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StruBIM is a group of applications aimed to analysis, design and generate structural

plans. These applications are focused on collaborative work through the exchange of
files in standard format, IFC and XML.
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Physical Model

StruBIM Design

= Import structural model +
(beams, columns, walls, slabs, )

and results from ANALYSIS.

= Design and check structural elements EE

according to design codes

EIM Software

&

StruBIM Analysis

« Import structural model
(beams, columns, walls, slabs, ._).

IFC Builder « StruBIM-Analysis generates
the analytical model.

= Adjust the analytical model,
» Check results.

(ACI 318 and ANSI/AISC 360).

. Record
» Column schedule
* Beam schedule
* Slab reinforcement

« Export results. ﬁ

Structural Model

XML
= v+ =

Analytical Model
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* Wall schedule
J
* Import supports of the structure
and results from ANALYSIS.

« Design and check foundation elements
according to ACI 318.

* Generates foundation
drawings and schedules

StruBIM Foundations




B StruBIM Analysis

StruBIM Analysis is a tool designed to generate, edit
and calculate an analytical model developed from a
structural model.
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The analysis of the loads is done by a 3D spatial
calculation. Users have the possibility to use two
different calculation engines, the CYPE Frontal Solver
engine (developed by CYPE) and the OpenSees®engine
(developed by the Pacific Earthquake Engineering
Research Center of the University of California).
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The structural model can be imported through a file in
IFC format generated from IFC Builder (CYPE) and other
BIM modeling programs, or a file in XML format.

The analytical model is generated from the imported
structural model, by discretizing the structure into bar-type
elements, nodes and triangular finite element sheets (FEM).
The user has the possibility to adjust the model by defining

or editing:

+ Load cases

+ Loads on nodes bars or shells

+ Wind loads generated automatically in
accordance with the ASCE 7-10 standard

+ Diaphragms

+ Boundary conditions

+ Properties of materials and sections

+ Shells discretization size
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Generated wind loads
Fx Fy X eccentricity ¥ eccentricity
(L (kips) | (kips) (ft) (ft)

w 1[Case 1, 0] 1,306 0.000 0.000 0.000
w 2 [Case 1,90] 0.000 3.798 0.000 0.000
w 3 [Case 2, 0, -e1] 0,979 0.000 0.000 -2.93%
w4 [Case 2,0, e1] 0.979 0.000 0.000 2.939
w 5 [Case 2, 90, €2] 0.000 2.849 7.096 0.000
w 6 [Case 2, 90, -e2] 0.000 2.849 7.096 0.000

ase 3, 0] 0.979 2.365 0.000 0.000
w 8 [Case 3, 90) 1.180 2.849 0.000 0.000
w9 [Case 4, 0, -1, -e2] 0.735 1.775 7.096 2.939
w 10 [Case 4, 0, e1, 2] 0.715 1.775 7.096 2.939
w 11 [Case 4, 90, -el, e2] 0.886 2.139 7.096 2.929
w 12 [Case 4, 90, el, -e2] 0,886 2.139 7.096 2.939

As a result of the analysis we can check:

+ Displacements
and reactions

+ Graphic diagrams
of displacements
and stresses

+ Contour line diagrams
of displacements
and stresses

The analytical model and
its results are exported
to StruBIM Design.




StruBIM Design is a tool which designs, checks and edits
reinforced concrete and steel structural elements, based on
a structural model and a calculated analytical model.

The structural model can be imported using an IFC format

file that has been generated
¥+ =

using IFC Builder (CYPE), other
BIM modelling programs or an l
StruBIM Design

XML format file. The calculated
| |
| —

analytical model is imported
from StruBIM Analysis or from
the XML file.

StruBIM Design design and

checks the structural elements

(columns, beams, slabs and l
walls) and automatically

provides a technical drawing. CL ——
The following reinforced | il _"
concrete elements are designed .

and checked, according to the
requirements of ACI 318-14, ACI 318-11 and ACI 318-08:

+ Columns of rectangular or circular section
+ Rectangular section beams
+ Solid section slabs

+ Solid section walls

The steel columns and beams of the following types are
designed and checked, according to the ANSI / AISC 360-
10 standard:

« I/Wide flange
+ Rectangular hollow section

+ Circular hollow section

+ Rectangular built up box

CYpe| Software for Architecture, Engineering and Construction

StruBIM Design

The mixed concrete and steel columns of the following
types are tested according to the requirements of the
ANSI / AISC 360-10 standard:

+ Rectangular tube filled with concrete

Built up rectangular box made of laminated
steel sheets, filled with concrete

« Circular tube filled with concrete
+ Rectangular with embedded steel section

+ Circular with embedded steel section

The results from the changes of the automatic design
can be edited and can be checked for both the reinforced
concrete sections and reinforcements and the steel
sections.

Design results can be directly transferred to technical
drawings of the various elements: columns, beams, slabs
and walls, in accordance with representation requirements
and project contents (Record Engineer):

+ Column schedule

+ Cutting of beams

+ Plans for slab reinforcement

+ Plans for wall reinforcement

Column Schedule

Using this application, the user can dimension, edit and
check the columns of the project. The user has the option
of dimensioning the columns by taking into account
reinforcement continuity criteria.
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They can check

the forces of each L
column section by
load cases or by =
combinations, as

well as having a complete list of all the performed checks.
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Checks
Concrete column summary (€43 - STORY 7)
Chacks ACI318-14 Status
Design strength ratio
= Fhenural and asal strength 224 0.152
0.192 £ 1.000
Shearstrength along X- ans 225 0.001
v, 54, +&fin.q) 02545427314 (kips)
1T 0.254 5 52,691 (kips)
V54V, nin
Shearstrangth along ¥ - axis 225 0.002
v, s4(v, +a4Tnq) 07745406746  (ps)
W, 5054V, 0.774550.155  (kips)
E T A Wi
Reinforcement limits
& Minimum longitudinal reinforcement 10.6.1.1
= AL 172:68 (in2)
2 Maxrmum longitudinal renforcement 10.6.1.1
g A A 31.72554.4 {in2)
& Minimum shear reinforcement 10.6.2
g Azh. NN
Reinforcementdetailing
: Minimum reinforcement spacing 252
g s28. 46215 {in}
F f 8.2
* sza. 13621 {in}
= Maximum spacing of transverse reinforcement 15.7.2.1
asa, 14510 {in}
= Mimimum diameter of te bar 28.7.2.2

Finally, the drawing of the columns schedule is obtained.

D @ @ 205 8 &3 e p—
e, Comr Crwe o Comumncnd :::u-t-;u.aull.rr [ RAACA SR (b~
o fomen| o |55 |onen | o [T e | o | om | o | ciew | cem

e 1
em 1t
oo ot s
a2 =
e e
il
e e
semra 2 Fir m
el | E | = !
_ §

Concrete Wall Schedule

Using this application, the user can design and check the

shear walls.

Each wall can be composed of several sections, with each
section assigned to either a confined reinforcement or an

unconfined reinforcement.
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Similar to the schedule column, there are tools available to
assign reinforcement, section and properties between the
different walls.
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Muro 3 (STORY 11)
Checcs ACI318-14 Status
Mure 3 (STORY 11)
Design strength ratio
- Flexural and asial strength 224 a.110
0.110 % 1.000
Span 8 [1]
Daign strength ratio
- In-plane shear strength 154 0.175
¥, 50501, 10.278 = S8.639 (kps)
VoS NN
- Out-of-plane shear strength 225 -
v V" 2006 (i)
v etan e V, = 93199  (kps)
Ats s WIN
limits

For every section of the wall in each story, the program
performs a check for axial and biaxial-bending moment. For
each segment of the wall, there is a shear check into and
out of the plane.

As a result, the user obtains a list of all the checks and

a drawing that is automatically generated, with different
sections of the walls represented together with a table that
indicates the reinforcement of each wall on each floor.
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Story. Band Wmmmu
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BASE to STORY 3 : &ﬁ EEIn

“Mure ¥, STORY 3 to STORY 14




Floor Plan

The design of beams and slabs is done from the floor
plans tab.

Beams

Based on the beam'’s geometry and the forces present
in the beam, the program can determine the appropriate
reinforcement dimensions and calculate the checks
established by the selected standard.
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The different frames of the project will be designed
according to the typical concrete beam detail defined by
the user.
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As a result, the program generates the beam schedule
based on where the reinforcement of each beam is
associated with the typical details.
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Typical concrete beam detall
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CONCRETE BEAM REBAR TABLE (STORY 2)
SECTION SIZE LONGITUDINAL BARS. STIRRUPS
WIDTH |DEFTH| A | E [ B  F | Estribos 9%
VCANT | 18in | 30in 323|385 T | 3
VCINZ | 18in | 30in |385|385| 285 #3@1Zin| 3
VEINI | 18in | 30in |35 (35 1
VCIV4| 18in | J0in |3#5|385
VCINS | 18in | 30in |325|328
VCIN1 | 18I0 | 30in |3#5 388 258 |
VC2NZ| 18in | 30In |3#5|385| 285
YCIN3| 18In | 30in {325[585
VCZN4 | 18in | 30in |J#5|385| 285 |
UEIAE | AR In | 0 in (AR

o w vom

Slabs

The program designs the continuous reinforcement of the
slab and checks the additional reinforcement introduced
by the user. The program checks each of the discretization
points of the slab.

Punching shear reinforcements

The program designs the punching reinforcements
(stirrup or headed studs) and verifies the resistance in

the inner and outer perimeters to such reinforcement.
These resistances are verified, in the mentioned critical
perimeters, if the resistance against tangential stresses in
slabs is exceeded.
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BUNCHING SHEAR REINFGRCEMENT - HEADED STUDS (STORY )
NO. OF NO. OF
2ome | B0 | STUDS | gjameter [HEIGHT | SPACING | DISTANCE TO THE FIRST SHEAR $TUD
PER fimp | in) i)
(TYPE) RAIL
[T 14 (&) 6 2 LX) 80 a0
€% [T | 7 2 54 s 30
Cid (Il | 8 2 54 55 30
Ca5 | 12 (B) 5 n 54 50 30
o[ W | 4 i} 54 5 30
[ 12 (0) 4 2 LX} LI a.0
€ [ 20 | 4 2 54 % 30
HEIEH'[ H H ﬂ %DWEE}M
 E—
SPACING

DISTAMCE TO THE FIRST §TUD

COLUMN

TYPICAL HEADED STUD REINFORCEMENT DETAIL



Local analytical models

The design of the supports (columns and walls) is
calculated from the forces of the global model. The
structural elements of the floor can be designed with the
forces of the global or the local analytical model. The
local analytical model allows the analysis of a floor to be

independent of the global model from the rest of the floors, fe.
improving the flexibility during the structural analysis. L s 0103 0 s o SO

The user can introduce the layout and section of the
tendons, the tension loads and the percentages of losses
(instantaneous and deferred). The program generates two
post-tensioning load cases (one with instantaneous losses
and the other with total losses - instantaneous + deferred)
in which it will introduce the deviation loads produced by
the tendon layout. During the slab reinforcement design
stage, and if the tendons have been defined as bonded,

if there is any capacity excess or shortage regarding the
contribution of the active reinforcement, it will be taken into
account to establish the passive reinforcement.
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The tendons can be introduced as a single tendon,
concentrated tendons or distributed tendons.

. - |

v | 15 43“:{6
When the user edits the local analytical model, they e e B e |
can access the StruBIM Analysis program, where I—
elements, geometry, loads, etc. can be modified. -
The analysis, as performed in StruBIM Analysis, can also e el
be completed with the CYPE Frontal Solver calculation bt g D i A= ,
engine (developed by CYPE) or the OpenSees © engine e e ; = ;
(developed by the Pacific Earthquake Engineering - ~ = i =
Research Center of the University of California). il T

G - ) =

The user can edit the tendons, modifying the geometry of
the tendon tracing by spans, section, stressing load and
stressing losses.
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Serviceabiity requirements
| Strassas in concrate immediataly after prastrese transfer
- Extrama fiber strass - X dr
js Top Compression  f, 50.60F 24.5.3.1 352.37 5 1920.00 psi
Bottom Compression fupems 0607, 289,34 £1920.00 psi
Top Tension Fop S 3.004F,, 24532 0.002 169,71 o3
B fooerens 3 o0 Fei 0.005169.71 o5t
heps080F, 24831 171,48 21920.00 psi
»-.-u' g = bt e e z e bt Funams 0801, 92,335 192000 psi
Post-tensioned slabs =5, ,, cu .. [t “’;’“. TN 530001, 2532 | oo0x16971m
[— [r———— Foatiam® 3 °°‘ Fu 0.00 5 169,71 psi
e e
ul:\’:‘ ::: | o _ . - loads
StruBIM Design is capable ruwra o ! ! :
1ani i K = hep 5 060F, 24.5.4.1(0) | 26049 52400.00 psi
of designing po_st-t_ensn_oned S = = L b 050F, 242,67 52400.00 psi
slabs. From a distribution e ro—— - o3 S00ST, 3821 | 0005ea7en
of post-stressing tendons o : z " Fonnam 60T, 0005 379,47 oo

introduced by the user,
stress analysis can be
performed by taking into
account the effects of post-
stressing.

400.00 pst




wk( StruBIM Foundations

StruBIM Foundations is a tool for the design of
foundations. From the supports of the structure the user
can generate, design and check the foundation elements.

The supports and the forces in the base can be entered
manually or imported through a file in IFC or XML format.

It is capable of designing different foundation elements,
such as: pad footings, pile caps, foundation slabs, pile-
supported slabs and beams.

The reinforced concrete elements are designed in
accordance with ACI 318-14, ACI 318-11 and ACI 318-08.

Pad Footings

It is possible to check and design reinforced concrete
rectangular footings with the support in the center or with
eccentricity.

As a result, the program offers a list of the performed
checks, as well as the foundation plan with the pad footing
table attached.

Footing:F9

c1a
ACI1I8-1L
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SPREAD FOOTING SCHEDULE
BOTTOM REMFL ToR T
REF, | NO.FOOTHGS | DIMENSIONS | DEPTH
SHORTSIDE | LONG SIDE | SHORT SIDE | LONG SIDE
2] 1 B4 x1in 4in 1786 1426
F2 1 Hxiin Hin 178 T4e8
F1 1 Trxsin 4in 1828 1828
F4 1 132 xWin Hin o 1884
E 1 T2x0in in 1628 1428
F§ 1 108 x 120 in Hin 1584 T4e8
ET 1 WEx11din | in 1426 1288
F§ 1 HxT2in Hin 1084 kil
Fa 1 1262 80 in Min e 1408
Fio 1 Téx#in Hin 1084 kil
Fi1 1 Hxddin HMin 1186 b
Fi2 1 Hx#in Hin 118 kil

RUGO R 2B o]
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Pile Caps

The program is capable of design the reinforced concrete
pile cap. During the generation of foundation elements, the
optimum number of piles is determined and afterwards, so
is the depth and reinforcement.
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As a result, the program offers a list of the checks carried
out, as well as the foundation plan with the pad footing or
pile cap table attached.
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TYPICAL PILE CAP DETAIL

r_DP REINFORCEMENT
L3

L e N -I

0

EPTH
——

. 3 3 3 - - - . 0‘ F0TTOM REINFORCEMENT

FOR SIZE, DEPTH AND REINFORCEMENT SEE SCHEDULE

PILE WIDTH | COMPRESSION CAPACITY | TENSION CAPACITY | SHEAR CAPACITY
a Pile 1 14in 80 kips 0 kips 5 kips
/5 Pile 2 12in 110 kips 6 kips 11 kips
(v\ Piled | 18in 250 kips 120 kips 3 kips

The user can introduce ground supported slabs or pile
supported slabs. The program performs the analysis and
design of the continuous reinforcement and verification of
reinforcements.

The user can check the punching resistance of columns
or piles as well as design the necessary punching
reinforcements.
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In addition, post-tension tendons can be arranged in the
same way as it was in StuBIM Design, taking into account
it's distribution in the floors and the tendon profiles. In the
stress analysis of the slab, the post stress effects will be
taken into account.

K-k
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Analytical model

Beams that connect with other foundation elements can be The isolated elements are checked and dimensioned with

introduced. These beams will intervene in the floor's local the loads defined in each support. The slabs and beams are

analytical model. checked and dimensioned with the forces obtained from
the analytical model of the foundation, which can be edited

by the user.
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The stress analysis, from StruBIM Analysis and Design, can

2 S e e g e S be done with the CYPE Frontal Solver calculation engine

e E B i = (developed by CYPE) or the OpenSees © engine (developed
QW e Lo v Lecal “ e . .

g == cetn B s by the Pacific Earthquake Engineering Research Center of
i;f; o El = the University of California).
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The beams are dimensioned and checked according to
the type of reinforcement defined by the user. A list of the
calculated checks is provided.

StruBIM Foundations [

Design process...
Procassing rodes
2202408 fre3
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StruBIM

StruBIM is a group of applications aimed at the analysis, design and generation
of technical drawings for structural projects. These applications are focused on
collaborative work through the exchange of files in standard format, IFC and XML.

This application is integrated into the OpenBIM workflow through the IFC standard.
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