systems without beams requires that the model represents

6.6.3.1.3 For factored lateral load analysis of two-way
slab systems without beams, which are designated as part of

the seismic-force-resisting system, 1 for slab members shall
be defined by a model that is in substantial agreement with
results of comprehensive tests and analysis and I of other
frame members shall be in accordance with 6.6.3.1.1 and
6.6.3.1.2.

ACI STRUCTURAL JOURNAL

the transfer of lateral loads between vertical members. The
model should result in prediction of stiffness in substantial
agreement with results of comprehensive tests and analysis.
Several acceptable models have been proposed to accom-
plish this objective (Vanderbilt and Corley 1983; Hwang and
Moehle 2000; Dovich and Wight 2005).

TECHNICAL PAPER

Title no. 97-S39

Models for Laterally Loaded Slab-Column Frames
by Shyh-Jiann Hwang and Jack P. Moehle
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slab geometry, and material properties. Specifically. for a slab
having fz = 4000 psi, f;, = 60 ksi, the slab stiffness reduction
factor is given by

N/

LL j

b= q__m(m

4

in which LLZ is the service live load in unit of 1b/ft? (40 Ib/ft* =
1915 Pa). and B 1s the ratio of the cracked to gross-section stiff-
nesses of the slab-beam in the effective beam width model. Fur-
ther approximation aimed toward simplicity and conservatism
results in the expression

B =47 )

L.u||—n

;3 >

The lower bound value given by Eq. (3) and (4) (that 1s, p = 1/3)
matches that recommended by Vanderbilt and Corley.!
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hook detail
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Figure 9.11 Failure modes of walls under prevailing shear: (a) diagonal tension; (b) diagonal compression;
(c) sliding shear; (d) detail of sliding shear; (e) bending failure combined with sliding. (From
Salonikios, T. 2007. Analytical prediction of the inelastic response of R/C walls with low aspect
ratio. ASCE Journal of Structural Engineering, 133(6), 844—854. With permission of ASCE.)
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| 43 Shear Wall Design Preferences for ACI 313-14 *
tem Description
tem Value ~ Stress ratios that are less than or
equal to this value are considered
01 | Design Code ACI 31814 acceptable.
02 | Multi-Response Case Design Envelopes - Al
03 | Rebar Material Alll
04 | Rebar Shear Material Alll
05 |Design System Rho 1
06 |Design System Sds 05
07 |Importance Factor 1
08 | System Cd 55
09 |Phi (Tension Controlled) 09
10 | Phi ({Compression Controlled) 065
11 | Phi {Shear and/or Torsion) 075
12 | Phi (Shear Seismic) 033 4m——
13 | Pmax Factor 0.3
14 | Number of Curves 24
15 | Number of Paints n
16 | Edge Design PT-Max 0.06
17 | Edge Design PC-Max D.04 Explanation of Color Coding for Values
18 |Section Design IP-Max 0.04 v Blue: Defautt Value
Set To Default Values Reset To Previous Values Black: Mot a Default Valus
Selected lems Al tems Selected lems Red:  Value that has changed during
the current session
OK Cancel
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Hoop Overlap

Supplemental crossties — 2t least min. of
Hoop #1— / (6in. and 2b/3) i Hoop #2 Longitudinal web reinforcement
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Ve Longitudinal web reinforcement
B [' [ ' 1
* 7\ '\ Z | ‘
\ !

.~ Through web

crosstie
/ b| bg 4
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f152be Horizontal web - Through web
reinforcement, A, crosstie
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(a) Perimeter hoop with supplemental 135-degree crossties and 135-degree crossties
supporting distributed web longitudinal reinforcement

Horizontal web —
reinforcement, A,

(b) Overlapping hoops with supplemental 135-degree crossties and 135-degree crossties
sunnorting distrbuted wah lonaitudinal reinforcameant
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(a) Coupled wall
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BS EN 1998-1:2004
EN 1998-1:2004 (E)

coupled wall

structural element composed of two or more single walls, connected n a regular pattern
by adequately ductile beams ("coupling beams™), able to reduce by at least 25% the sum
of the base bending moments of the individual walls if working separately

A23.3-14
Design of concrete structures Job sion (35 sl g0
Ductile coupled shear wall — a shear wall system that complies with Clauses 21.2 and 21.5 and has

ductile shear walls connected by ductile coupling beams where at least 66% of the base overturning
moment resisted by the wall system is carried by axial tension and compression forces resulting from
shear in the coupling heam(s). This seismic-force-resisting system qualifies for a force modification
factor, Ry, of 4.0 in accordance with the National Building Code of Canada.
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Systems Rd Ro R )o) lobls Oy 4l u.u‘ PR WA as )5.|a.il.°.(a
Ductile coupled walls 4 1.7 6.8 ] Qo 4O 44 o o Q.;.‘ (J,olf Ao LgLQ)b.gp
Ductile partially coupled walls 35 1.7 5.95 3 Ny ¥ PGSR Q-.’.‘ 49 Rd 6)-"-‘-“-15-‘"’ o 2
Ductile shear walls 3.5 1.6 5.6 ( NVERRVOON. )lﬁg) ,‘;QS g_i.u.l.: 95 4> 40 6‘).3
Moderately ductile-fully coupled shear walls 25 14 3.5
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Moderately ductile-partially coupled shear walls 2 14 2.

8
Moderately ductile shear walls 2 14 2.8

Full tension
bond length
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Building Code Requirements for
Structural Concrete (ACI 318-19) 18.10.9 Ductile coupled walls
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