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Preface

This report has been prepared by Penelis Consulting Engineers SA at the
request of Nemetschek Scia in order to serve as a verification manual for the
US version of Scia Engineer and ECtools.

The choice has been to verify the software against the well-known and
generally accepted CSI Etabs. For the analysis Etabs 9.70 version has been
used as its use is most wide spread. However for the design of concrete
elements, the CSI Etabs 2013 ACI318/11 option was used, as the Etabs 9.70
version, includes a simplified ACI concrete design.

For the verification a 3 Storey Reinforced concrete building with one
basement has been selected. This building includes many design cases
(columns, T-Beams, I, C, L walls etc) and was deemed as a more appropriate
reference that simple 1d or 2d examples.

Finally a simplified model of a complex actual building, which is seismically
isolated with inverted pendulum isolators, which has been designed by
Penelis Consulting Engineers, is briefly presented and compared with Etabs
v9.70 and Scia Engineer. The building is the New Athens Opera House.

This report has been prepared by Penelis Consulting Engineers SA, and more
specifically by the following engineers:

Professor George Penelis
e Dr. Gregory Penelis

e Dr. Kostantinos Pashalidis
e Dr. Vassilis Papanikolaou
e Dr. Elias Paraskevopoulos

e Sotiria Stefanidou, MSc Eng
It should be notted that this document aims only to verify Scia Engineer
using the respected in the US market CSI Etabs, and by no means does it
contain any criticism on the latter.
The document and reference files (Etabs, S.EN., ECtools) may be be
downloads from:
www.ectools.eu
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Example 1: 3 Storey Building with one Basement

1. Geometry

The building is part of the ECtools example and is mentioned as Example 1.
It is a very simple single storey dual system R/C building that includes shear
walls, cores and Moment Resisting Frames (MRF).

The geometry is shown in the plan drawings shown in the following two
pages while the 3D modelling | shown in the following pictures

Etabs 3D Model S.EN. 3D model

Etabs 3D extruded Model S.EN. 3D Extruded model
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2. Materials

The materials used are:
e Concrete Grade C3000
e Reinforcing Steel S60

Below the material properties as included in S.EN. and Etabs are shown:
& Congierc -— == ACI318(M-08 - el

l—_'_ -y Y -
| ] c3000 I
Il |5 Code independers e EE
Material type: Concrete =l Code independent
Il | Themal expansion m/mK] 0.01e-003 | Mateial type Reinforcement steel
Unit mase [kg/m"3] 248288 Themal expansion [m/mK] 0.01e-003
Time dependency of unit mass tere Ui mese kg™ 849,05
,E:s:::"fugpa] o E modulus MPa] 2.0000e+05
Independent G modulus I Paisson coeff. 015
G moduius [MPa] 104350404 Independent G modulus
Log. decrement fnon-unifom damping o) 015 G modhilus [MPa] 8.6957e+04
Colour ! Log decrement {non-uniform damping only) 015
Speckc et MK Sl Colour ]
Temperature dependency of specfic heat Nene: -
Thermal conductivity [W/mK] 45000001 Specific heat [1/gK] 6.0000e-01
T of thermal None - Themal conductivity [W/mK] 4.5000e+01 I
Orderin code 0 I Bar suface Ribbed -
= ACI 318(M)-08 Orderin code 1
||| specfied compressive srengih e’ [MPz] 20868 | | = aci31amp0s |
Caloulated dependert values B Suectied ied syenghfy [MPa] 11269
Sauare root of spectied compressive strength fe' . £ 55
Speciied compressive strength for designfcd = .. 1758 Calculated dependsnt valuss :’
Modulus of rupture fr [MPa] 283 Strain at reaching maximum strength eps y [1e-4] 207
Sirain ot reaching masdmum strengih eps o [le4] 147 Mezdmum strain eps u [1e-4] 100.0
Maximum compressive strain eps cu [1e-4] 300 Bl Stress and strain diogram
B Stress and sirain diagram Type of diagram Bilinear without an inclined top branch -
Type of diagram Parabol-ectangle dagram - . £
Picture of diagram
Picture of disgram

Material Property Data

— Digplay Color

Matenal Hame Color

— Type of Material — Type of Design

% lzobropic € Orthobropic Dezign IEDncrete vI

—Analyziz Property Data — Dezign Property Data [AC] 318-39)

Mazs per unit Yolume IU— Specified Conc Comp Strength, Fo W
Weight per unit Wolume W Bending Reinf. ield Stresz, fy IW
Madulus of Elazticity IW Shear Reinf. Yield Stress, fus IW
Paisson's Ratio IEI'IE— [T Lightweight Concrete

Coeff of Thermal Expanzion IW Shear Strength Reduc. Factar I—
Shear Modulus Im

EIKl

PENELIS CONSULTING ENGINEERS SA | NEMETSCHEK SCIA m



Scia Engineer & ECtools ACI 318/11 Verification Document

3. Loads

3.1. Gravity loads
The loads applied were for simplicity the following:
Self weight calculated automatically by the software
Additional dead weight : 1.5 kN/m?
Live load: 5 kN/m? Balconies

2 kN/m? inner slabs and roof.

The global force balance for the total of dead weight (self + G), live loads (L)
and the mass combination G+0.3Q is shown in the following table for the
Etabs and S.EN. models. The comparison shows differences less than 2%o.

ETABS Global Reactions S.EN. Global Reactions Diff
GSW 5705.9
DEAD 6865.53 | DEAD 1296.75 2.00%
LIVE 2307.94 | LIVE 2335.24 1.18%
G+0.3Q 7557.912 | G+0.3Q 7703.222 1.92%
3.2. Seismic loads

The following spectra has been derived from ASCE SElI 7-10 using the
following parameters:

S 15¢g
Si 06g
Site Class D
F, 1.00
F, 1.50
Swmis 150 g
Sm1 0.90 g
Sps 1.00g
Sp1 0.60 g
To 0.12 s
Ts 06¢g
T, 8s
mult. 9.81 m/s?

PENELIS CONSULTING ENGINEERS SA | NEMETSCHEK SCIA u
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4. Mass

The mass of the building has been defined for the quasi permanent
combination G+0.30 Q, and is being calculated automatically both by Etabs
and S.EN. The mass is calculated by dividing the loads by g.

The table below includes the comparison which shows a difference less than
0.5%.

ETABS Assembled Masses (no

lamping)

Storey MassX MassY

STORY3 179.315 179.315

PENELIS CONSULTING ENGINEERS SA | NEMETSCHEK SCIA
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STORY2 187.428 187.428
STORY1 187.428 187.428
BASE1 194.791 194.791
BASE 16.826 16.826
Totals 765.789 765.789
S.EN. Assembled Masses (no

lamping)

Story MassX MassY

Totals 767.11 767.11
Difference 0.17% 0.17%

5. Dynamic response (Eigen Vector)

The following figures show the eigen periods as provided by Etabs and S.EN.

Mode Period ux uy uz SumUxX SumUuy Sumuz
» 8 0.340101 13.5151 31.8862 0.0048 13.5151 31.8862 0.0048 374223
z 0.265973 30.0081 26.3199 0.0358 43.5232 58.2062 0.0407 30.9382
3 0.208837 18.7432 3.0913 0.0260 62.2664 61.2974 0.0667 3.6374
4 0.091281 34443 44705 0.1818 65.7107 657680 02485 0.4082
5 0.087025 n.03s 0.0363 0.6388 65.7498 65.8043 0.8872 04721
6 0.083820 01277 0.0582 18.1016 65.8775 65.8605 19.9889 2.3802
T 0.081808 0.0126 0.0033 0.0081 65.8902 65.8638 19.9950 0.1803
8 0.081603 0.0672 0.0011 09175 659573 658649 205124 0.0083
9 0.080963 0.0185 0.0020 02218 65.9768 658669 211343 01321

Eigen frequencies

omega"2 T

N f ‘ omega
[1/s"2] [<]

[Hz] [1/s]
Mass combination : CM1

299 18.77 35237 0.33
2 3.63 2282 52070 0.28
3 4.79 30.08 904.55 0.21
4 10.89 |68.44 4684.19 0.09
5 1138 |71.51 511358 0.09
6 1149 |72.18 521055 0.09
7 1225 |76.94 592008 0.08
8 1236 | 77.67 603208 0.08
9 1239 |77.85 6061.38 0.08

10 1292 |81.18 6590.82 0.08
" 1297 |81.49 663999 0.08
12 1326 |83.30 6938.17 0.08
13 1345 | 84.51 714266 0.07
14 1348 |84.69 717288 0.07
15 1362 |85.56 7321.31 0.07
16 13.80 |86.68 751347 0.07
17 1409 |88.53 783766 0.07
18 1414 | 88.81 788786 0.07
19 1425 |89.56 802027 0.07
20 1432 190.00 809933 0.07

The table below compares the eigen periods as well as the participating mass
ratios.

PENELIS CONSULTING ENGINEERS SA | NEMETSCHEK SCIA



Scia Engineer & ECtools ACI 318/11 Verification Document

ETABS Eigen Frequency S.EN. Eigen Frequency Dif. T

Mode Period UX 9)% Mode Period |Wxi Wyi
1 0.340 0.14 0.32 1 0.335 0.17 0.30] -1.59%
2 0.266 0.30 0.26 2 0.275 0.24 0.31 3.51%
3 0.209 0.19 0.03 3 0.209 0.22 0.01 0.03%
4 0.091 0.03 0.04 4 0.092 0.04 0.04 0.57%
5 0.087 0.00 0.00 5 0.088 0.00 0.00 1.01%
6 0.084 0.00 0.00 6 0.087 0.00 0.00 3.67%
7 0.082 0.00 0.00 7 0.082 0.00 0.00] -0.13%
8 0.082 0.00 0.00 8 0.081 0.00 0.00| -0.86%
9 0.081 0.00 0.00 9 0.081 0.00 0.00] -0.32%

It is clear that for the first 3 important modes the differences of S.EN. to
Etabs are around 3%. Considering the several different modelling approaches
used in the two software (i.e. lamped masses in Etabs Vs distributed masses
in S.EN., T beams as sections in Etabs Vs T beams as Ribs under Shells in

S.EN.) this coincidence is considered a match.

It is noted that for the insignificant modes (less than 4% active mass) the
match is less accurate as one would expect between different software
(hence the gray in the difference column).

The table below shows the eigen deformations for each of the first three
modes of vibration, using Etabs and S.EN. (3D view from top —z)

Mode, T Etabs S.EN.

1, T=0.34/0.335 e i

2, T=0.266/0.275

3, T=0.209/0.209

LE
L
=
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6. Analysis results

6.1. General
The following paragraphs compare internal forces on beams, columns and
walls modeled in Etabs and S.EN. Considering the different modeling and F.E.
approaches of the two software, the match is more than adequate.
As a reference the following elements have been selected:

- D16 beam of storey 3

- K12 column of storey 3

- K5 column at basement

- W1 wall at ground floor
TYPICAL STOREY ROOF SLAB

B
b
T
=
+
i3
+

1
4
1

K12 3

%
09 25/50 D10 25/50 % i1 25/50 [
K10 3535 K11 3535

©
@
N

3
A

g W3 10050125

07 25/50 D8 25/50
K8 suas [0 s

180

S5
s,

D13 25/50

D16 25/50

%/
D21 25/50
25

+

f: % D4 25/50 [ D5 25/50.
3

K4 3535

JLEN
t

45

4

TN
¥

~t

T/ W L i 7
K1 353 K2 3535 K3 ssas

@

1450

+

6.2. Beams

6.2.1.Beams modeling general

As it is known beams are modelled in S.EN. using a combined approach of 1D
elements for the rib of a T-beam section and the slab F.E. for the flange. The
resultant internal forces are a combination of the internal forces of the rib
and the integrated stresses of the slab effective width.
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The weight and stiffners modifiers for the Etabs model are calculated in the

following table:

T25x50x15 Actual Etabs slab % Tee Section
Lf 1 1 @
tf 0‘ 15 O_ 15 % Section Name E
Analysis Property Modification Factors erial
h 0.5 |
b 0 25 Praoperty Modifiers =
. Cros-section [axial] Area 1
A 0.2375 0.15 Shear Area in 2 diestion 1 | ‘
ar e in 3 direction 1
Weight Mod o o | e —
A 0_ 2379 Mament of Inertia about 2 axis ; - ‘
Moment of Inertia about 3 axis
J 4.628E-03| 2.81E-04 Mase —
stiff Mod 0.94 1 e o | |free T
J tot 4.632E-03 Cares

Etabs does not have the save functionality, so beams are modelled as T
sections with a weight modification factor so that the self-weight of flange is
not calculated twice (once from the T beam section and once for the slab
F.E.).

Due to the fact that Etabs uses shell elements duplicated by the T-beam
section, the correct moment and shear forces of the beam may only be
calculated by adding to the beam forces the integrated sheel element
corresponding forces. This is not very critical for the moment, while it is
significant for the shear force.

In the following paragraphs this procedure has indeed been manually applied
for the shear forces of the beams.

6.2.1.Beams Dead load (G)

The following table compares the results of beam internal forces for the dead
load case, which in both software includes the self weight (In S.EN. the Dead
is a combination of G+GSW)

PENELIS CONSULTING ENGINEERS SA | NEMETSCHEK SCIA
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D16 | Etabs/ Dead S.EN./ SW+Dead
S3
JEnd Jt 18 B;lgazctlon [Down +]
c FETIE
2
'.5 " Relative ta Stary Minimum
)]
—
[OO]
@]
Shear Y2
3110
at0.000
| I |
| [T 11
|
|
i
1 —
| | M|
L [
C mE u
3] | | . BN | (NEEER
e
n 31.10+0.5x8+0.5x6 = 38.1 kN
= Moment b3
25318
]
c
Q
£
@]
=

6.2.1.Beams Live load (L)

The following table compares the results of beam internal forces for the
liveload case.
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D16 | Etabs/ Live S.EN./ Live
S3
Deflections
Deflection [Down +)
6.902E-04
at 2.300
C 0 Ahsnlulq " Relative to Beam Minimum ¢ Relative to Beam Ends (7 Relative to Story Minimum
i)
]
(]
(O]
—
O
a)
S
@
O
c
2] 10.46+2.50= 12.96 kN
Heomert Maoment M3
_ s
}7 at 0.000
]
[
(O]
=
(@]
=
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6.3.

Columns

6.3.1.Column modeling in general

Columns are modelled in both software using 1D linear elements, therefore

as the load transfer has been verified from the slabs and beams, the results
are in agreement.

6.3.1.Dead load (G)

The following table compares the results of column internal forces for the
dead load case.

K12 Etabs/ Dead S.EN./ Dead
S3
COLUMM C35 & 35 kN
Stary Level STORY3 6.35 kN
& 35 kN
£.35 kN
& 35kN
8.35 kM
5 35kN
835 kN
o BOTTOM Tar ] £ 35 kN
8 distance |0 value 6.11 £.35 kN
- ) % B3N
n Maove curzor over diagram for values
COLUMM (b1 [ 5‘5‘1 1 ki
Stary Level STORY3 =
& B kMM
4. 70 kM
- - 2,07 kMm,
c - 4.8 KN,
Q BOTTOM TOP o
E —6.73 khm,
S distance |0 value 8.39 * —B.E3kNm
> M ove cursor over diagram for values
COLUMM Cin —40 26 kN
Stom Level STORY3 —411BKN
—42 A5 kM
— 42 95 kM
—43 B4 kN
—44 T4 kM
—45 BIkN
—48.53 kN
BOTTOM Tar
—47.42 kN
T distance |0 value  -46.90 F 48,37 W
% ove cursor over diagram for values oo 4921 kN
<
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K5 Ul | Etabs/ Dead S.EN./ Dead
COLUMM C28 :-_F-: — 3.
Story Level BASE1 Vi é%g EE
PHE—3.26 kN
LI —3.26 kN
P HI—3.26 kN
=326 kN
[ HE— 326 kN
BOTTOM TOP PHE—3.26 kN
§ distance |0 value -3.40 l_i E:JE :%\_%% KN
= Move curzor over diagram for values = o
g e
COLUMN c28 —&. Nm T
Story Level BASE1 —%%% Lf?Nr‘ﬂ .L :
— 4 54 kNmiH |
— 356 kNmiH !
~2.58 kNl
—1.60 kNl |
—0.62 kNrm | |
BOTTOM ToP b} 038 kNm
E distance |0 walue 342 PR L5335 kNm
0] | HE
E Move cursor over diagram for values Lo %ébﬂw
o L HE
= x L
COLUMN c28
Stary Lewel BASE1
BOTTOM Tar
distance |0 vale  -B79.94
Mowe curzor over diagram for values
IS .
X A1
< Lx
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6.3.1.Live load (L)
The following table compares the results of column internal forces for the live
load case.

K12 Etabs/ Live S.EN./ Live
S3
COLUMM C35 4.95 kN
Stary Level STORY3 4.25 kN —
1,25 kN —
4,25 kM
125 kN ——
4,25 kN ——
4 25kN
BOTTOM TOP 4.25 kN ——
E distance |0 walue 436 4.25 kN —
() Mowe cursor over diagram for walues 4 f:‘«* | —
< I_ 4.25 kN
wn
COLUMM C3s 6.97 kNm
Stary Level STORY3 5.70 kNm
4.47 kKNm
315 kNm
1.87 kNm
0.60 kNm
—0.68 kNm
o EOTTOM TOP — 195 khm
% distance |0 value 5.99 — 323 kNm
. —4.50 kMNm
E Move curgor over diagram for values 5 78 KN
o [
2 3
COLUKN C35
Stany Leel STORY3
BOTTOM TOP
distance |0 value  -22.55
Move cursor over diagram for values
2 [
X
< 3
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6.4. Walls

6.5. Walls modeling in general
Walls are modelled in both software using Shell finite elements. The stresses
from these F.E. are integrated to provide the internal forces of the wall.
Etabs has this functionality using the Pier approach while S.EN. has it only for
rectangular walls using the integration strips. All types of walls in S.EN. have
their internal forces integrated from stresses using ECtools design tool.

As has been indicated three types of R/C walls shall be assessed:

e The rectangular W1 which has a length of 1,50m and a thickness of
0.25m

e The L shaped W3 which has a two legs of 1,50m and a thickness of
0.25m

)
1 2 +

e

e The C shaped W2 core which has a two legs of 1,80m and a backbone
of 2.80m with a thickness of 0.25m
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6.5.1.Rectangular wall dead load (G)

Below the three approaches, Etabs/Pier, S.EN./integration strip and
S.EN./ECtools, are verified for the rectangular wall W1 at ground floor. It
should be noted that only for a rectangular wall the comparison between
Etabs and S.EN. is possible directly, as for all other shapes this is only
available in S.EN. through ECtools which as shown here is a direct match to
S.EN.

W1 GF | Etabs/ Dead Automesh S.EN./ Dead S.EN./ECtool
S
waLL PIER T * weary | 7.63 KN
Stom Lewel STORY1 ; ]

E BOTTOM Tar i
8 distance |0 wvalue -8.42 o
3 kM
(7)) Move curgor over diagram for values l — I
o WALL PIER T e -47.85kN
® Stary Level STORY1 =
o :
£
~ TIOOC
) t
c ; SElEEEE
QO — BOTTOM TaF 5 | HERE=:
g g distance |0 walue 4374
s = Move curzor over diagram for values
— PR
(@) WwisLL PIER Ti 26 kNm ¢ 0.70 kN
Stary Level STORY1 \

out

-ulm

.
TR

BOTTOM TOP
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WALL PIER T -356.08KN

Stary Level STORY1

BOTTOM TOP
distance |0 walue  -356.11 r

Move curzor over diagram for values

Axial

ECtools calculation is shown below (as exported by ECtools in Scia
Translation.xls exported in the temporary S.EN. folder after ECtools is
executed)

Pier Forces

Story 1D Combo Nt W2t Vit M2t M3t MNb V2b V3b M2b M3b
.
STORY1L P02 DEAD -329.017 -5.518 0.983 -2.255  -25.177 -356.341 -5.518 0.983 0.696 -41.73

6.5.1.Rectangular wall live load (L)

Below the three approaches, Etabs/Pier, S.EN./integration strip and
S.EN./ECtools, are verified for the rectangular wall W1 at ground floor. It
should be noted that only for a rectangular wall the comparison between
Etabs and S.EN. is possible directly, as for all other shapes this is only
available in S.EN. through ECtools which as shown here is a direct match to
S.EN.

W1 GF | Etabs/ Live S.EN./ Live S.EN./ECtool
S
WALLPER  T1 eSS 3.57kN 0.28 KN
Stomy Level STORY1 ¥ 1

359 KN

‘:'”J_HII T \'\ I ”H

T BOTTOM TOP i
8 distance |0 value -0.67 L —{ N "2 3 Lh
(7)) Maove curzor aver diagram for values
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ECtools calculation is shown below (as exported by ECtools in Scia
Translation.xls exported in the temporary S.EN. folder after ECtools is
executed)

Pier Forces
Story 1D Combo Nt V2t V3t M2t M3t Mb V2b Vb M2b M3b

STORYL P02 L -194.186 -0.279 -0.293 2394 -26.247 -195.938 -0.279 -0.293 1.516 -27.083

The differences observed between S.EN. and Etabs are attributed to the
Etabs automesh option, which when deactivated, as will be shown in the
subsequent cases where the effect is more signifficant, the results for walls
between S.EN. and Etabs&ECtools match.

6.5.2.L shaped wall dead load case (G)

Below the two approaches, Etabs/Pier and S.EN./ECtools, are verified for the
L Shaped wall W3 at ground floor.
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ECtools calculation is shown below (as exported by ECtools in Scia
Translation.xls exported in the temporary S.EN. folder after ECtools is
executed)

Pier Forces

Story D Combo Nt Vat V3t M2t M3t Nb V2b V3b M2b M3b
L |
STORYL PO1 DEAD -413.714 -7.062 -4.945 -18.828 -18.469 -467.701 -7.062 -4.945 -33.664 -39.653

The axial and M33 moment are also calculated by using the integration strips
of each leg of the L wall for the centroid, below.
e -

_3@,‘_ =N .(,—(’:ng ‘__d_,% /] % 'iZ
5 =] | P B T
.5/5 B '_..ii‘ | | - <_ il ,(i—”"_—{r’fl/ §§’r606
=g I I ~ i
Li=ENn SR SSE
M= | s Ssme
T ~~~3- ] Eiimans §§i:
ST =2 i T
DR == b S e
e = SRR B Somil
& FOFETTH E | ] LB L] %E:,.___
. RN Y= | m 7l ]
'9\94?_' H L ﬁ = ;'\315|KN Z_ | | ::‘394 N § ~ 5
2‘% - : %, Vs
/L’O} /r/l/
i Mol1 -13.15
mol2 -3.94
Mo -17.09
N1 -203.95
N2 -263.47
Cx 0.465909
* di(m) 0.340909
Mn -20.2909
C S Mtot -37.3809
t(2e+b)+¢° t(2d +a)+d* Ntot -467.42
2{c+5) 2(d +a)

This calculation, which is indirect shows a match between ECtools and S.EN.,
therefore the difference in the results of S.EN.&ECtools to Etabs are
attributed to the analytical modeling itself.

To further investigate the issue, the ETabs model is manually refined to a
more dense mesh, thus rendering the automesh option useless. Below these
results for the basic internal forces M33, N, V33 are shown:
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W3 GF | Etabs/ Dead Automesh | Etabs/ Dead Refined No | S.EN./EC
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From the above it is clear that the automesh option in Etabs produces
erroneous results in_the case of R/C cores, and should be avoided.

When this parameter is eliminated the differences between Etabs and
S.EN. & ECtools are less than 10%50.

6.5.1.L shaped wall live load case (L)

Below the two approaches, Etabs/Pier and S.EN./ECtools, are verified for the
L Shaped wall W3 at ground floor.
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W3 GF | Etabs/ Live Automesh option S.EN./ECtool
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ECtools calculation is shown below (as exported by ECtools in Scia
Translation.xls exported in the temporary S.EN. folder after ECtools is
executed)

Pier Forces

Story ID Combo Nt Va2t V3t M2t M3t Nb V2b V3b M2b M3b
I
STORY1L PO1 L -215.6594 0.214 -0.185 -3.853 -10.501 -218.579 0.214 -0.185 -4.408 -9.858

The axial and M33 moment are also calculated by using the integration strips
of each leg of the L wall for the centroid, below.

REAEERR 1 |k
-1 L ) Nl .‘C:ZT [ —+— /-}7 = I N qR:‘
s ﬂ;:& )l i R T | ﬁ_),___ R = 4/1/
i8I W R i EEEEE
TR i ST i
il o SR+ e T |
Shn O il i
j i T 0
(Pt ;‘V ,.‘.:‘. :: 7: ,,f—wf’;: :: /:_ :::_4 ”:
L ‘CJ*:_’&I,_:%J;ﬁm 1412 ki \ZOJ
: w1, g
&) A
) Mol1 -4.36
mol2 -1.32
Mo -5.68
N1 -103.46
N2 -114.12
Cx 0.465909
* dl(m) 0.340909
Mn -3.63409
Cx S Mtot -9.31409
t(2e+b)+c” t(2d +a)+d’ Ntot -217.58
2(C+b) Z(d +a)

This calculation, which is indirect, shows a match between ECtools and S.EN.,
therefore the difference in the results of S.EN.&ECtools to Etabs are
attributed to the analytical modeling itself.

As in the case for the Dead loadcase, to further investigate the issue, the
Etabs model is manually refined to a more dense mesh, thus rendering the
automesh option useless. Below these results for the basic internal forces
M33, N, V33 are shown:
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From the above it is clear that the automesh option in Etabs produces
erroneous _results in_the case of R/C cores, and should be avoided.

When this parameter is eliminated, the differences between Etabs

and S.EN. & ECtools are less than 10%6.
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6.5.2.C shaped wall dead load case (G)
Below the two approaches, Etabs/Pier and S.EN./ECtools, are verified for the
C Shaped wall W2 at ground floor.
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ECtools calculation is shown below (as exported by ECtools in Scia
Translation.xls exported in the temporary S.EN. folder after ECtools is
executed)

Pier Forces
Story D Combo Nt V2t V3t M2t M3t Mb V2b V3b M2b M3b

STORYL P03 DEAD -653.885 28.106 17.981 -53.466 -362.939 -775.256 28.106 17.981 0.477 -278.621

The axial and M33 moment are also calculated by using the integration strips
of each leg of the L wall for the centroid, below.

=]
=

To]
e
o
i

o
%Vu\tv T
o
P

e

AN AvAYANA)
=
Fes

S.EN Dead

Mol1 -0.03
mol2 -80.79
molL3 22.1
Mo -58.72
N1 131.05
N2 342.56
N3 308.94
Cy 1.4125
dl 1,3(m) 1.2875
Mn -229.033
Mtot -287.753
Ntot 782.55

This calculation, which is indirect, shows a match between ECtools and S.EN.,
therefore the difference in the results of S.EN.&ECtools to Etabs are
attributed to the analytical modeling itself.

As in the case for the L shaped wall, to further investigate the issue, the
Etabs model is manually refined to a more dense mesh, thus rendering the
automesh option useless. Below these results for the basic internal forces
M33, N, V33 are shown:
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W2 GF | Etabs/ Dead Automesh | Etabs/ Dead Refined No | S.EN./ECtoo
option Automesh Is

wall FIER T2 WALL FIER T2 28.106
Stary Level STORY1 Story Level STORY1

N

N

>

e

] BOTTOM TOF I P

g distance 'Di value 35.71 distance |0 walue 3253

U) Move cursor over diagram for values o e ave i vE s

o witLL FIER T2 wall PIER T2 _278-62

% Stary Level STORY1 Stary Level STORY1

a

c

N\’

]

c

]

E 60\ BOTTOM TOF BOTTOM TOP

o m distarice |0 value  -285.22 distance |0 value  -261.77

2 2 Mawe cursor over diagram for values Maove cursor over diagram for values
wiall FIER T2 WALL PIER T2 _775-25
Stary Level STORY1 Stary Level STORY1

('_5 BOTTOM TOP EOTTOM TOP

'; distance |0 value  -B00.52 distance |0.79 value  -745.62

< tove cursor aver diagram for values Mave curzor over diagram for values

From the above it is clear that the automesh option in Etabs produces
erroneous _results in_the case of R/C cores, and should be avoided.

When this parameter is eliminated. the differences between Etabs
and S.EN. & ECtools are less than 10%b0.
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6.5.1.C shaped wall live load case (L)
Below the two approaches, Etabs/Pier and S.EN./ECtools, are verified for the
C Shaped wall W2 at ground floor.
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ECtools calculation is shown below (as exported by ECtools in Scia
Translation.xls exported in the temporary S.EN. folder after ECtools is
executed)

Pier Forces

Story ID Combo Nt V2t V3t M2t M3t Nb V2b V3b M2b M3b

STORYL P03 L -135.075 4.28 6.717 -28.092 -196.906 -139.598 4,28 6.717 -7.939 -184.066

TTELTRA i [T ATARAN iR
T
]I
ey '
[
S

il
1AL

S.EN Live

Mol1 7.29
mol2 -50.23
mol3 -0.35
Mo -43.29
N1 97.39
N2 57.99
N3 -13.9
Cy 1.4125
dl 1,3(m) 1.2875
Mn -143.286
Mtot -186.576
Ntot 141.48

As in the case for the L shaped wall, to further investigate the issue, the
Etabs model is manually refined to a more dense mesh, thus rendering the
automesh option useless. Below these results for the basic internal forces
M33, N, V33 are shown:
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From the above it is clear that the automesh option in Etabs produces
erroneous results in_the case of R/C cores, and should be avoided.

When this parameter is eliminated. the differences between Etabs
and S.EN. & ECtools are less than 10%o0.

6.6. Comments on the results of the analysis

The following conclusions have been derived for the comparison of the
analysis results for Etabs and S.EN.&ECtools modelling:

e General static force balance is a direct match

e Global assembled masses are a direct match

e Dynamic characteristics (eigenvectors and eigen periods) have a
match up to 3%

e Beams internal forces have significant differences of 20% between
Etabs and S.EN. Despite the fact that the modelling in Etabs tried to
compensate for the T beams modeling clash with the sheel elements of
the slabs, the produced results by Etabs, both in bending and shear
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behavior underestimate the actual forces as part of the Moment and
shear is transferred to the shell elements of the slab that coincide with
the flange of the T beams. This effect is more serious in shear than in
moment behavior, and does not take place in S.EN. where the internal
forces of T beams are calculated as an integration of the 1D rib
internal forces with the effective flange of the slab shell elements. It
has been proven, in the relevant paragraph that the S.EN. approach is
the accurate solution.

Column internal forces are a direct match between the two software
with less than 5% difference.

Wall internal forces, either for rectangular walls or RC cores, although
the modelling is different, produce results with less than 5%
differences. It should be noted that again Etabs, when in automesh
option, produces underestimated values for cores, a fact that has been
demonstrated by comparing an automesh model to a manualy refined
mesh model. S.EN. is not affected by the automatic meshing.
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7. Design results

7.1. Beams Flexure ordinary frame

7.1.1.General results
Below the results for beam D16 at storey 3 are presented using the following
design parameters for ECtools (left) and Etabs (right):

[ 4 ACI Design Options ltem Value
01 | Design Code ACI31E1
Saiemic ack From apsctrsl snslyst F 02 | Multi-Response Case Design Step-by-Step
Seismic Design & ke F 03 | Number of Interaction Curves 24
wh [i-Hewc = e F 04 | Number of Interaction Points 11
= = e 05 | Consider Minimum Eccentricity? Mo
Doesion spectra respanse sccelermton (Eps) o0 :
= S 06 | Seismic Design Category )
b et = 07 | Design System Omega0 25
R L 08 |Design System Rho 13
‘Seisrmec Desgn Categary foc) ] 700 09 | Design System Sds 1
‘Siruckral System Type: T ] 10 | Phi {Tension Controlled) 0.9
B = i 11| Phi (Compression Centrolled Tied) 085
'_‘ E 12 | Phi {Compression Controlled Spiral) 0.75
e ! = 13 | Phi (Shear and/or Torsion) 075
Sversrength Factor () X 14 | Phi {Shear Seismic) 06
= 15 | Phi {Joint Shear) 0.85
16 | Pattem Live Load Factor 075
L | 17 | Ulization Factor Limit 1

For both cases Ductility Class/ Framing type has been set to ordinary:

Beam Left Beam Center Beam Right
Etabs ECtools Etabs ECtools Etabs ECtools
Msd -50.41 -55.65 0 0 -46.29 -53.46
Combo |Dcon26 |1 2 Dcon26 |3
§' As, cal 3 3.33 9.9% 0 0 0 2.75 3.19 13.8%
As, min |3.88 7.86 0 2.58 3.67 7.86
As,req |3.88 7.86 0 2.58 3.67 7.86
Msd 0 0 39.097 |37.87 0 0
g |Combo |Dcon26 |2 Dcon26 |4 Dcon26 |2
£ [ascal o 0 0.0% |[2.27 2.2 -3.2% o 0 0
@  ]As,min |0 3.93 3.02 3.93 0 3.93
As,req |1.53 3.93 3.02 3.93 1.85 3.93

ECtools combinations

Combol : 1.40-D+1.40-GSW+L+0.2-S-0.3-EX+0.9-ECCX-EY+3-ECCY
Combo 2: 0.70-D+0.70-GSW-0.3-EX-0.9-ECCX-EY-3-ECCY

Combo 3: 1.40-D+1.40-GSW+L+0.2-5S-0.3-EX-0.9-ECCX-EY-3-ECCY
Combo 4: 1.40-D+1.40-GSW+L+0.2-S+0.3-EX-0.9-ECCX+EY-3-ECCY
Etabs combinations

Dcon26: 1.4D+L+0.2S+1.3EXY

With EXY: EX+0.3EY or EY+0.3EX
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7.1.2.Calculated reinforcement
The following table shows the Etabs ACI318-11 design output for the beam
D16 (envelope results):

Flexural Reinforcement for Major Axis Moment, M.

End-I End-l Middle Middle End-J End-J
Rebar Area | Rebar | Rebar Area | Rebar | Rebar Area | Rebar
mm? Yo mm? Yo mm? Yo
Top (+2 Axis) [388 | 0.16 0 0 [ 367 | 0.15
Bot (-2 Axis) 153 0.06 303 0.13 185 0.08
Flexural Design Moment, M.:
End-l End-| Middle Middle End-J End-J
Design M, | Station Loc | Design M, | Station Loc | Design M, | Station Loc
kN-m mm kN-m mm kN-m mm
Top (+2 Axis) | [-29.1863 | 175 0 3262.5 -46.2907 4575
Combo DCon26 DCon32 DCon26
Bot (-2 Axis) |19_8T3]" I 1125 39.0976 2625 |23_9638 | 3575
Combo DCon26 DCon26 DCon26
The following table shows the ECtools design output.
Story STORY2 — Beam B178 — Drawing name : D16
Tee section - bw/h/bm/hf : 0.25/0.50/1.00/0.15, Materials C20.7,/5414, Hoops 5414, 1 = 4.75 m
Flexural reinf. Amin Amax Acal Areq Asug
Left bottom 3.93 55.64 0.00 3.93 4#4
Left top 7.86 18.00 3.33 7.86 4#5
Center bottom 3.93 EE.&4 2.20 3.93 4#4
Center top 2.58 18.00 0. 00 2.58 2#5
Right bottom 3.93 EE.&4 0. 00 3.93 4#4
Right top 7.86 18.00 3.19 7.86 4#5
Flexural actions Nsd Msd Combination
Left bottom 0.00 -27.01 0.70-D+0.70.G5W-0.39.EX-1.17 ECCX-1.3-EY-3.9.ECCY
Left top 0.00 -55.65 1.40.D+1.40.GSW+L+0.2+5-0.39 EX+1.17 ECCX-1.3-EY+3.9.ECCY
Center bottom 0.00 37.87 1.40-D+1.40.GSW+L+0.2+5+0.39 EX-1.17 ECCX+1.3-EY-3.9.ECCY
Center top 0.00 13.48 0.70.D+0.70.GSW-0.39.EX-1.17-ECCX-1.3.EY-3.9 ECCY
Right bottom 0. 00 -28.0% 0.70+D+0.70-G5W-0.39-EX-1.17-ECCX-1.3EY-3.39-ECCY
Right top 0. 00 -53.46 1.40D+1. 40 -G5W+L+0.2:5-0.39-EX-1.17-ECCX-1.3EY-3.9-ECCY
shear reinf. Hoops

From the Etabs output the following values seem out of place:

Top Left Moment = -29.18 kNm for DCon26 is not the correct value as is
clear from the Etabs flexural detailed design that has the same Moment, for
the same Combination as -50.41 kNm.

Bottom Left Moment 19.87 kN, does not result from the design
combination DCon26.

To confirm these observations, the results from the flexural design of Beam
left are shown, from Etabs, as following:
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Flexural Reinforcement for Moment, M ;

Required | +Moment | -Moment | Minimum

Rebar Rebar Rebar Rebar

mm? mm? mm? mm?
Top (+2 Axis) 388 0 300 388
Bottom (-2 Axis) 0 0 [ o 0

Design Moments, M

Design Design
+Moment | -Moment

kN-m kN-m
0 -50.41

Bottom Right Moment = 23.96kN, does not result from the design

combination DCon26.
To confirm these observations, the results from the flexural design of Beam

Right are shown, from Etabs, as following:

Flexural Reinforcement for Moment, M

Required | +Moment | -Moment | Minimum
Rebar Rebar Rebar Rebar

mm? mm? mm? mm?
Top (+2 Axis) 367 0 275 367
Bottom (-2 Axis) 0 0 [0 0

Design Moments, M ;

Design Design
+Moment | -Moment
kN-m KN-m

0 -46.2907

Obviously in the comparison table of par 7.1.1, the correct values have been
introduced.

7.1.3.Minimum reinforcement

The minimum calculated reinforcement for the T or rectangular beam as per
ACI 318-11 is:

0.25 /f; i
fﬁ b o | 1-4bydlfy.  |As, min
Y

Rec 3.44 3.93 3.93
T beam 6.87 7.86 7.86

These values have been used by ECtools as minima in the appropriate cases
that the beam behaves as T beam or rectangular beam, respectively. In
these calculations the b, for the T-beams has been determined as the
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minimum of bfange Or 2by, as per ACI318M-11 §10.5.1-10.5.3 (in this case
2by)

Etabs uses the rectangular beam approach in all locations (based probably on
the ACI commentary) or utilizes the (4/3)Acy_as a mimima.

ECtools introduces (4/3)Aca_only as a user option, as it is intended only for
large beams.

For reference the comparison table and ECtools output is repeated here with
the 4/3As option activated:

D16/S03 ord Beam Left Beam Center Beam Right
3/4As Etabs ECtools Etabs ECtools Etabs ECtools

Msd -50.41 -55.65 0 0 -46.29 -53.46
Combo |Dcon26 |1 2 Dcon26 |3

§' As, cal 3 3.33 9.9% 0 0 0 2.75 3.19 13.8%
As, min |3.88 4.44 0 3.93 3.67 7.86
As,req |3.88 4.44 0 0 3.67 7.86
Msd 0 0 39.097 |37.87 0 0

g |Combo |Dcon26 |2 Dcon26 |4 Dcon26 |2

% As, cal 0 0 0.0% 2.27 2.2 -3.2% 0 0 0

@ ]As,min |0 3.93 3.02 3.93 0 3.93
As,req |1.53 0 3.02 2.94 1.85 0

Story STORYZ — Beam B178 — Drawing name : D16

Tee section - bw/h/bm/hf : 0.25,/0.50/1.00/0.15, Materials C20.7/5414, Hoops S414, 1 = 4.75 m

Flexural reinf. Amin Amax Acal Areq Asug
Left bottom 3.93 SE.64 0.00 0.00 284
Left top 7.86 18.00 3.33 4. 44 4#4
Center bottom 3.93 LE.64 2.20 2.94 I#4
Center top 2.58 18.00 0.00 0. 00 2#4
Right bottom .92 LE.&4 0.00 0.00 2#4
rRight top 7.86 18.00 3.19 4.26 484
Flexural actions Nsd Msd Combination
Left bottom 0.00 -27.01 0.70-D+0.70-G5W-0.29-EX-1.17 -ECCX-1.3-EY-2. 9 -ECCY
Left top 0.00 -55.65 1.40.D+1.40.-GSW+L+0.2.5-0.39-EX+1.17-ECCX-1.3.E¥+3.9-ECCY
Center bottom 0.00 37.87 1.40-D+1.40-G5W+L+0.2:5+0.39 - EX-1.17-ECCX+1.3-EY-3.9-ECCY
Center top 0.00 13.48 0.70.-D+0.70-G5W-0.39-EX-1.17 -ECCX-1.3-EY-3. 9 -ECCY
Right bottom 0.00 -28.09 0.70-D+0.70-G5W-0.39-EX-1.17 -ECCX-1.3-EY-3.9-ECCY
Right top 0.00 -52.46 1.40-D+1.40-G5W+L+0.2-5-0,39 - EX-1.17 -ECCX-1.2-EY-3. 9 -ECCY
4#4 284 444
|-——- #3/170(2) —————————- |- #3/170(2) ————|
2#4 3#4 2#4

Coupling beam: maximum bidiagonal reinforcement: 0.00 [cm=]
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7.2. Beams Shear ordinary

7.2.1.General results
Below the results for beam D16 at storey 3 are presented using the following
design parameters for ECtools (left) and Etabs (right):

e B = i Ve
S kaack, e g al e =} 01 | Design Code ACI 31811
Seismic Design & [EPRp—— =3 02 | Multi-Response Case Design Step-by-Step
O arram Sgrore beas sl forces = 03 | Number of Interaction Curves 24
Asen Beam {43 Acel) = 04 | Number of Interaction Points 11
Nl 05 |Consider Minimum Eccentricity? No
Desigr spectra resporse accrleration (Bps) [ 100 I Oversie horirontal srucaral requinenry (250 | =]
p— 06 | Seismic Design Category D
Risk Category [ =l ™ Owverride verscal struchursl iveguanty (35 [ ] 07 | Design System Omegad 25
Importance Factor (1) [ eisk stary slevaton fr S8/ vert. ireguisrty fn) [ 000 08 | Design System Rho 13
Saiemic Dmigrs Categery (R o = Rgrme Mochfie st Corfrnt (69) ] 03 | Design System Sds 1
Swuctral Systee Type = Delccton Ampbcaton Factar I£.2) —— 10 | Phi {Tension Controlled) 03
11 | Phi {Compression Controlled Tied) 0.65
Ductity Clase o - | Feuraiaton el {fm) (X
12 | Phi {Compression Controlled Spiral) 0.75
T Chvereide Reckrelarey Facter (] Liser e vioe of max fyt (4Pa) 2 13 | Phi (Shear and/or Torsion) 075
Cverstrength Facter (055) |_- R e 505 14 | Phi (Shear Seismic) 06
Steek: cefault sveng®h [ =] 15 | Phi {Jeint Shear) 0.85
16 | Pattem Live Load Factor 075
oo 17 | Utilization Factor Limit 1
For both cases Ductility Class/ Framing type has been set to ordinary:

D16/S03 Beam Left Beam Right
ord Etabs| ECtools Etabs| ECtools

Vsd 61.98 88.57 30% 60.94 85.49 29%
Combo| Dcon26/ Combo 1l Dcon29| Combol

Vc

65.87

67.43

2%

65.87 67.43

2%

As/S cal

2.08

1.47

29%

2.08 1.25

40%

Vwd

30.01

81.86

30.01 81.86

As/S min

#3/250(2)
5.68

#3/250(2)
5.68

Combo 1

+3.9-ECCY

Dcon26

r EY+0.3EX

Dcon29

I EY+0.3EX
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The following table shows the Etabs ACI318-11 envelope design output for

7.2.2.Calculated reinforcement

the beam D16 (envelope results):

Shear Reinforcement for Major Shear, V;

End-l Middle End-J
Rebar A, ls Rebar A, ls Rebar A, /s
mm#m mm?/m mm?fm
208.33 208.33 208.33

Design Shear Force for Major Shear, V.:

End-I End-I Middle Middle End-J End-J
Design V. | Station Loc | Design V. | Station Loc | Design V. | Station Loc
kN mm kN mm kN mm
368041 1125 33.725 32625 50.618 4575

DCon2b DCon2t DCon2%

The output of ECtools shear design is shown in the following figure:

Shear reinf. Hoops

Left end #3,/250(2)

right end #3/250(2)

Shear actions vsd veoonc Vind Combination

Left end 65.89 687.43 Bl.86 1.2:D+1.2-G5W+1.6-L+0.5 LR

Right end 64,72 a87.432 Bl.86 1.2.-D+1.2-G5W+1l.6-L+0.5 LR

Shear reinf. Hoops

Left end #3,/250(2)

Right end #3,/250(2)

Shear actions vsd,/ved Veoonc Vivd Combination

Left end 88.57 a87.43 81.86 1.40:D+1.40 -GIW+L+0D.2.-5+0.39-EX+1.17 -ECCX+1.3EY+3.9:
Right end 85.49 a7.43 81.86 1.40:-D+1.40 -GoW+L+0.2-5-0.39-EX-1.17 -ECCX-1.3:EY-3.9:

The Etabs shear force values pointed out in red in the summary table, do not
correspond to the shear design as elaborated within Etabs, and the calculated
shear reinforcement does not result from these values.

The design for combination Dcon 26 for the left of the beam is shown below:
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Design Code Parameters

‘b T m‘ CTied d’ CSpiral ¢ Vns m Ws d’ WVigint
0.9 0.65 0.75 0.75 0.6 0.85
Shear/Torsion Design for V,; and T,
Rbar Rbar Rbar |Design |Design | Design | Design
Ay; A:Ifs AI Vuz Tu Mu3 P'.I
mmi/m | mm#¥m | mm? kN kN-m | kN-m kN
208.33 0 0 61.9861 | 0.0306 | -50.41 0
Design Forces
Design | Design
Vi M 2
kN kN-m
( 61.9861 31.0218
Design Basis
Design | Conc.Area | Area | Tensn.Reinf | Strength | Strength | LtWt.Reduc
Ve A, A, A-st fye fo.o Factor
kN cm? cm? mm? MPa MPa Unitless
61.9861 1163 1250 388 413.69 20.68 1
Shear Rebar Design
Stress | Conc.Capacity | Uppr.Limit | Conc.Capacity | Uppr.Limit | RebarArea Shear Shear Shear
v Vo V max v, DV imax Ayls V. V. oV,
MPa MPa MPa MPa MPa mmZ/im kN kN kN
0.53 0.76 3.78 0.57 2.83 208.33 65.873 30.0699 95.9429

The design for combination Dcon 26 for the right of the beam is shown

below:
Shear/Torsion Design forV,; and T,
Rbar Rbar Rbar |Design | Design | Design | Design
A-.-s A.[ils AI Vu2 Tu MuS Pu
mmim | mm3m | mm? kN kN-m kN-m kN
208.33 0 0 60.9408 | 0.6067 |-16.9885 0
Design Forces
Design | Design
VuZ Muﬂn
kN kN-m
(60.9408 [)-46.2907
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Design Basis

Design | Conc.Area | Area | Tensn.Reinf | Strength | Strength | LtWt.Reduc
Vi A Ay A-st fys foe Factor
kN cm? cm? mm? MPa MPa Unitless
60.9408 1163 1250 367 413.69 20.68 1
Shear Rebar Design
Stress | Conc.Capacity | Uppr.Limit | Conc.Capacity | Uppr.Limit | RebarArea | Shear Shear Shear
v Ve V max Qv DV A,ls v, V. v,
MPa MPa MPa MPa MPa mm?m kN kN kN
0.52 076 378 0.57 2.83 208.33 65873 30.0699 95,9429

In both cases, in the comparison table, the correct Etabs values have been

included.

7.3.

7.3.1.General results

Columns Flexure ordinary frame

Below the results for beam K12 at storey 3 are presented using the following
design parameters for ECtools (left) and Etabs (right):

Seismic Design =

O —
Desgn specs response siceeraton ing) [ Lo
Fugh Categery |
Bmprontarsc Fisctir (1) [ =
Setric Design Categery (Soc) =l
Stuctrsl Systen Type B =l
Ducthty Clase: Jora. =]
I Gvermde Redundancy Factir (2} D
Overstrengm Facter (Md) [ 2%

AL Design Optians

Setmc leads from spectral analvss

Inchde ozenbicses F

Ignore beam axal forces W

I™ Overrde hortzontal strocturs preuisrey (28) [ 2]
I Gverride vertical structural iregularity (3-5) |
Weak story elevaton for Sa/% vert bregdaney tm) [ 000
Arapone Mactcation Coethoent (7] [ 7
Detlechon Ampkficaton Facr (C47) [ 5=
Foundaton fevel i) [ oo
User-defined value of max fyt (MP) 20
Canerete cover (me) /05
Stert srength %~

o ok

For both cases Ductility Class/ Framing type has been set to

tem Value
01 |Design Code ACI 31811
02 | Multi-Response Case Design Step-by-Step
03 | Number of Interaction Curves 24
04 | Number of Interaction Poirts "
05 | Consider Minimum Eccentricity ? Mo
06 | Seismic Design Categony D
07 | Design System Omegal 25
08 | Design System Rho 1.3
09 | Design System Sds 1
10 | Phi (Tension Controlled) 0.9
11 | Phi (Compression Controlled Tied) 0.65
12 | Phi (Compression Cortrolled Spiral) 0.75
13 | Phi (Shear and/or Torsion) 0.75
14 | Phi (Shear Seismic) 06
15 | Phi (Joint Shear) 0.85
16 | Pattem Live Load Factor 075
17 | Ltilization Factor Limit 1

ordinary.
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Bottom Top
S.EN. & [Dif% (max- S.EN. & [Dif% (max-

K12/ S3 |Etabs ECtools |max) Etabs ECtools |max)
N -18.45 -20.86 -13.13 -68.39
M33 16.32 -0.54 -12.71 -33.88
M22 24.86 25.36 -18.76 32.01
Combo |[Dcon32 [COMBO1 Dcon32 |COMBO 2
As,min 12.25 12.25 12.25 12.25
As,max 49 49
As,cal 4.9 3.33 6.31% 3.76 5.23 6.31%
As,req 12.25 12.25 0% 12.25 12.25 0%
COMBO 1(0.70-D+0.70-GSW+1.3(0.3-EX+0.9-ECCX+EY+3-ECCY)
Combo 2 [1.40-D+1.40-GSW+L+0.2-S+1.3(EX-1.96-ECCX+0.3-EY-0.59-ECCY)
Dcon32 |0.7D+1.3EXY ; EXY: EX+0.3EY or EY+0.3EX | |

7.3.2.Calculated reinforcement

The suggested reinforcement in both software is 12.25cm=2, which results
from the minimum allowable reinforcement.

The results plotted by Etabs are shown in the following figure:

Longitudinal Reinforcement Design for P, - M. - M, Interaction

Column End | Rebar Area | Rebar
mm? Yo
Top 1225 1
Bottom 1225 1

Design Axial Force & Biaxial Moment for P, - My - Mz Interaction

Column End | Design P, Design M, Design M,; | Station Loc | Controlling Combo
kN kN-m KN-m mm
kM kMN-m kMN-m mm
Top [ 131301 [ -18.7656 -12.7166 2500 DCon32
Bottom 18.4509 24 8664 16.3255 0 DCon32

The results plotted by ECtools are shown in the following figure:
Story STORY2 — Column Bl61 — Drawing name : K12

Rectangular section - b/h @ 0.35/0.35, Materials C€20.7,/5414, Hoops 5414, 1 =3 m

Flexural reinf. Amin Amax Acal Areq Asug

Top 12.25 49.00 5.23 12.25 g#5

Bottom 12.25 49.00 3.33 12.25 B#5

Flexural actions Nsd Mzsd M3sd Combination

Top -68.39 32.00 -33.88 1.40-D+1.40-G5W+L+0.2+-5+1.3-EX-2.55-ECCX+0.39-EY-0.76-ECCY
Eottom -20.86 25.36 -0.54 0.70:D+0.70-G5W+0.39-EX+1.17-ECCX+1.3-E¥Y+3.9.ECCY
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It should be noted that Etabs inverts the sign of the axial force for design
purposes (+ means compression) as noted in the following graph:

lrl =
Display Options 3D Interaction Suface Curment Interaction Curve
®) Show Design Code Data () Show Fiber Model Data -
@ Include Phi ; 3.00 -
() Exclude Phi Combao: Don32 ! § - '\\ 250 4
() Exclude Phi and Increase Fy :42; 123;223 :z-m ! = “"!é,'eﬁl 2,00 -
M3: 163255 Kil-m w7 A . 150-
Curve Data M o {m‘\}“t‘!; 2 1=
Point P kN M2 kN-m M3 kNm “ ‘A‘:"’;i' & s
13808774 0 0 L T
2 1380 8774 15 4835 101654 y “‘ 0.00 1
3 1380.8774 319815 20.9967 " LT -0.50 -
] 12422002 49,6002 325639 A T TR eSS B e e R
5 954 7358 629156 413058 00 40 80 120 180
& 6095389 684822 449604 [ ()
7 3834476 737822 48.44 [
3 126,029 634904 45.6224 Plan E deg
9 -143.4217 440916 28.9473 =
10 3196971 20.3958 13.3904 Blevation IE‘ deg | Mote: Compression is positive in this form. |
11 -456.0882 0 0
0] [
Curveis t 56.714 deg

From the same graph the utilization factor for the bottom of Dcon32 is 0.401,
therefore the calculated As,cal = 4.9cm2 (12.25x0.401) while for the top is
3.76cm=2 (12.25x0.307).

7.4. Columns Flexure special frame

7.4.1.General results

Below the results for beam K12 at storey 3 are presented using the following
design parameters for ECtools (left) and Etabs (right):

' Kbewees E = Voe
Semmic boads from spectral analvss [~ 01 | Design Code ACI31E-11
Seismic Design & nchude ecceniridics - 02 | Multi-Response Case Design Step-by-Step
S rrprreree = wr [ = 03 | Number of Interaction Curves 24
‘Asemin Bisom (43 dcal) r 04 | Number of Interaction Poirts 1
05 | Consider Mi Eccentricity? N
e seeton G m D e facs m nsider Minimum Eccentricity o
0 | Seismic Design Category D
itk ] Ovamde ety |,- -
=2 i LB el e s rin et 2D 07 | Design System Omegall 25
T taner Facker (1) 10 ‘Weak story elevation for Sa/Sh vert. imegularity {m) I 0.0 08 | Design System Rho 13
Swinsmic Dsign Catmgery (Spc) o - Rrgrorne Misbfie tiors Coeffesnt (R [ = 09 | Design System Sds 1
Stuctursl Sysem Type B =]  Defacton nokcassn Pact i) w 10 | Phi {Tension Controlled) 0.3
11 | Phi {Compression Controlled Tied 0.65
e e R I o :
12 | Phi {Compression Controlled Spiral) 0.75
I~ oven 1%
ENrn T A D o et d - 13 | Phi (Shear and/or Torsion) 075
Dol ks (e B o8 14 | Phi (Shear Seiemic) 06
St euk eron w 2] 15 | Phi (Joint Shear) 0.5
z 16 | Pattem Live Load Factor 0.75
| L I 17 | Utilization Factor Limit 1

For both cases Ductility Class/ Framing type has been set to special.
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Bottom Top
K12/S3 S.EN. & [(max- S.EN. & (max-
Special [Etabs ECtools |max) Etabs ECtools max)
N -18.45 -20.86 -13.13 -14.57
M33 16.32 -0.54 -12.71{"-51.50/C"
M22 24.86 25.36 -18.76 29.54
Combo [Dcon32 |COMBO3 Dcon32 |COMBO 4
As,min 12.25 12.25 12.25 12.25
As,max 73.5 49
As,cal 4.9 3.33] 32.04% 3.76 9.03| 58.36%
As,req 12.25 12.25 0% 12.25 12.25 0%
COMBO 3(0.70-D+0.70-GSW+0.39-EX+1.17-ECCX+1.3-EY+3.9-ECCY
COMBO 4(0.70-D+0.70-GSW+0.39-EX-1.17-ECCX+1.3-EY-3.9-ECCY
Dcon32 0.7D+1.3EXY ; EXY: EX+0.3EY or EY+0.3EX |

7.4.2.Calculated reinforcement and joint capacity rule
The suggested reinforcement, in both software, is 12.25cm2, which results
from the minimum allowable reinforcement.
The results plotted by Etabs are shown in the following figure:

Longitudinal Reinforcement Design for P, - My - My Interaction

Column End | Rebar Area | Rebar
mm? %
Top 1225 1
Bottom 1225 1

Design Axial Force & Biaxial Moment for P, - M - M;; Interaction

Column End | Design P, Design M ; Design M,: | Station Loc | Controlling Combo
kN kN-m kN-m mm
kM kMN-m kMN-m mim
Top 13.1301 -18.7656 -12.7166 2500 DCon32
Bottom 18.4509 24 8664 16.3255 0 bDCon32

The results plotted by ECtools are shown in the following figure:

Story STORY2 — Column Bl6l — Drawing name : K12

Rectangular section - b/h @ 0.35/0.35, Materials C20.7/5414, Hoops 5414, 1 =3 m

Flexural reinf. Amin Amax acal Areq AsUg

Top 12.25 73.50 9.03 12.25 B#5

BotTTOom 12.25 73.50 3.33 12.25 B#5

Flexural actions Nsd Mzsd M3sd Combination

Top —-14.57 29.54 -14.68 0.70:-D+0.70-G5W+0.39-EX-1.17-ECCX+1.3-EY-32.9-ECCY
EottTom -20.86 25.36 -0.5%4 0.70.D+0.70-G5W+0.39-EX+1.17 -ECCX+1.3-EY+3.9-ECCY

It should be noted that ECtools uses a “capacity” moment for the design of
the Column resulting from the Moment Capacity of the adjacent beams. In
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that sense the Top M33 moment is 51.50kNm while the analysis is -14.68
kNm and it significantly differs from the moement used by Etabs which is the
analysis one.

The above is based on the Etabs design methodology, which to fulfill the joint
capacity rule, performs a check of the moment capacity of the beams and the
columns, after “elastic design” has been finalized, as is shown in the
following output:

Beam Capacities and Angles (Overstrength factor = 1.25, ®.pecty = 1.0)
Capacity | Capacity | Cos(Angle) | Sin(Angle)
+veM -veM Ratio Ratio
kN-m kN-m
Beam 1 19.1498 38.0215 -1 0
Beam 2 | 43.5494 496219 0 -1

Column Moment Capacities About the Axes of the Column Below (Over=1, ®=1)

AxialForce | Capacity Capacity | AxialForce | Capacity Capacity
{(Major)Pu | +veMmajor | -veMmajor | (Minor)Pu | +veMminor | -veMminor
kN kN-m kN-m kN kN-m kN-m
Column Below -13.1301 757749 7657749 -13.1301 757749 T5 7749

Sum of Beam and Column Capacities About the Axes of the Column Below

SumBeamCap | SumColCap | SumBeamCap | SumBeamCap
Major Major Minor Minor
kN-m kN-m kN-m kN-m
Clockwise 305439 757749 39.898 757749
CounterClockwise 16,3276 157749 34.8766 75,7749
Beam-Column Flexural Capacity Ratios
(6/5)B/C | (6/5)B/C | Col/Beam | Col/Beam
Major Major Minor Minor
Clockwise 0.243 0.552 4.944 2173
CounterClockwise 0.484 0.632 2.481 1.899

The value of the moment capacity 75.77 kNm of the column, used for the

joint capacity rule application, corresponds to As,req=12.25cm?=2.

It is worth

pointing out that also for ECtools, results the moment capacity value of this
column is exactly the same as shown below:
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After 4 iterations
Initial reinforcement

H:-14.57 KN
Wl s 73T kNm
Ky : 0.00 khm

Mi:-3.45 kNm
Il : T5.26 kM
Myi - 0.00 kNm

s 0000 m
dy:-0.001m
df ;0000 deg

dN:E52 kN
iz : 0.07 kNm
by : 0.00 kNm

1P 0043 m
yp: 0TS m
ap: 30,00 deg

Safety factor SF : 1.030
Capacity factor L 0.371

o 0ATE m
yo:0ATEm
ATt m
0TS m
an ;000 deg

Core area: 01225 m2

Cors reinforcemant area : 12,24 cm2 (0,999 %)
dacket area: Om2

Jackat reinforcement area : 0.00 em2

[-20.70

1 . 4 | o0
H 3
1.[-20_.51] 10 (#14.00) 19 (00 16 [(#14.00) 11 (#14.00) 16 [414.00) 5
2 [-20p5) E 15 [414.00)
3 -20R5 : 14 [414.00)
e s1e rig
4.[-20_.511 1:’[414.00]
5 [-20R5) 121 [414.00)
6 [-20p.51 HE i RN} & (41400) | 3 [414.00) 0 [414.00] 1 [#14.00)
3 (0.00)

2 [-20.70]

Therefore the joint capacity rule has been applied in both software, via a
different path, resulting in the same values.

7.5.

7.5.1.General results
Below the results for column K12 at storey 3 are presented using the
following design parameters for ECtools (left) and Etabs (right):

Columns Shear ordinary

Seismic Design

wits [0 - Mewic

Design spectra response acoeleration (3ps)
sk Category

B tarce Fisctor (T}

Sesmic Design Category (5pc)

Structursl System Type

Ductiey Class.

I Crvermde Redundancy Facor (o)

Crvenstrength Factor (£}

AL Desagn Oplions

=

Sewm lvads from spech sl anahea
Inchude rcrentreites
Igrere besm axial forces

Auarrin Bicarn (473 Acal)

I Ovemde homontsl structursl imeguisnty (2-5)
I™ Gvemde verteal struchural rmeguianty (3-5)
Weak story elrvation for Sa/Sh vert. rregulanty (m)
Response Modficaton Coeffioent BT

Deflection Amplfication Factor (G0

Foundation kevel (m)

Ustr-defined vake of max Fyt (W)

frem)

Steel: defat srength

oo |

T 1T 9 1

[}

an

35,08

js0 =]

ftem
Design Code
Multi-Response Case Design
Number of Interaction Curves
Number of Interaction Points
Consider Minimum Eccentricity?
Seismic Design Category
Design System Omegal
Design System Rho
Design System Sds
Phi (Tension Controlled)
Phi {Compression Cortrolled Tied)
Phi {Compression Cortrolled Spiral)
Phi {Shear and/or Torsion)
Phi {Shear Seismic)
Phi {Joint Shear)
Pattem Live Load Factor
Utilization Factor Limit

Value
ACI3TE1
Step-by-Step
24
11
No
o]

25
13
1
0.9
0.65
0.75
0.75
06
0.85
075

For both cases Ductility Class/ Framing type has been set to ordinary.
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Bottom Top

K12/ S3 S.EN. & |Dif% (max{ S.EN. & [Dif% (max-
Ordinary |Etabs ECtools |max) Etabs ECtools |max)
Vmax 20.4 20.95 3% 20.4 20.95 3%
Combo [Dcon26 COMBO 5 Dcon26 COMBO 5
Vc 64.12 66.3 3% 64.12 66.78 1%

#3/170(2) #3/170(2)

As/smin |N/A 8.35 N/A 8.35
As/s cal 0 0 0.00% 0 0 0.00%
Vwd N/A 81.55 N/A 81.55
As/s req 0[#3/170(2) 0[#3/170(2)
COMBO 5(1.40-D+1.40-GSW+L+0.2-5+0.39-EX-1.17-ECCX+1.3-EY-3.9-ECCY
Dcon26 |1.40D+L+0.2-S+1.3-EXY ; EXY: EX+0.3EY or EY+0.3EX |

7.5.2.Shear reinforcement

The analytical calculation as is plotted from Etabs for the Top & Bottom of
column.

Bottom of column detailed calculation is shown below:

Shear Design for V., V.

Rebar A,/s | DesignV. | DesignP, | Design M, V. oV, oV,

mm#m kKN kN kN-m kN kN kN
Major Shear{V2) 0 20.3966 106.3989 7.8614 64.1203 0 64.1203
Minor Shear{\V/3) 0 20,2208 106.3989 -28.9409 64.1203 0 654.1203

Design Forces

Factored V, Factored P, Factored M,

kN kN kN-m
Major Shear(V2) 20,3966 75,3893 28 3898
Minor Shear(V3) [ 20.2208 753893 21.3781

Design Forces

Factored V., Factored P, Factored M,

kN kN kN-m
Major Shear(V2) 20.3966 753893 28.3898
Mineor Shear(V3) 20.2208 75.3893 21.3781
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Top of column detailed calculation is shown below:

Shear Design for V. V.

Rebar A, ls Design V, Design P, Design M, oV, oV, ooV,
mm?/'m kN kN KN-m kN kN kN
Major Shear(V2) 0 20.3966 95 7673 -7.0641 637403 0 63.7403
Minor Shear(V3) 0 20,2208 95,7573 216113 63.7403 0 63.7403

Design Forces

Factored V.,

Factored P,

Factored M,

kN kN kN-m
Major Shear(V2) 20,3966 64.7478 -22.6019
Minor Shear(V3) 20,2208 64,7478 -16.1523

Design Forces

Factored V.

Factored P,

Factored M,

kN kN kN-m
Major Shear(V2) 20.3966 64.7478 -22.6019
Minor Shear(V3) 20,2208 647478 -16.1523

The analytical calculation as is plotted from ECTools for the Top & Bottom of
column, is shown below:

Shear friction check: pass

Shear reinf. Hoaops

Top #3/170(2)

Eottom #3,/170(2)

shear actions vsd veane Wind Combination

Top 20.95 66.78 81.55 1.40-D+1.40-G5W+L+0.2+5+0.39-EX-1.17-ECCX+1.3+-EY-3.93:
Bottom 20.95 &7.320 81.55 1.40.-D+1.40-G5W+L+0.2:5+0.29-EX-1.17-ECC¥+1.3+EY-2.9:

In _both software the capacity of the concrete is more than the required
reinforcement. ECtools provides also the minimum required shear
reinforcement, while Etabs does not (includes it in detailing options)
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7.6.

7.6.1.General results

Below the results for beam K12 at storey 3 are presented using the following

Columns Shear Special

F AC Design Options

S lowss Som pece analyas =

Seismic Design = N

Inchude eccentribes v

O rrpeore = Inore bean ssl forces =

At Beam (473 Acal) w
Desin ecra remonse sccdleraton (5gs) | 100 [ Ovenrde horiontal stucral regerity 281 [ 2]
Hk Category fn I Override vertical struchural sregulanity (3-5) =)
Impertance Eactor () [ 1w Wk story elevaton for 58/% vert irepderty () [ 0.0
Seiamic Detign Category (Spc) T Resporne Meckhonton CoeMerd 13 )
Stroctural System Type T Defecton AmpiScaton Fsctar (CF7) ~ 5s0
3333 e ors. | Foundation leved () oo
I Override Redundancy Factr (s} | 6 Liser-defined vk of mas fyt (M4 ]
Dversirength Factor (£8) I 2= Conerete cover {roem] TR
Stenis et strength [0 =]

o ok

design parameters for ECtools (left) and Etabs (right):
! [«

ttem

01 | Design Code

02 | Mutti-Response Case Design

03 | Number of Interaction Curves

04 | Number of Interaction Paints

05 | Consider Minimum Eccentricity?
0B | Seismic Design Category

07 | Design System Omegal

08 | Design System Rho

09 | Design System Sds

10 | Phi (Tension Controlled)

11 | Phi (Compression Controlled Tied)
12 | Phi ({Compression Controlled Spiral)
13 | Phi (Shear and/or Torsion)

14 | Phi (Shear Seismic)

15 | Phi (Joint Shear)

16 | Pattem Live Load Factor

17 | Utilization Factor Limit

Value
ACI31EN
Step-y-Step
24
1
No
o
25
13
1
09
0.65
0.75
0.75
06
0.85
0.75
1

For both cases Ductility Class/ Framing type has been set to special.

Bottom Top
Dif% Dif%
K12/S3 S.EN.& [(max- S.EN. & (max-
Special [Etabs ECtools [max) Etabs ECtools max)
Vmax 33 38.14| 13.48% 33 38.14| 13.48%
Combo [Dcon32 |(COMBOS5 Dcon32 |COMBO 5
Vc 0 0 Olp
#4/80(2) #4/80(2)
As/smin |N/A (32.25) N/A (32.25)
As/s cal 3.5 4,96 29.50% 3.5 4,96 29.50%
Vwd 36.4 247.76 36.4 247.76
#4/80(2) #4/80(2)
As/sreq 3.5|(32.25) 3.5/(32.25)
COMBO 5(1.40-D+1.40-GSW+L+0.2-5+0.39-EX-1.17-ECCX+1.3-EY-3.9-ECCY
Dcon26 (1.40D+L+0.2-S+1.3-EXY ; EXY: EX+0.3EY or EY+0.3EX |
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7.6.2.Shear Capacity design

The analytical calculation as is plotted from Etabs for the Bottom of column,
is shown below:

Capacity Shear (Part 1 of 2)

ShearV, Long.Rebar Az Long.Rebar Aty Cap.Moment M sz
kN o % kN-m
Major Shear(V2) 25 3477 1 1 97.757
Minor Shear(V3) 33.0813 1 1 97.757

Capacity Shear (Part 2 of 2)

Cap.Moment Mogrop Cap.Moment M6 Cap.Moment M ..1qp
kN-m kN-m kN-m
97.757 97.757 97.757
97.757 97.757 97.757

Design Basis

Shr Reduc Factor | Strength f,. Strength f.. | Area A,
Unitless MPa MPa cm?

1 413.69 20.68 1225

Concrete Shear Capacity

DesignV, | Conc.Area A, Tensn.Rein Ay
kN cm? mm?
Major Shear(V2) 253477 1065 613
Minor Shear(V3) 33.0813 1065 613

Shear Rebar Design

Stress v | Conc.Cpecty v, Uppr.Limit v .. v, DV max RebarArea A, /s
MPa MPa MPa MPa MPa mm?#/m
Major Shear(V2) 0.24 0.78 3.02 0.58 0 291.67
Minor Shear(\V3) 0.31 0.78 3.02 0.58 2.27 350.41

The analytical calculation as is plotted from ECTools for the Top & Bottom of
column, is shown below:

Shear friction check: pass

Shear reinf. Hoops

Top #4,/80(2)

EOttom #4,/80(2)

shear actions vsd veaonc Vind Combination

Top 35.14 0.00 247.76 1.40-D+1.40-GSW+L+0.2.-5+0.39.EX-1.17 -ECCX+1.3-EY-3.9
Bottom 35.14 0.00 247.76 1.40-D+1.40-GSW+L+0.2.5+0.39.EX-1.17 -ECCX+1.3-EY-3.9

The shear forces used in Etabs (pointed out in red) are calculated as the
minimun of the Capacity Shear (V°) due to the end moment capacity and the
capacity of the beams (V), as following:
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(a) V¢ Capacity shear due to moments

Ve =max {V;, V5

&

(ACI21.6.5.1, R21.6.5.1, Fig. R21.5.4)

where,
M+ M7 _
Vi = ? (ACI21.6.5.1, Fig. R21.5.4)
" _
V5 = M, -:M'-f, (ACI21.6.5.1, Fig. R21.5.4)

Which applied in this case results in a capacity shear of:
V= 2x97.75/3 = 65.1 KN instead of V°= 33 kN.

(b) Capacity Shear due to capacity of framing beams, i.e.

M
b s |
E
- M,;
2 - v
- "
M, = Sum of beam moment resistances with clockwise joint rotations,

M, = Sum of beam moment resistances with counter-clockwise joint rota-

tions, and

H =

Distance between the inflection points, which is equal to the mean
height of the columns above and below the joint. If there is no column
at the top of the joint, the distance is taken as one-half of the height of
the column at the bottom of the joint.

Which applied in this case results in a capacity shear of:
VP=33 kN

The resulting shear reinforcement 350 mm?/m for Etabs corresponds to a
shear force capacity of the rebars Vwd:

i:M_ (ACI11.4.7.1,11.4.7.2)
‘S ¢) f\Sd

Vwd=350x10"°x0.75x414x103x0.335 = 36.4 kN, which corresponds to the
shear force used ignoring the concrete contribution to the shear capacity.

Shear Design for V., V.

Rebar A, /s DesignV, | Design P, | Design M, V. oV, oV,
mm?/m kN kN kN-m kN kN kN
Major Shear(\'2) 291.67 253477 49 4604 -4 2453 i] 27 5354 27 5354
Minar Shear(V3) 35041 33.0813 49,4604 2556172 ] 33.0813 33.0813
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Ignoring the concrete contribution to the shear capacity is a correct approach
for Special MRF.

ECtools uses as capacity shear 38.14kN, which is calculated using the
following equations, which essentially use the same approach as explained
previously for Etabs:

M, + M, )
I, = 1.25 —— = (see figure above)
@V, = min by

V, with E = ”0/p ‘E, e.g.V,=12D+0,E+ (1.0L or 0.5L) + 0.2S

The concrete contribution ®Vc= 54kN is set to 0, and the calculated shear
reinforcement is for 38kN, As/s = 496 mm=2/m.

The minimum shear reinforcement 3225mm=2/m corresponds to Vwd= 247.76
kN which is much more than the required by the calculation.

From the overview of this case, it is deemed that the capacity shear in Etabs,
as calculated by the beam capacity shears, is underestimated as Etabs has
underestimated the design shear forces for beams as has been proven in the
analysis (ignoring the shear of the shell elements).

PENELIS CONSULTING ENGINEERS SA | NEMETSCHEK SCIA



Scia Engineer & ECtools ACI 318/11 Verification Document

7.7. Rectangular Wall Design ordinary ductility class

The design output from S.EN & ECtools for the rectangular wall W1 at story 1
(above basement) is shown in the following screen capture:

Story STORY1 — wall P02 — Drawing name : Wil
Section I (P0O2) - Materials C20.7/5414, Hoops S414

Base story @ STORY1 - Total Height : 9.00 m

Eottom elev. @ 0.00 m - Top elev., : .00 m

Flexural reinf. | col Amin AmMAX Acal Areq AsuUg

Top 1 11.13 44,50 0.73 11.13 B#5

BotTTom 1 11.13 44,50 11.00 11.13 B#5

Top 2 11.13 44.50 0.73 11.13 G#5

BEottom 2 11.13 44.50 11.00 11.13 G#5

Flexural actions MNsd Mzsd M3sd Combination

Top -223.02 -33.68 -30.98 0.70-D+0.70-G5W+0.39-EX+1.17-ECCX-1.3-E¥Y+3. 9 -ECCY
Bottom -175.39 34.91 711.03 0.70-D+0.70-G5W+1.3-EX+2.55-ECCX-0.39-EY+0.7&-ECCY
Shear reinf. Col Hoops

Top/Bottom 1 #3,/250

Top/Bottom z #3,/250

Adeguate confined length in web A (required : 0.00 < 0.00)

shear friction check passed for web A.

shear actions vsd Combination

vsd in dir. 2 Fes O 1.4.0+1.4.GSW

vsd in dir. 3 1.36 1.4.D+1.4 -GSW

web vsd veoonc wiwd vRd,max Horizontal vertical

A 7.88  174.03 400,16  1132.88  2# 36220 2# 3@220

Shear actions | Combination

vsd in gir. 2 258.28 1.40D+1.40GSW+L+0.2.5-1.3+EX-2.55 -ECCX+D. 39 EY-0. 76+ ECCY
vsd in dir. 3 28.62 0.70-D+0.70-GSW+0.39 EX+1.17 -ECCX-1.3:EY+3.9 ECCY

web vsd Veanc Wwd VRd,max Horizontal vertical

A 258,28 174.03  400.16  288.68  2# 38220  2# 3@150

The design output from Etabs for the rectangular wall W1 at story 1 (above
basement) is shown in the following screen capture:
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Pier Leg Location, Length and Thickness

Station I Left X, | LeftY, | RightX; | RightY: |Length | Thickness
Location mm mm mm mm mm mm
Tog Lag 1 i] ] 1500 i 1500 250
Bottom Leg 1 0 ] 1500 0 1500 250

Flexural Design for P, M. and M.

Station Required Required Current | Flexural P. M . M Pier &,
Location | Rebar Area (mm?) | Reinf Ratio | Reinf Ratio | Combo kM kM-m kM-m mm?
Top 238 0.0026 0.0029 DWal32 (2025763 |-15.5832 | -BA.GADG [ 375000
Botiom 2440 0.0065 0.0029 DWal32 154 B526 | -35.3406 | -815,2632 [ 375000
Shear Design
Station o] Rebar | Shear Combo Py M W L oV,
Location i kN kM-m kN kN kM
Top Leg 1 625 Didalzg 354.5316| 38,7600 1847018 1699211 | 4026192
Bl Leg 1 625 DWalg 3035676 |527.1699 | 1856632 12865595 315.0584
Boundary Element Check
Station D Edge Gaverning | P. M. Stress Comp | Stress Limit | C Depth | C Limit
Location Length (mm) | Combo kM kMN-m MPa MFPa mm mim
Top-Left Leg 1 [} CiWal2E  |713.1184 | -133.1026 332 4.14 2724 3571
Tap=Right Leg 1 o Dwal26  |[7T131184| B8.5315 2 414 ] a57.1
Baottom—Left Leg 1 4] CiWaldE |75 2653 | -6T0.43748 .18 d.14 2831 3571
Bolttorm-Right | Lag 1 0 CWal26  |752.2653 ) B01.3587 735 414 2831 357.1

ECtools calculates for the bottom of the wall (base of wall) flexural
reinforcement of As, req= 11.13+11.13 = 22.26 cm? while Etabs calculates
As,req= 24.49cm?, i.e. a difference of 5%

ECtools calculates for the bottom of the wall (base of wall) shear
reinforcement 2x3#/280 As/s=5.07 cm?/m while Etabs calculates As/s =
6.25 cm?/m, i.e. 18% difference.

PENELIS CONSULTING ENGINEERS SA | NEMETSCHEK SCIA



Scia Engineer & ECtools ACI 318/11 Verification Document

7.8. L shaped Wall Design ordinary ductility class
The design output from S.EN & ECtools for the L shaped wall W3 at story 1
(above basement) is shown in the following screen captures:

Alter S Reratons e
nitalreinfaroement | __o_oooooooeeemeeososeog R il -
sz a0 | e coneeeen eens) Sty A
wpssewn
WA T ° - . . -
M4 57230 Wi Pirse Sgpae Puoss) 505 Sizpsron
My 516,74 bhim 3 (@00 )
Bl I B
Srinconn
008 g . . -
1e80.00 18 (040.00)
a5 :
a0 2T .
g 6 7 b
fedo)
10431 .
v 1es0m .
featron o
Safety Factar SF : 0,954 e
Capacity Factor L : 1048 R
A'(asn nn]a.(a 0.00)
xo10413m
P
aiotanm
nitdezn
D deg
Corcrea 05 me
Core reinfarcement ares : 5058 <ma (0,843 %) ", |.
iy
dnchet reinfarcement sres : .00 em2 7 o) 2 (000
’ -
Story STORY1 — wall POl — Drawing name : W3
section L (PO1) - Materials C20.7/5414, Hoops S414
Base story @ STORY1 - Total Height : 9.00 m
Bottom elev. : 0.00 m - Top elev. : 3.00m
Flexural reinf. Amin AMax Acal Areq AsUg
Top 11.13 44.50 2.31 11.13 6#6
BotTtom 11.13 44.50 13.78 13.78 6#6
Top 16.00 64.00 3.32 16.00 6#7
EOQTtTOm 16.00 &64.00 19,82 19,82 G#T
Top 11.13 44,50 2.31 11.13 &#8
Bottom 11.13 44.50 13.78 13.78 6#6
Flexural actions Mzsd M3sd Combination
TOop -249. 85 -224.50 D+0. 70 G5W+0. 39 EX+1. 17 +ECCX-1. 3 EY+3. 9 ECCY
Eottom -458.20 10595.29 489,66 ‘D+0. 70 GEW-0.39 - EX-1.17 -ECCX+1.3-EY-3. 9. ECCY
shear reinf. col Hoops
Top/Bottom 1 #3,/250
Top/Eottom z #3,/250
Top/Bottom 3 #3,/250
Adequate confined length in web A (required @ 0.00 < 0.00)
Adequate confined length in web B (required : 0.00 < 0.00)
shear friction check passed for web A.
Shear friction check passed for web B.
Shear actiaons vsd Combination
vsd in dir. 2 10.33 1.4-D+1. 4-G5W
vsd in dir. 3 7.02 1.4:D+1. 4-G5W
web vsd Veonc Wiwd vRd,max Horizontal vertical
A 10.33 188.53 433.51 1227.29 2# 3@220 2# 3@220
B 7.02 188.53 433.51 1227.29 2# 3@220 2# 3@220
Shear actions Combination
vsd in dir. 2 1.40:-D+1.40-G5W+L+0.2+5-0.39EX+1.17 . ECCX-1.3-EY+3.9.ECCY
vsd in dir. 3 1.40-D+1.40-G5W+L+0.2+-5+0.39-EX+1.17 -ECCX-1.3-EY+3.9-ECCY
web vsd voonc Wwd vRd,max Horizontal vertical
A 188.53 433.51 341.64 2# 3@220 2# 3@220 | |
B 188.53 433.51 341.64 2# 3@220 2# 3@220 —
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The design output from Etabs for the L shaped wall W3 at story 1 (above
basement) is shown in the following screen capture:

Pier Leg Location, Length and Thickness

Station 1] Left X, | LeftY, | RightX; | RightY; |Length | Thickness
Location mm mm mm mm mm mm
Toap Lag 1 o 11800 4] 13300 1500 250
Top Leg 2 o 13300 1500 13300 1500 250
Botiom Lag 1 [V 11800 [i} 13300 1500 250
Batlom Lag 2 o 13300 1500 13300 1500 250
Flexural Design for P, M. and M .,
Station Required Required Current Flexural F. M .z M. Pier A
Location | Rebar Area (mm?®) | Reinf Ratio | Reinf Ratio | Combo kN kMN-m kN-m mm?
Tap 2116 0.0028 0.0109 DWal32 [147.0345| 3421035 |-293.2779 | 750000
Bottom Ta0S 0.0104 0.0109 DWald2 [186.0155 | 1090.5422 | -701.9108 FEO000
Shear Design
Station ID Rebar | Shear Combo P, M., v, DY, oV,
Location mm#m kM kN-m kN kN kN
Top Leg 1 625 DWalZe 93,686 | T5.B405 (259.8191| 2944227 S27.1208
Top Leg 2 625 DWalZe -66. 7463 | 10.087TF (1730587 | 270.3579 5030559
Bottom I Leag 1 B25 DWal26 -233.106 [513.3087 |267. 7524 | 151.5176 384 2157
Bollom | Leg 2 B25 DWal2g -545.92 (188 2162 144 9007 | 1821856 | 384 8637

ECtools calculates for the bottom of the wall (base of wall) flexural
reinforcement of As, req= 13.78+19.82+13.78= 47.38 cm? while Etabs
calculates As,req= 78.7cm?®. If the N-M2-M3 of Etabs are used as input for

ECtools, the resulting reinforcement is A=67.50cm?2, i.e. 14% difference.

ECtools calculates for the bottom of the wall (base of wall) shear
reinforcement per leg 2x3#/280 As/s=5.07 cm?/m while Etabs calculates
As/s = 6.25 cm?/m, i.e. 18% difference per leg.
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7.1. C shaped Wall Design ordinary ductility class
The design output from S.EN & ECtools for the C shaped wall W2 at story 1
(above basement) is shown in the following screen captures:

Caemetons
e - T = e
iy 364 W
M 153166 khim . 3 [EI_EIEI]_ __________________________________________________________________ 4 | (0000 2
ax:0000m . s . e
17 [360.0006 (3F0.00)
o002t
ansann
108 Wi
iy 13 Wi
e :
s FERREE RPN e e
Safety Factor 9F £ 0539 e B e S e
CapashufsoterL: 1113 T smeeeees L
P PR
4" tas0.00" (ap0.00) 15 (360008 (3p0.00)
<o1388
JaiiZiTm
13
it
i 283ug
Gorewes 125 m2 . .
S orsm s 435 0 o Loy
Jachat rainfarzament srss 0,00 sm2 £ FEOON 2 10.00) £ (ooo ® (0000
Story STORY1 — wall PDO2 — Drawing name : W2
Section U (P0O3) - Materials C20.7,/5414, Hoops 5414
Base story : STORYL - Total Height : 9.00 m
Bottom elev. : 0.00 m - Top elev. : 3.00m
Flexural reinf. col Amin Amax Acal Areq
Top 1 11.13 44.50 4.08 11.13
BOTTOMm 1 11.13 44,50 12.12 12.12
Top 2 i7.22 68.88 6.32 17.22
BOTTOM 2 6E. B8 18.76 18.76
Top 3 68.88 6.32 17.22 #
BOoTTOm 3 6E. B8 18.76 18.76 #7
Top 4 44.50 4.08 11.13 6#6
BOoTTOm 4 44,50 1z2.12 1z2.12 B#6
Flexural actions Nsd Mzsd M3=d Combination
Top -428.43 106.63 -1787.20 0. +D+0.70+G5W-1.3+EX+2.55ECCX+0.39.EY+0.76+ECCY
Bottom -551.78 2058.94 317.83 0.70-D+0.70-GSW+0.39-EX+1.17 -ECCX+1. 3 -EY+3.9-ECCY
Shear reinf. col Hoops
Top/Bottom 1 #3/250
Top/Bottom z #3250
Top/Bottom 3 #3,/250
Top/BOttom 4 #3250

adequate confined length in web A (required : 0.00 < 0.00)]
Adequate confined length in web B {required : 0.00 < 0.00)
Adeguate confined length in web C (required : 0.00 < 0.00)

Shear friction check passed for web A.
shear friction check passed for web B.
Shear friction check passed for web C.

shear actions wvsd Combination
vsd in dir. 2 41.63 1.2+D+1.2:GSW+1.6:L+0.5 LR
vsd in dir. 3 32.42 1.2:D+1.2-G5W+1.6-L+0.5-LR
web vsd Veonc Wwd wvRd,max Horizontal vertical
A 41.63 327.75 753.64 2123.59  2# 38220 2# 38220
B 16.21 223.33 513.54 1453.86  2# 38220 Z# 38220
[ 16.21 223,33 £13.54 1453.86  2# 3@220 2# 38220
Shear actions vsd Combination
vsd in dir. 2 £02.99 1.40.D+1.40-G5W+L+0.2.5+1.3.EX-2.55 -ECCX-0.39.EY-0.76-ECCY
vsd in dir. 3 474.77 1.40-D+1.40-GSW+L+0.2 5+0.39-EX+1.17-ECCX+1.3-EY+3. 9 -ECCY
web vsd veoong Wiwd VvRd,max Horizontal vertical
A 50Z2.39 327.75 753.64 750.42 2# 38220 2# 38220
B 237.39 223,33 £13.54 S03.86  2# 3@220 2# 38220
[ 237.39 223.33 513.54 503.86 2# 38220 2# 38220
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The design output from Etabs for the C shaped wall W2 at story 1 (above
basement) is shown in the following screen capture:

Fier Leg Location, Length and Thickness

Station (e} Left X, Left¥, | Right X, | RightY . |Length | Thickness
Location mm mm mm mm mm mm
Top Leg 1 12800 475 12800 BaTs 1800 250
Top Lag 2 10225 T4TH 10225 o275 1800 250
Top Leg 3 10226 B2TE 12800 B2TE 2575 260
Bottom Lag 1 12800 475 12800 Bavh 1800 250
Battom Leg 2 10225 475 10225 BaTs 1800 250
Bottom Lag 3 10225 o275 12800 o275 2575 250

Flexural Design for P, M_, and M,

Station Required Reguired Current | Flexural P, M, M Pier A,
Location | Rebar Area (mm*) | Reinf Ratio | Reinf Ratio | Combeo kN kMN-m kM-m mm?

Top eS8 0.0025 D.00&8 DWWal32 (5195523 -T17.8721 | -1550.8843 | 1543750

Bodtom TE15 00051 D008 Dial32 (4724285 | 18435.3362 | -2552 8703 | 1543750

Shear Design

Station I Rebar | Shear Combo P, M, v, Y, oV,

Location mmEm kM kM-m kM kM kM
Top Leg 1 £25 DWal2g -336.4461 |1D6.7I07 (2085755 | 2287614 | 4521716
Top Lag 2 625 DWal2g 520736 [115.5843 |201.2698 | 2754038 | 498.7930
Tap Leg 3 625 DWal2e -150.2792 [102.4168 |3338.6218 | 3659277 | GA5.4097
Baiban Leg 1 625 DWal2s -563.B686 |562.2376 [201.2452 | 94,3001 317.7802
Boitam Lag 2 625 DWal2g -28B.6350 |3B5.3445 [176.2708 | 1528475 | 376.237T
Bottom Leg 3 625 DWal2g -532.5024 |B25.7263 |306.3599 | 3211301 | G40.7021

The forces used in the design, resulting from DWall32 combination,
correspond to the forces from the analysis, which are shown for verification
as screen captures below:

Load Case/Load Combination End Offset Location
) Load Case @ Load Combingtion () Modal Case 0.0000 m
Dwal32 '][MaxardMirl VH 3.0000 m
Length |3.0000 m
Companent Display Location
Auial (P and T) - ©) Show Max @ Scrollfor Values o -
Axial Force P
Max = -472.4285 kN
Min = -600.0297 kN
Torsion T
Max = 340.4809 kN-m
Min = -371.2284 kN-m
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Load Case/Load Combination End Offset Location P —— End Offsct Location
*) Load Case © Load Combination TrElEEE 0.0000 m ) Load Case @ Load Combination ) Modal Case 0.0000 m
DWwai32 =) [Maxangmin  ~ BELLT = DWal32 | [Maxandbin  ~ 3.0000 m
Length |3.0000 m Lengtn |2.0000 o
Companent Display Location Compenent Display Location
Major (V2 and M3} - ) Show Max @ Scroll for Values 0 m Minor (W3 and M2) - ) Show Max © Scroll for Values 0 m
Shear V2 Shear v3
Max = 370.8509 kN Max = 3972575 kil
| Min = -327 8757 kN ‘ Mlin = -388.9767 KN
HMoment 142

Moment M3

Max = 2160.4121 kH-m _\_\___\___—\ WMax = 1843.3362 kN-m
— Min = -2532.8793 kN-m —_—______—_—J Min = 18794380 kN-m

ECtools calculates for the bottom of the wall (base of wall) flexural
reinforcement of As, req= 12.12+18.76+18.76+12.22 = 61.76 cm?, while
Etabs calculates As,req= 78.15cm?, i.e a difference of 19%.

ECtools calculates for the bottom of the wall (base of wall) shear
reinforcement per leg 2x3#/280 As/s=5.07 cm®/m while Etabs calculates
As/s = 6.25 cm?/m, i.e. 18% difference per leg.
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Example 2: Athens Opera House (SNFCC)

1. Introduction

The purpose of this report is to present the results of the design verification
of the Opera House superstructure. The superstructure was modelled both in
Etabs and Scia Engineer, by two teams working in parallel, so that human
error or software bugs could be eliminated. This was decided due to the
complexity and irregularity of the building.

As it can be easily seen from the numerical models, a large canopy on top of
the Opera (100mx100m) has been accurately modelled both regarding
geometry and loads, so that its effects are included in the opera static and
dynamic response.

2. General Approach

An effort was made to reduce the number of factors that could produce
discrepancies between the models. To that end:

o All loads, spectra, loading assumptions and load combinations were
taken exactly the same

Please refer to appendix “Codes, Loads and Materials” for a detailed
analysis of the loads, the design combinations and the codes applied.

e Extra loads pertaining to the stage pit and the flytower were
calculated from the relevant stage engineering technical descriptions.

e The comparison of foundation loads between was made using models
without vertical springs (rigid foundation) since the addition of the
deformability of the substructure would only increase the variability of
the data.

Two separate numerical software were used to model the Opera House with
the solar collector on top, ETABS v9.7.4 (CSl) and SCIA Engineer 2012
(Nemetschek). This double numerical modelling approach was deemed
necessary given the complexity of the project, so that subsequent errors and
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discrepancies in the modelling of the geometry, in the application of loads
etc. would be exposed and corrected.

The solar canopy was modelled both on top the main building.

3. Numerical Models

Two numerical models were created for the Opera House, one in SCIA and
one in Etabs.

¢ In both software, the main structure was modelled with the solar
collector on top.

e Columns were modelled using frame elements.

e T-beams were modelled using frame elements for the webs. These
were assigned a vertical stiffness offset from the T section’s flange,
creating the actual beam stiffness. SCIA integrates the forces from the
web and the flange automatically, producing the resulting T-section
forces.

¢ Walls and spandrels were modelled using shell elements.

e Slabs were modelled using shell elements. Voided slabs were also
modelled using shell elements with equivalent stiffnesses. Ribbed and
waffle slabs were modelled using shell elements for the flanges and
frames for the ribs. The rib frames were assigned a vertical stiffness
offset in order to reproduce the actual slab section’s stiffness.

e The solar collector’s ribs were modelled via a stiffness modifier to the
relevant flanges. The solar collector's beams were modelled using
frame elements that were assigned a vertical stiffness offset.

e Surface loads were applied to slabs, line loads were applied to either
existing beams or supplementary zero-weight and zero-stiffness linear
elements connected to the slabs’ mesh.

e The 172 isolators’ horizontal stiffnesses were calculated using the
following expression:
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_AF F .. —F. _E+;:+W

K max 11T
eff = ~ -

AD 2-D R D
where
R=2.7m, isolator’s pendulum radius
D = 0.234m, the design displacement for T=2.59s
M = 0.054, the friction coefficient (max value)
w the vertical force for G+We-Q

The modal analysis of both models resulted in a period of T=2.59s -
2.60s for the three main eignemodes, as was expected.

The 172 isolators’ vertical stiffnesses were calculated from the
undercroft numerical model iteratively:

o vertical reactions of the fixed model were applied to the
undercroft model

0 the resulting deflections at each isolator position were translated
to vertical spring stiffnesses

0 these stiffnesses were assigned to the superstructure model and
the analysis was repeated

o the newly calculated reactions at the isolator positions were
reapplied to the undercroft model and isolator deflections were
recalculated

0 the process was repeated until the maximum change in stiffness
between cycles stopped exceeding 5% for all isolators.

The spring-damper column heads were modelled using link elements
with a 10kN/mm axial stiffness. The connection of the column heads
with the canopy was considered pinned.

The cables were modelled using single 45mm steel rods, with an axial
stiffness modifier of 1.4, which represents the actual cross section of
the pair of cables (same as in the ER analyses). The pretensioning
force of 1MN was applied as a negative temperature change.

The solver in SCIA, contrary to the one in ETABS, is multithreaded and
allows for larger problems to be solved in a practical time frame. Thus,
the SCIA model was modelled with a much finer mesh in order to
avoid overestimation of the actual stiffness of plane elements. The
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SCIA model has 75.000 shell elements, while the ETABS model has
28.000 shell elements. Even though this leads in general to more
accurate results from the SCIA model, the two models are in good
agreement due to a significant effort that was made to optimize the
meshing of the walls in ETABS.

L amy ||

Wi

SCIA model, 2
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SCIA model, 3

SCIA model, 4

PENELIS CONSULTING ENGINEERS SA | NEMETSCHEK SCIA m



Scia Engineer & ECtools ACI 318/11 Verification Document

ETABS model, 2
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ETABS model, 3

ETABS model, 4
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4. Global Model Verification - Gravity Loads

4.1. Summation of loads at base
The sum of forces for the combination 1.35G + 1.50Q for the twomodels are
presented in the following table:

ETABS SCIA

1771693 kN 1772505 kN

The difference between models is less than 0.5%o0, rendering them equal in
the total load application.

Since the total load has been calculated effectively the same, any individual
differences that should arise will be the product of the load positioning and
the modelling of the structure stiffnesses.

4.2. Comparison of reactions at individual isolator positions
The comparison of reactions for individual isolators was done between the
JVIT models for three (3) cases:

1. One with fixed supports and with stiffnesses for walls and beams

reduced by 50%

One with fixed supports and full stiffnesses

3. One with spring supports (calculated from undercroft ETABS model
and SCIA superstructuremodel) and full stiffnesses

N

The results are presented in the following table:

2 | 3 g g g : g

5 85| 48 L | 35|y & o £5

Grid Position TR n > ¥ T w o n o ¥ T WIELon|ntion ¥ T
CE/36 6467 6071 -6% 6541 6132 -6% 6913 6637 -4%
CH/36 6768 6473 -4% 6830 6578 -4% 7598 7464 -2%
DA-DB/36 6558 6631 1% 6418 6467 1% 5396 5236 -3%
DC-DD/36 4888 4923 1% 4918 4949 1% 4738 4709 -1%
DF/36 8409 8211 2% 8655 8273 -4% 8236 8192 -1%
E/36 6492 6384 -2% 6513 6370 -2% 5471 5413 -1%
EC/36 5764 5829 1% 5748 5762 0% 4967 4977 0%
EF/36 4970 5074 2% 4905 4956 1% 4570 4600 1%
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iel ie]

8 8 (0] § .g .g [ § ) 0] o g

gi-)': <'|§ '%% 8;— <LxL %% By g <¥8’ %%

E% | o% | 25 |23 | 03 | sE |235|035| &

Grid Position w < N Q X © w v X © ww o " uwwm X ©
F/36 3982 4172 5% 3906 3995 2% 4108 4151 1%
FC/36 2512 2618 4% 2476 2476 0% 3283 3365 2%
FD-FE/36 1873 2061 10% 1839 1887 3% 2154 2186 1%
CE/40-41 9232 8734 -5% | 10261 9543 -7% 8916 8686 -3%
CH-D/40-41 8103 8777 8% 9173 9862 8% | 10494 | 10668 2%
DC-DD/40 9901 9838 -1% | 10630 | 10261 -3% | 12240 | 12150 -1%
DF/40 13556 | 14626 8% | 13525 | 14823 10% | 13512 | 13676 1%
E/40 10776 | 11191 4% | 10567 | 10951 4% | 13014 | 13207 1%
CE/41 7606 7905 4% 6703 7023 5% 5947 5986 1%
D/41 6166 6035 2% 4718 4704 0% 5817 5855 1%
EC/41 6608 5447 -18% 6288 5283 -16% 4699 4470 -5%
EF/41 7750 7300 -6% 7814 7548 -3% 8014 7813 -3%
F/41 7119 6831 -4% 7131 7041 -1% 7471 7368 -1%
FC/41 7812 7569 -3% 7910 7825 -1% 7544 7558 0%
FF/41 5553 5492 -1% 5308 5331 0% 5115 5129 0%
G/41 6366 6705 5% 6427 6753 5% 5977 6261 5%
DC/43 11173 | 11466 3% | 12446 | 12589 1% | 11951 | 11767 -2%
E/43 17123 | 18025 5% | 17699 | 18411 4% | 17673 | 17668 0%
EC/43 858 1069 25% 866 1012 17% 2523 2343 7%
DA/43-44 6409 7632 19% 6798 7729 14% 6928 7013 1%
CE/44 11155 | 11201 0% | 11184 | 11351 1% | 10826 | 10947 1%
D/44 9920 9169 -8% 8992 8379 7% 9486 9244 -3%
DC/44 8908 7675 -14% 7600 6754 -11% 7458 7173 -4%
DF/44 11167 9724 -13% | 10010 8935 -11% 9249 8802 -5%
FF/44 1257 1435 14% 1306 1423 9% 2125 2129 0%
G/44 5680 5736 1% 5616 5663 1% 5628 5661 1%
EE-EF/44-45 11569 | 11275 -3% | 12102 | 11745 -3% | 11498 | 11302 -2%
FA-FB/44-45 11010 | 11405 4% | 11219 | 11789 5% | 11095 | 11285 2%
EB/45 5363 5371 0% 5408 5353 -1% 4842 4759 -2%
ED/45 3700 3674 -1% 3877 3797 -2% 3787 3776 0%
FC/45 5100 4831 -5% 5319 4962 7% 4967 4843 -3%
FE/45 7024 7108 1% 7208 7307 1% 7848 7980 2%
EG-EE/46 4243 4297 1% 4060 4021 -1% 4874 4986 2%
EH-F/46 4284 4000 -7% 4015 3737 -T% 4437 4455 0%
EE/47 5425 5893 9% 5667 5925 5% 6203 6408 3%
FA/4T 5544 5702 3% 5711 5788 1% 5362 5470 2%
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iel ie]

8 8 (0] § .g .g [ § ) 0] o g

gi-)': <'|§ '%% 8;— <LxL %% By g <¥8’ %%

E% | o% | 25 |23 | 03 | sE |235|035| &

Grid Position w < N Q X © w v X © ww o " uwwm X ©
CE/47 9875 9841 0% | 10200 | 10069 -1% | 10335 | 10174 -2%
D/47 10114 8504 -16% 8775 7249 -17% 9296 8663 -7%
DA/47 12861 | 14263 11% | 14082 | 15410 9% | 14780 | 14977 1%
DE/47 2200 2266 3% 2116 2129 1% 2863 2741 -4%
E/47 20464 | 19768 -3% | 21388 | 20739 -3% | 17957 | 17822 -1%
EB/47 8274 7435 -10% 6690 6028 -10% 4686 4564 -3%
FE/47 6376 5990 -6% 6484 6294 -3% 6301 6298 0%
G/47 7006 7160 2% 6929 7064 2% 6944 7148 3%
FA-FB/47-48 1299 1370 5% 1197 1281 7% 1411 1470 4%
EE-EF/47-48 1322 1374 4% 1198 1270 6% 1515 1568 4%
EC/48-50 8164 8167 0% 7999 8004 0% 6810 6774 -1%
FD/48-50 7914 8376 6% 7637 8006 5% 7942 8265 4%
CC/50 11309 | 11007 -3% | 11230 | 10915 -3% | 10623 | 10407 -2%
CF/50 8141 8260 1% 6898 6980 1% 7568 7418 2%
CG/50 7438 7129 -4% 8344 8102 -3% 9430 9344 -1%
DE/50-51 2872 2840 -1% 2915 2932 1% 3305 3232 -2%
DA/51 17024 | 17315 2% | 18021 | 18153 1% | 15873 | 15794 0%
E/51 18391 | 18080 -2% | 19101 | 18705 -2% | 18492 | 18355 -1%
FF/51 5238 4828 -8% 4407 4048 -8% 3998 4009 0%
G/51 5249 5742 9% 5117 5586 9% 4775 5106 7%
EB/51-52 9571 | 10445 9% 8554 9187 7% 7682 7665 0%
FE/51-52 8286 9624 16% 7797 8832 13% 7201 7348 2%
EE-EF/51-52 1300 1287 -1% 1360 1361 0% 1690 1611 -5%
FA-FB/51-52 1340 1317 -2% 1389 1367 -2% 1674 1616 -3%
CC/53 12122 | 11678 -4% | 12014 | 11714 2% | 12139 | 11878 -2%
CG/53 7961 7633 -4% 8938 8646 -3% 6540 6328 -3%
EE-EF/53 1854 1597 -14% 1741 1535 -12% 2329 2113 -9%
FA-FB/53 1797 1575 -12% 1663 1506 -9% 2203 2019 -8%
FF/53 4374 3660 -16% 4692 3936 -16% 5743 5853 2%
FH/53 5137 5445 6% 5597 5661 1% 4460 4479 0%
EB/53-54 10459 | 10422 0% | 10606 | 10528 -1% | 15623 | 15862 2%
FE/53-54 8373 9177 10% 9116 9697 6% | 12709 | 13094 3%
EC/54 9985 8848 -11% 9751 8792 -10% | 12703 | 12321 -3%
FD/54 10552 9451 -10% | 10146 9512 -6% | 13080 | 12720 -3%
CF/54 8264 9033 9% 7473 8095 8% 7526 7636 1%
CH/54 6248 6324 1% 4760 4788 1% 4569 4581 0%
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iel ie]

8 8 (0] § .g .g [ § ) 0] o g

gi-)': <'|§ '%% 8;— <LxL %% By g <¥8’ %%

E% | o% | 25 |23 | 03 | sE |235|035| &

Grid Position w < N Q X © w v X © ww o " uwwm X ©
DA/54 17581 | 16566 -6% | 18828 | 17623 -6% | 14907 | 14459 -3%
G/54 4075 4872 20% 3583 4553 27% 3488 3901 12%
DE/54 2784 2574 -8% 2755 2601 -6% 3218 2992 -7%
E/55 19424 | 18475 -5% | 19754 | 18814 -5% | 18630 | 18352 -1%
FH/55 3255 3674 13% 3494 4004 15% 3297 3424 4%
G-GA/55 5479 6113 12% 5609 6092 9% 4157 4166 0%
CC/56 12599 | 12465 -1% | 12098 | 11913 2% | 12267 | 11976 -2%
CF/56 8554 7753 -9% 7879 7105 -10% 8219 7711 -6%
CH/56 7190 6897 -4% 6347 6141 -3% 6124 5957 -3%
EB/56 11362 | 11369 0% | 11369 | 11342 0% | 14156 | 14592 3%
FE/56 9283 | 10288 11% 9282 | 10352 12% | 11399 | 12016 5%
DA/56-57 14978 | 15238 2% | 15602 | 15598 0% | 14405 | 14123 -2%
DC-DD/57 9644 9057 -6% 8450 7690 -9% 8231 7749 -6%
DF-DG/57 10214 7453 -27% 8988 8912 -1% 8310 8314 0%
E/56-57 9315 | 10235 10% 9436 | 10066 7% 9007 9151 2%
FG/57 2086 2132 2% 2094 2142 2% 2457 2458 0%
FH/57 4544 4050 -11% 3419 3116 -9% 3140 3061 -3%
GA/57 8348 7253 -13% 8613 7561 -12% 7718 7647 -1%
GE/57 4720 4721 0% 4828 4756 -1% 3996 4040 1%
CA/60 12843 | 12967 1% | 13046 | 12997 0% | 13119 | 12894 -2%
CD/60 21773 | 20230 -7% | 20503 | 18541 -10% | 22052 | 20699 -6%
CF-CG/60 25120 | 24329 -3% | 27238 | 26603 2% | 22968 | 21757 -5%
DA/60 17967 | 17850 -1% | 19029 | 18893 -1% | 20523 | 20115 -2%
DD/60 15668 | 16370 4% | 16228 | 16523 2% | 20763 | 20840 0%
DF/60 14082 | 14087 0% | 14407 | 13957 -3% | 18895 | 18947 0%
E/60 23079 | 23399 1% | 23190 | 23441 1% | 24139 | 24609 2%
EB/60 68581 | 75018 9% | 70094 | 76127 9% | 55121 | 56574 3%
FE/60 61883 | 63452 3% | 63390 | 64485 2% | 50574 | 50809 0%
FG/60 20528 | 14157 -31% | 20458 | 14414 -30% | 19709 | 18167 -8%
G-GA/60 16030 | 16890 5% | 15676 | 16976 8% | 18707 | 18838 1%
GE/60 10330 | 11427 11% | 10282 | 11161 9% | 11112 | 11564 4%
CD/63 9609 9060 -6% 7764 7315 -6% 8921 8280 -7%
CF-CG/63 11273 8295 -26% | 12008 8999 -25% 9897 8922 -10%
CA/64-65 26233 | 26475 1% | 27411 | 27784 1% | 30854 | 30748 0%
DA/64-65 22756 | 21813 -4% | 23212 | 22441 -3% | 25938 | 25226 -3%
EA/64-65 2837 2562 -10% 2860 2560 -10% 3506 3233 -8%
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iel ie]
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Grid Position w < N Q X © w v X © ww o " uwwm X ©
FF/64-65 2592 2368 -9% 2543 2300 -10% 3265 2983 -9%
G-GA/64-65 3452 3399 -2% 3349 3313 -1% 3166 3147 -1%
DF-DG/64-65 3812 3769 -1% 3808 3792 0% 3665 3637 -1%
CG/64-65 17020 | 17304 2% | 18191 | 18657 3% | 14050 | 13637 -3%
CD/65 7194 5663 -21% 6492 5113 -21% 7239 6219 -14%
CD/68 9115 9196 1% 8490 8569 1% 8627 8546 -1%
CG/68-70 8864 8371 -6% 9705 9191 -5% 9471 9184 -3%
EB/68-70 27505 | 27611 0% | 27529 | 27802 1% | 31515 | 32303 3%
FE/68-70 24596 | 28551 16% | 24522 | 28773 17% | 26583 | 28859 9%
CA/70 17726 | 17237 -3% | 18595 | 17976 -3% | 15644 | 15133 -3%
BH/70 6341 5585 -12% 5824 5431 7% 5724 5477 -4%
DA/70 18213 | 17205 -6% | 18370 | 17063 7% | 20211 | 19498 -4%
DD/70 17338 | 17619 2% | 17836 | 17858 0% | 20169 | 20087 0%
DF/70 22152 | 21956 -1% | 22870 | 22503 2% | 25025 | 24944 0%
ED/70 25890 | 27599 7% | 26200 | 27957 7% | 29461 | 30812 5%
FC/70 25292 | 25129 -1% | 25538 | 25382 -1% | 27702 | 28369 2%
FH/70 15129 | 15802 4% | 15839 | 16365 3% | 17356 | 18419 6%
GA-GB/70 14208 | 14364 1% | 14804 | 14824 0% | 16700 | 17075 2%
GE/70 15966 | 16209 2% | 16151 | 16514 2% | 14666 | 14928 2%
EH/71 2329 2180 -6% 2409 2233 -7% 2918 2730 -6%
BH/72 6971 7725 11% 6871 6694 -3% 5948 5851 -2%
CA/72 8973 9440 5% 8686 8819 2% 9102 9164 1%
CF/72 13968 | 14756 6% | 13208 | 13861 5% | 12948 | 13352 3%
EB/73 16884 | 16686 -1% | 16982 | 16459 -3% | 16820 | 16852 0%
FE/73 13184 | 14070 7% | 13094 | 13863 6% | 12283 | 12804 4%
GE/74 6117 6486 6% 6151 6421 4% 5893 6009 2%
ED/74-75 2328 2119 -9% 2140 1946 -9% 2184 2017 -8%
EH/74-75 3289 3141 -5% 3299 3182 -4% 3392 3216 -5%
FC/74-75 2253 2036 -10% 2118 1888 -11% 2436 2267 -7%
BH/75 13902 | 12379 -11% | 13913 | 14077 1% | 13807 | 13956 1%
CB-CC/75 2475 2418 -2% 2481 2435 2% 3077 2987 -3%
CF/75 18622 | 19270 3% | 18160 | 18637 3% | 17959 | 18463 3%
D/75 10357 | 10307 0% | 10082 | 10064 0% 9919 | 10123 2%
DC/75 14785 | 17404 18% | 14124 | 16779 19% | 14075 | 16016 14%
DF/75 9251 9132 -1% 9186 9217 0% 9037 9245 2%
E/75 10498 9384 -11% 9511 9434 -1% 9457 9346 -1%
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EB/75 12092 | 12312 2% | 12281 | 12257 0% | 13965 | 13947 0%
FE/75 9907 | 10602 7% 9976 | 10612 6% | 11429 | 11962 5%
FG/76 6171 6180 0% 5498 5402 -2% 5967 5988 0%
G/76 7405 7405 0% 6549 6735 3% 6997 7126 2%
GB/76 8216 8163 -1% 7361 7192 -2% 7476 7492 0%
GE/76 4441 4504 1% 4307 4394 2% 4277 4359 2%
BH/80 14786 | 15809 7% | 15020 | 15446 3% | 15264 | 15773 3%
CB-CC/80 1180 1150 -3% 1155 1113 -4% 1770 1713 -3%
CF/80 17288 | 18263 6% | 17448 | 18484 6% | 16225 | 17115 5%
D/80 10328 9895 -4% | 10411 | 10153 -2% | 10703 | 10500 -2%
DC/80 12246 | 11626 -5% | 12409 | 11434 -8% | 12427 | 11717 -6%
DF/80 10396 | 10142 2% | 10468 | 10276 -2% | 10328 | 10102 2%
E/80 8667 8193 -5% 8491 8026 -5% 8759 8324 -5%
EB/80 16051 | 15678 2% | 15877 | 15284 -4% | 14354 | 14148 -1%
EH/80 23122 | 23815 3% | 23466 | 24237 3% | 18314 | 18542 1%
FE/80 15616 | 16461 5% | 15308 | 15943 4% | 12562 | 12846 2%
FG/80 3463 3696 7% 3527 3611 2% 3523 3628 3%
G/80 5004 4979 -1% 5425 5644 4% 5018 5123 2%
GB/80 5721 5767 1% 6098 6077 0% 5430 5508 1%
GE/80 4492 4805 7% 4505 4804 7% 4573 4802 5%
Average 0% Average -1% Average -1%
Stand. Dev. 8% Stand. Dev. 7% Stand. Dev. 4%
Variance 1.16 Variance 0.92 Variance 0.25

The following observations are made from the above comparisons:

1. Even though the sum total for gravity loads is exactly the same for the
two models, their distribution in the structure displays some variance.

2. The variance is 4x greater for the models supported on fixities than
the variance observed for the models supported on springs.

The root cause for this behavior is the coarser mesh of the ETABS model
compared to the SCIA, which results in an erroneously “stiffer” model.
Combined with rigid supports, the error is compounded. Combined with
elastic supports which are significantly less stiff than the elements they
support, the error is mitigated.
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8. Global Modelling Verification - Dynamic Analysis

The dynamic behavior of the superstructure is governed by the presence of
the base isolators, their horizontal stiffnesses and their fundamental period.
Their horizontal stiffness is directly proportional to the vertical force applied
according to equation

1max it

_AF F . —F _E+;1-If’
T AD 2.D R D

K

In turn, the vertical force for each isolator is equal to the overlying mass
times 9.81m/sec2. Consequently:

o the center of stiffness of the group of isolators coincides with the
center of mass of the structure

e the center of the polar mass moment of inertia of the
superstructurearound the vertical axis coincides with the center of
torsional stiffness of the group of isolators

o the ratios m/Kis, and Jn/Jiso are equal

The net effect is that the fundamental period for each degree of freedom (2
translational, 1 rotational, 3 total) is the same and equal to T = 2.59s.
Furthermore the structure should exhibit no rotation under horizontal
excitation along any direction.

These 3 eigenmodes were produced by both ETABS and SCIA JVIT models
with periods between 2.56s and 2.59s. Combined they include 99.9% of the

structure’s mass for each degree of freedom.

The table below presents the results from ETABS.
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Mode | Period UX Uy UZ | SumUX | SumUY | SumUZ RZ SumRZ
1 2.595 68.083 0.081 0.0 68.1 0.1 0.0 31.8 31.8
2 2.586 0.740 98.623 0.0 68.8 98.7 0.0 0.6 32.4
3 2.567 31.122 1.233 0.0 99.9 99.9 0.0 67.6 100.0
4 0.938 0.000 0.000 0.3 99.9 99.9 0.3 0.0 100.0
5 0.883 0.009 0.000 0.0 100.0 99.9 0.3 0.0 100.0
6 0.817 0.001 0.051 0.0 100.0 100.0 0.3 0.0 100.0
7 0.795 0.000 0.000 3.7 100.0 100.0 4.0 0.0 100.0
8 0.752 0.035 0.001 0.0 100.0 100.0 4.0 0.0 100.0
9 0.494 0.002 0.001 0.3 100.0 100.0 4.3 0.0 100.0

10 0.457 0.001 0.000 0.9 100.0 100.0 5.2 0.0 100.0
11 0.270 0.002 0.007 0.2 100.0 100.0 54 0.0 100.0
12 0.190 0.000 0.000 86.2 100.0 100.0 91.6 0.0 100.0

The table below presents the results from S.EN.

Mode

SCIA Model

3+

T [sec]

2.636

2.611

2.571

1.008

0.883

0.873

0.843

0.794

O |0 (N[O | WIN (K-

0.660

=
o

0.629

=
[ERN

0.615

[ERN
N

0.594

The project design spectra were assigned on the two orthogonal directions X
and Y. The result was a translational response along the direction of each
excitation (X & Y) with virtually no rotation.

Therefore the assignment of the horizontal springs was done correctly in both

JVIT models.
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The calculated response spectrum displacements are:

Excitation AGORA ROOF

Direction UX uy UX uy
X-X 154 mm 3mm | 158 mm 5mm
Y-Y Omm | 154 mm 0mm | 158 mm

Multiplied by g=1.50, they produce the elastic displacement, used for the
base isolator design.

D = 154-1.50 = 231mm

This value is in agreement with both calculations concerning the base
isolation design. Therefore the numerical dynamic analysis is correct.
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Conclusions

Two different approaches have been applied for the verification of Scia
Engineer & ECtools using CSI Etabs as the reference software, for ACIA 318-
11 reinforced concrete design.

- Approach of example 1, examines in depth all the modelling
approaches and design options and results for a 3D R/C dual system
with 3 storeys and one basement

- Approach of Athens Opera House, compares the two software on the
application on one of the most demanding structural models and
assessed global behavior analysis results.

From the detailed analysis examination of example 1, the following
conclusions have been derived:

- Global force balance is identical for both software

- Global assembled masses are identical for both software

- The dynamic characteristics of the two models are identical with a
deviation of less than 4%

- The modelling of beams in S.EN. (rib and integration flange approach)
is more accurate than Etabs, as the latter ignores the moment and
shear forces of the slab shell elements clashing with T-beam flanges.
This difference is not considered significant in the design of a building.

- The modeling of columns in both software is a close match.

- The modelling of complex walls in S.EN. and Etabs are closer than
10%, when Etabs has a manual meshing of the finite elements of walls
and slabs (in the automesh option, Etabs pier forces are not accurate)

From the design of R/C elements using S.EN. & ECtools or Etabs the following
conclusions are derived:

- Beams design in Etabs does not take into account the minimum
reinforcement requirements for T beams and uses as default the
4/3Aqa rule allowed by the ACI 318-11. S.EN. & ECtools uses the
actual minima as defined in the main text of ACI318-11 and has the
4/3Aca as a user option, as it is aimed only for large R/C beams (ACI
commentary). The general design of beam, in both software, produces
close match.
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- Column design in both software produces identical results in flexure
and shear, both regarding ordinary and special ductility class. Also the
minima in both software are the same.

- The joint capacity rule, although applied using a different path in the
two software, produces the same results and safety factor.

- Wall design for the ordinary case is comparable in both cases, both in
flexure and shear

From the second example, the Athens Opera House, it is concluded that
S.EN. can be used in very complex buildings and produce results directly
comparable to CSI Etabs.

The general conclusion, derived from the development of this very
elaborate report, is that an educated structural engineer, who is
knowledgeable about any of the two software, may trust these
without hesitation. It should however be noted, that both software
are extremely advanced providing many user options, which are not
to be used by newcomers or occasional users.
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