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Disclaimers

(1) The policy of the NIST is to use the International System of Units in its technical com-
munications. In this document however, works of authors outside NIST are cited which describe
measurements in certain non-SI units. Thus, it is more practical to include the non-SI unit mea-
surements from these references.

(2) Certain trade names or company products or procedures may be mentioned in the text to
specify adequately the experimental procedure or equipment used. In no case does such identifi-
cation imply recommendation or endorsement by the National Institute of Standards and Tech-
nology, nor does it imply that the products or procedures are the best available for the purpose.



Abstract

Time-domain analyses of wind effects on high-rise structures have been made possible in recent
years by advances in wind pressure measurement and computer technology. Time domain solu-
tions not only provide full phase information on structural responses to wind but can also ac-
count naturally for modes of vibration of any shape, including any number of higher modes of
vibration, as well as for mode coupling.

This study applies the Database-Assisted Design (DAD) methodology to the design of rein-
forced concrete high-rise structures. Given (a) the time histories of pressures, measured in the
wind tunnel at a sufficient number of taps on the exterior faces of the building envelope for a suf-
ficient number of mean speed directions, and (b) a preliminary design of the building, it is possi-
ble to calculate response databases for the demand-to-capacity indexes, inter-story drift, and top
floor accelerations, that is, databases of responses induced by wind with any specified speed and
direction. These responses are functions of the building’s aerodynamic, geometric, structural,
and dynamical features and are independent of the wind climate. The response databases are
used in conjunction with a wind climatological database typically obtained by Monte Carlo si-
mulation from measured extreme wind climatological data. The design is performed iteratively
until the peak responses satisfy the design specifications.

The present study is the first to apply Database-Assisted Design techniques to reinforced
concrete high-rise buildings, and is in our opinion superior to conventional approaches currently
in use from the point of view of physical modeling, accuracy, transparency, and convenience to
the designer.

Keywords: Database-Assisted Design (DAD), mean recurrence interval, reinforced concrete,
time-domain analysis, wind effects.
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1. Introduction

The ASCE 7-05 Standard (hereinafter ASCE 7-05) (ASCE 2005) specifies three methods for de-
termining wind loads: a simplified, an analytical, and a wind tunnel method. The simplified me-
thod is not applicable to flexible, high-rise structures. The analytical method excludes buildings
subjected to across-wind and/or aeroelastic effects. Therefore, to the extent that high-rise build-
ings experience such effects, the analytical procedure is usable only for preliminary design pur-
poses. The wind tunnel method is specified in ASCE 7-05 only in very general terms. This is one
of the reasons why estimates of wind effects may vary, in some cases significantly, among inde-
pendent laboratories or even within the same laboratory (Coffman et al. 2010; Fritz et al. 2008;
SOM 2004).

The dynamic response of a building to wind is estimated on the basis of wind tunnel data by
using either (1) an approach based on high-frequency force balance (HFFB) measurements of
strains at the base of a rigid model or on measurements of strains in an aeroelastic model, or (2)
a time-domain approach using simultaneous pressure time-histories on a rigid (Simiu et al. 2008)
or aeroelastic model (Diana et al. 2009). The time-domain approach that uses simultaneous time
series of pressure data has the following advantages: (1) it does not entail loss of phase informa-
tion; (2) it can easily account for modes of vibration of any shape, including any number of high-
er modes of vibration, as well as for mode coupling; and (3) it can account for non-stationary
wind effects, provided that corresponding pressure measurements are conducted in specialized
test facilities.

The time-domain Database-Assisted Design (DAD) approach, as applied in this report, has
been developed with a view to exploiting fully the potential of time-domain approaches (Simiu et
al. 2008; Spence 2009). Note the use of the term “Design” in this designation. DAD is not aimed
merely at providing the structural engineer with wind loads due to spatially averaged pressures.
Rather, DAD is an integrated design methodology that includes member sizing. The member siz-
ing is dictated by (a) the building’s aerodynamic and structural properties, (b) the structure’s
wind environment and its directional interaction with those properties, and (c) design criteria for
strength and serviceability. The DAD approach enables the automation of the design of individu-
al structural members of buildings, whether they do or do not experience aeroelastic effects. This
study is limited to the case where aeroelastic effects are not significant. Research on the applica-
tion of DAD to buildings with significant aeroelastic effects is planned for a future study.

The DAD approach allows a clear separation of the wind engineer's and structural engineer's
tasks. The wind engineer’s task is to produce (1) the required pressure time histories from wind
tunnel testing or, as is likely to be the case in the future, from CFD (Computational Fluid Dy-
namics) simulations, and (2) wind climatological directional data recorded at a weather station
reasonably representative of the wind climate at the building site and/or developed by, e.g.,
Monte Carlo simulations. In addition, it is necessary to produce the ratio between directional
wind speeds at the weather station and the reference directional mean wind speeds at the top of
the building, given the building’s exposure. This ratio enables the transformation of wind tunnel
pressure measurements into prototype pressures on the building envelope. Once the wind loading
data produced by the wind engineer are available, the structural engineer can use them for quasi-
static or dynamic analyses and for accurately determining individual member demand-to-
capacity indexes, inter-story drift, and top floor accelerations, corresponding to any specified
mean recurrence interval (MRI). The demand-to-capacity index is an indicator of structural



strength and adequacy. It incorporates relevant ACI 318 (ACI 2008) and ASCE 7 standard re-
quirements, and is discussed in Chapter 4.

The objective of this paper is to develop and apply the DAD approach to reinforced concrete
high-rise buildings. The DAD approach is in our opinion superior from the point of view of
physical modeling, accuracy, and convenience to the designer to conventional approaches cur-
rently in use. In addition, the approach is transparent, meaning that it can be followed and un-
derstood by structural engineers and public officials charged with verifying structural calcula-
tions, including their wind engineering components. That wind and structural engineering
approaches should satisfy the requirement of transparency would seem obvious. However, as
pointed out by SOM (2004), this requirement is not currently met satisfactorily by conventional
approaches. The Database-Assisted Design approach has been developed with this requirement
in mind.



2.0verview of DAD procedure

The DAD approach as applied to high-rise buildings entails the phases represented in Figure 1.
The processes within the dotted box constitute the main algorithm of the High-Rise Database-
Assisted Design for Reinforced Concrete structures (HR_DAD_ RC) software (NIST 2009). The
processes outside the box describe information provided by the wind engineer and the structural
engineer. Their tasks are clearly separated in the DAD methodology. The yellow (bright) blocks
and the blue (dark) blocks correspond to the wind engineer’s and the structural engineer’s tasks,
respectively. The DAD procedure is described as follows.

1. A preliminary design based on wind speeds specified in the relevant code or specified by
the wind engineering consultant is performed by the structural engineer, for example by using
the algorithm of ASCE 7-05, Section 6.5. This yields an initial set of building member dimen-
sions. The fundamental natural frequencies of vibration for the preliminary design can be ob-
tained by modal analysis using a finite elements analysis (FEA) program. The damping ratios are
specified by the structural engineer.

2. Dynamic analyses of the building with the member dimensions determined in phase 1
employ combinations of gravity and wind loads specified in ASCE 7-05, Section 2.3. These
combinations can be easily modified if the requirements of the standards change. The analyses
are performed by considering the resultant of the wind forces at each floor’s mass center, for
each wind direction and for reference mean hourly wind speeds at the top of the building of, say,
20 m/s, 30 m/s,...,80 m/s, depending upon the wind speed range of interest at the building loca-
tion. This phase of the procedure is performed by the structural engineer using as input the direc-
tional aerodynamic pressures database provided by the wind engineering consultant. The outputs
of this phase are the floor displacements, floor accelerations, and effective (aerodynamic plus in-
ertial) lateral forces at each floor corresponding to the specified set of directional mean hourly
speeds at the top of the building (e.g., 20 m/s, 30 m/s,.., 80 m/s).

3. The influence coefficients, which yield the internal forces in any member due to a unit
load with specified direction acting at the mass center of any floor, are calculated by the structur-
al engineer.

4. For each direction and specified wind speed, internal forces induced in members are cal-
culated using the influence coefficients (phase 3) multiplied by the effective floor loads at mass
centers (phase 2). The wind-induced forces are added to the respective internal forces induced by
factored gravity loads (using the gravity load factor specified in ASCE 7-05, Section 2.3). De-
mand-to-capacity indexes indicating the extent to which a member is or is not safe are then cal-
culated (see Chapter 4). The output of this phase is a response database providing the demand-
to-capacity index for the structural members, the inter-story drift along the building height, and
the top floor accelerations. The response database is a property of the structure that incorporates
its aerodynamic and mechanical characteristics and is independent of the wind climate.
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5. A matrix of directional wind speeds at 10 m above ground in open exposure (i.e., a wind cli-
matological database) is developed for a location close to a building of interest. Where neces-
sary, a sufficiently large matrix of wind speeds for each of 36, 16, or 8 directions being consi-
dered is developed from measured or simulated wind speed data by using the procedure
developed by Grigoriu (2009). Each line of the matrix corresponds to one storm event (if a
peaks-over-threshold estimation procedure is used) or to the largest yearly speed (if an epochal
estimation procedure is used). The columns of the matrix correspond to the specified wind direc-
tions. For hurricane winds, a similar matrix of wind speeds is used. The directional wind speed
matrix is provided by the wind engineering consultant. Using micro-meteorological relations,
wind tunnel data, or CFD data, the wind engineer also provides a counterpart to this matrix, con-
taining the directional mean hourly wind speeds at the top of the building, in lieu of the direc-
tional wind speeds at 10 m above ground in open exposure.

6. Using interpolation procedures, the response database (phase 4) is used in conjunction
with the directional wind speed matrix containing the directional hourly mean speeds (phase 5)
to calculate a matrix containing the response of interest for each direction of each storm event (or
year). However, for each storm event (or year) only the largest of the directional responses is of
interest from a design viewpoint and is therefore retained. A one-dimensional vector of the max-
imum response induced by each storm event is thus created. This vector is then rank-ordered,
and the peak responses corresponding to the required mean recurrence intervals are obtained us-
ing non-parametric estimation methods (phase 6, see, e.g., Simiu and Miyata, 2006, p. 33). Note
that the peak response of interest can consist of the demand-to-capacity indexes for any member,
inter-story drift, and peak acceleration for the respective specified MRIs.

7. The procedure outlined in phases 1-6 above is repeated as needed until the results ob-
tained satisfy the design criteria.



3. Analytical framework of DAD

3.1 Dynamic modeling of building

A tall building is modeled as a multi-story model with lumped mass and is analyzed by modal
analysis. The schematic model of a building is shown in Figure 2. An N-story building has N
masses located at the mass center of each floor. The building has three degrees of freedom (i.e., x,
v, and 6 axes) per floor. The definitions of story and floor used in this report are described in the
figure.

The equation of motion for a damped system subject to external loads is given by

Mii(f) + Cu(f) + Ku(?) = P(¢) (1)

where u(?) is a displacement response vector including displacement in the x and y axes and rota-
tion in the # axis. M, C, and K, are mass, damping, and stiffness matrices, respectively. P(?) is a
vector of external force time histories.

These coupled equations of motion can be transformed into a set of uncoupled equations by
modal analysis. Each uncoupled equation is analogous to the equation of motion for a single de-
gree of freedom system, and can be solved.

By using separation of variables, the total displacement of the structure u(¢) is represented as
the summation of its modal contributions, and is dependent on mode shapes ® and generalized
coordinates q(z).

u() =0 q()
=3 da.) *

where @, and ¢, are mode shape and generalized coordinate in the k™ mode, respectively.
The modal parameters in the modal analysis, including the natural frequency @, damping
ratio &, and mode shape ®, are the fundamental elements that describe the motion of a struc-

ture under forced excitation, and can be obtained from the eigenvalue problem of the equation of
motion of the undamped, freely vibrating system.

[K-o’M]®=0 (3)

The n™ mode generalized equation of motion in modal analysis used in DAD is

*

m,i(t)+c,q(t)+k,q(t) = p, (?) (4)

where the n™ mode generalized mass m, , damping c, , stiffness k,, and force p, are defined,

n?’

respectively, as



o ()
P.()=¢,P(®)

By solving a set of uncoupled equations (Eq. (4)) and accumulating the contribution of their
solution to the response, the total displacement, velocity, and acceleration can be obtained (Eq.
(2)).

Figure 2 shows a model of N-story building. Each mass has three degrees of freedom (i.e., x,
v, and 6 axes) and is located on each floor. Definitions of story and floor used in this report are
described in the figure. For any given wind direction, wind loads corresponding to the three
coordinates are applied at each mass center.

[

Wind loads Story Floor

Py(t)

Pui(t)

Py o(2)

Ps(1)

Pi(2)

Pi(?)

Figure 2. Schematic model of a building

3.2 Wind load modeling using the aerodynamic database

DAD employs wind-induced pressure time series on the envelope of the building for each given
wind direction. The pressure time histories can be obtained from wind tunnel tests or CFD simu-
lations. This section focuses on load modeling based on wind tunnel tests.

The pressure data on the structure’s envelope are generally expressed as non-dimensional
pressure coefficient C, based on the hourly mean wind speed V' at building roof height H:

P
c, =L+ ©)
Y



where p is the net pressure relative to the atmospheric pressure. p is air density (1.225 kg/m”) for
dry air at sea level under standard atmospheric conditions.

The pressure coefficients may typically be assumed to be identical for the model and the
prototype. The pressure time series of the prototype can then be obtained. Prototype wind loads
at each mass center along the building height can be calculated using pressures at measuring
points and the associated tributary areas (Figure 2).

From the similarity requirement for the reduced frequency (fD/V), where f is sampling fre-
quency and D is the characteristic dimension of the structure, it follows that the time interval
At, at prototype scale is

D
At =—"ﬁAtm (7)
! Dm Vp

where D,/D, is the length scale, V,,/V, is the velocity scale, and Af, is the time interval (i.e.,

the reciprocal of the sampling frequency f,,) at model scale. The subscripts p and m stand for pro-
totype and model, respectively. The time interval Az, depends on the wind speed V.

3.3 Influence coefficients for determining internal forces

The modal equations of motion (Eq. (4)) are solved using the wind loads and the time interval at
prototype scale from the previous section. Effective lateral loads P.(¢) acting on each floor mass
are

P(t)=P(t)—mii—cu (8)
These effective lateral loads, corresponding to each wind direction and speed are combined with

dead and live loads using load combination cases specified by ASCE 7-05, Section 2.3:
For strength design,

1.2D+1.0L+1.0W (LCD) 9
09D +1.0W (LC2) ©)

For serviceability design,
1.0OD+1.0L+1.0W (10)

where D is the total dead load, L is the live load, and W is the wind load. Note that the load factor
is not applied to the wind load because the DAD approach yields wind effects with the requisite
mean recurrence intervals provided by structural engineer. A different load factor for the live
load may be used in Eq. (10) depending upon the engineer’s judgment.

These combined loads act on each floor mass in the directions x, y, of the building’s princip-
al axes, in the rotation 6, and in the vertical direction z. When these loads are multiplied by ap-
propriate influence coefficients of the structure, they yield the internal forces in any structural



member. The influence coefficients consist of the internal forces or moments in any member due
to a unit load with specified direction acting at the mass center of any floor. The influence coef-
ficients of a building model can be obtained using a finite element analysis program.

HR DAD RC is coded to obtain internal forces at three sections of each structural member.
For example, the three locations can be the member’s two ends and midpoint. However, in some
instances the critical sections, as defined by ACI 318 specifications, may occur at other locations.
The influence coefficients required to obtain the internal forces must be calculated accordingly.

3.4 Response database

DAD calculates response databases for a sufficient number of wind directions and speeds. The
databases contain information on structural responses induced by combined gravity and lateral
wind loads. The structural responses used in DAD are demand-to-capacity indexes, inter-story
drift, and peak accelerations. Details are provided in Chapter 4.

For the design of structural members, response databases pertaining to demand-to-capacity
indexes are obtained for individual structural members (e.g., columns and beams) for the wind
directions and speeds of interest. The index “ B; M>> for columns pertains to interaction equations

for axial load and bending moments; for beams the index is based on the bending moment. The
index “ B;T ” for columns and beams is associated with interaction equations for shear forces and

torsional moment.

For serviceability design, response databases for inter-story drift are obtained along speci-
fied column lines, and response databases of peak accelerations are obtained at the corners of the
top floor. If higher modes participate in the response the peak accelerations may occur at floors
other than the top floor.

The wind directions 6,, in the response databases include directions in increments of 10 °,
ie.,0°10°,20°,...,360 ° (Figure 3). The wind speeds include all speeds in the range of in-
terest in increments of, say, 10 m/s, e.g., from 20 m/s to 80 m/s. Using interpolation techniques
the structural response can be obtained for any wind direction and speed within the specified
ranges. As noted earlier the directions for which the responses are provided in the response data-
bases are referenced to the principal axes of the building (i.e., the x and y axes in Figure 3). The
response databases are independent of wind climate.

3.5 Peak directional response

Structural responses to directional wind are obtained by combining the directional wind speeds
of the wind climatological database with the response databases. The wind climatological data-
base for the calculations presented in this report is based on a wind speed dataset of 999 simu-
lated hurricanes for 16 directions (Batts et al. 1980). The wind climatological database is public-
ly available at www.nist.gov/wind.




North

Wind

Figure 3. Wind directions

The database sets in the NIST website consist of one-minute mean hurricane wind speeds in
knots at 10 m above the ground in open terrain near the coast line. The 16 wind directions are
from 22.5° to 360° in 22.5° clockwise increments from the North. Those speeds are converted to
hourly mean speeds (m/s) at the rooftop of the building corresponding to the terrain exposure at
the site. Providing the original and converted wind climatological database is incumbent on the
wind engineering consultant.

DAD also accounts for building orientation, defined by the angle ay in Figure 3. Because the
wind direction 6,, angle in the response database is not identical to the wind direction angle a in
the climatological database (Figure 3), each wind direction in the wind climatological database
should be rotated by the orientation angle oy.

For each storm event DAD retains only the largest of the directional responses induced the
wind speeds associated with that event. A one-dimensional vector of the largest responses so ob-
tained, whose dimension is equal to the number of storm events in the wind climatological data-
base, is thus produced. The peak responses corresponding to the mean recurrence intervals
(MRIs) of interest are then calculated from this vector using a non-parametric estimation method
presented in Section 3.7. It is again emphasized that the estimated peak responses with specified
mean recurrence intervals are obtained for wind load effects, not for wind loads.

3.6 Veering effects

The DAD methodology can account for veering as a function of height above ground, surface
exposure, and angle of latitude of the building’s location. The response database is calculated
from the aerodynamic database whose reference wind speed is measured at the top of the build-
ing. On the other hand, before conversion to the height of the top of the building, the wind clima-
tological database is referenced to speeds at the standard elevation (typically 10 m). The conver-
sion of the wind speeds at 10 m to mean hourly speeds at the height of the top of the building
must therefore be accompanied by a rotation (Yeo and Simiu, (2010).

10



3.7 Peak wind effects with specified MRIs

The time series of peak wind effects induced by each storm event in the wind climatological da-
tabase is used to obtain the requisite peak wind effect with the specified MRI. The time series is
rank ordered, the largest wind effect having rank one, and the non-parametric estimation method
described in Section 2.4.3.2.2 of Simiu and Miyata (2006) can be employed.

Based on the assumption that the occurrence of storm events is a Poisson process with con-

stant occurrence rate, the estimated MRI N, associated with k™ ranked peak wind effects is

szn-f-l
vk

(11)

where 7 is total number of storm events in the database. Interpolation is used where necessary.

3.8 Adjustment of demand-to-capacity indexes

According to ASCE 7-05, Section C6.6, it is prudent for estimates based on the wind tunnel me-
thod to be not less than 80 % of the corresponding estimates based on the ASCE 7 analytical me-
thod. For practical reasons this requirement applies to estimates of peak overturning moments in
the principal axes with MRIs specified in the Standard.

Calculations of overturning moments based on ASCE 7-05 are performed by using the im-
portance factor 0.87 (Risk Category I buildings), 1.0 (Risk Category II buildings), and 1.15 (Risk
Category III or IV buildings) (Table 6-1, ASCE 7-05). Twenty-four load cases using equivalent
static wind loads are employed in accordance with combinations of wind loads defined in Figure
6-9 of ASCE 7-05.

The peak overturning moments determined by the DAD procedure for the MRI correspond-
ing to appropriate ASCE 7 Risk Category are estimated by using response and climatological da-
tabases. If the moments in DAD are less than 80 % of those determined in accordance with Sec-
tion 6.5 of ASCE 7-05, the demand-to-capacity index is adjusted as follows:

B; =vB;
0.8 (12)
V= MODAD/M:SCE7

where M P*”and M /*“*7 are the overturning moments at base obtained from DAD and Section
6.5, ASCE 7-05, respectively, and y is the index adjustment factor. If the moment in DAD is not
less than 80 % of the ASCE 7-05 value, the index need not be modified (i.e., B; = Bl.j ).

3.9 Compliance with design criteria

Once peak responses (i.e., demand-to-capacity index, inter-story drift, and acceleration) for spe-
cified MRIs are obtained, DAD verifies if the peak responses satisfy design criteria for safety
and serviceability.

Peak demand-to-capacity indexes accounting for ASCE 7 limitations on overturning mo-
ments must be equal to or less than unity for any structural member with an appropriate MR1, i.e.,

11



B <1and B, <1.If these relations are satisfied, the structural members are adequately de-

signed for axial force and bending moments, and for shear force and torsional moments, respec-
tively.

The peak inter-story drift ratio (defined as the ratio of drift to story height, see Eq. (18)) is
not limited by ASCE 7-05 requirements. However, the ASCE 7-05 Commentary suggests limits
on the order of 1/600 to 1/400 (see Section CC.1.2 in ASCE 7-05). If the peak inter-story drift ra-
tio with a 20-year MRI is equal to or less than the suggested limit, the design is adequate for in-
ter-story drift. This criterion may be changed as judged appropriate by the building owner and
designer.

Peak resultant accelerations at the top floor are also not limited by ASCE 7-05. This study
assumes a limit of 25 mg for a 10-year MRI for office buildings (Isyumov et al. 1992). If peak
acceleration for MRI = 10 year is not greater than this limit the design is adequate for peak acce-
leration.

The procedure outlined in Sections 3.1 to 3.8 is repeated as needed with a modified structur-
al design (e.g., by resizing members or by installing dampers) until the results satisfy the design
criteria.

12



4. Structural responses considered in design

The loads induce in the structure three types of response considered in design: demand-to capaci-
ty indexes (Sect. 4.1), inter-story drift (Sect. 4.2), and accelerations at the top floor (Sect. 4.3).

4.1 Demand-to-capacity indexes

A demand-to-capacity index is a quantity used to measure the adequacy of a structural member’s
strength. In general, this index is defined as a ratio or sum of ratios of the internal force induced
by design loads to associated strength provided by the section. The design strength in
HR DAD_ RC is based on the Building Code Requirements for Structural Concrete and Com-
mentary 318-08 (hereinafter ACI 318-08). An index higher than unity indicates inadequate de-
sign of a structural member; the index must be less or equal to unity for the design satisfaction.
The HR DAD RC software employs two demand-to-capacity indexes: (1) for axial and/or flex-
ural loads, and (2) for shear and torsion.

The index “B; M> pertains to interaction for axial load and bending moments for columns

and bending moments for beams:

M

BM = —u_ (for a tension-controlled section)
! ¢7’1M7‘l
(13)
P . .
= p }) (for a compression-controlled section)
pon

where M, and P, are the factored bending moment and axial force at the section, M,, and P, are
the nominal moment and axial strengths at the section, and ¢, and @, are the reduction fac-
tors for flexural and axial strengths, respectively.

For columns subject to bi-axial flexure loads, the PCA (Portland Cement Assosication) load
contour method (PCA 2008) is used for tension-controlled sections:

M - M M M
B[I_’M — ux 1 ﬂ + uy fOV uy > noy
M B ) oM M.~ M

nox M noy ux nox (1 4)
— Mux + uy (1 — ﬁj fOl" T Tuy < noy
¢M7l0}( ¢M}’l0y ﬂ Mux M}’LOX

where M, is the factored bending moment about x-axis, M, is the factored bending moment
about y-axis, M,,, 1s the nominal uniaxial moment strength about x-axis, M,,, is the nominal un-
iaxial moment strength about y-axis, and f is a constant in relation to properties and details of the
member (0.65 is used as approximation).

The Bresler reciprocal load method in ACI 318-08 (R10.3.6) is used for compression-
controlled sections:
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where P, 1s the maximum uniaxial load strength of the column with moment M,, (= P, e; e, 1s
the eccentricity along y-axis), P,, is the maximum uniaxial load strength of the column with
moment M,, (= P, e; e, is the eccentricity along x-axis), and P, is the maximum axial load
strength with no applied moments.

The index “ B; " is associated with interaction equations for shear forces and torsional mo-

ment for columns and beams:

2

\/V2+(T”phbwdj
! 1.74 %

B = o (16)

4,(V.+V,)

where V. and V; are the nominal shear strengths provided by concrete and by reinforcement, re-
spectively, V, is the shear force, T, is the torsional moment, ¢, is the reduction factors for shear

strengths, p; is the perimeter enclosed by the centerline of the outermost closed stirrups, 4, is
the area enclosed by the centerline of the outermost closed stirrups, b,, is the width of the mem-
ber, and d is the distance from extreme compression fiber to the centroid of longitudinal tension
reinforcement.

For members subject to bi-axial shear forces, the index is

2
I,p,b,d
vr . oh
By = (17)
' 4.V +7.)

where V. and V,, are the shear forces in the x and y axes, respectively.
4.2 Inter-story drift

The time series of the inter-story drift ratios at the i story, d;(t) and d;,(f), corresponding to
the x and y axes, are:
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where x,(f), y{?), and 0,(¢) are the displacements and rotation at the mass center at the i floor,
D, and D;, are distances along the x and y axes from the mass center on the i" floor to the point
of interest on that floor (Figure 4), and #; is the i story height between mass centers of the i™
and the i-1™ floor.

The ASCE 7-05 Commentary (2005) suggests limits on the order of 1/600 to 1/400 (see Sec-
tion CC.1.2 in ASCE 7-05).

L D, q Column line
[; 1 /_ of interest

D,

X;

Figure 4. Position parameters at floor i for inter-story drift

4.3 Top floor acceleration

The time series of resultant acceleration at the top floor, a,(f) are yielded in HR_DAD_RC by the
expression:

a.0)=\[,0)-D,,, 0, ® +[3,,©+D,,.8,0] (19)

where accelerations %, (1), ¥,,(t), and 9;01] (t) of the mass center at the top floor pertain to

the x, y, and 6 (i.e., rotational) axes, and D, and Dy, are the distances along the x and y axes
from the mass center to the point of interest on the top floor.

The resultant value of Eq. (19) is used, rather than accelerations along the principal axes,
because peak acceleration is of concern for human discomfort regardless of its direction. While
ASCE 7-05 does not provide wind-related peak acceleration limits, for office buildings a limit of
25 mg with a 10-year MRI was suggested by Isyumov et al. (1992) and Kareem et al. (1999).
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5. Application to a 60-story CAARC building

A 60-story reinforced concrete building with rigid diaphragm floors (Figure 5) was designed us-
ing the High-Rise Database-Assisted Design for Reinforced Concrete structures (HR_DAD RC)
software. The dimensions of the building are 45.72 m width (dimension B in Figure 5), 30.48 m
depth (D), and 182.88 m height (H), and define the Commonwealth Advisory Aeronautical Re-
search Council (CAARC) building studied by various researchers (Melbourne 1980; Venanzi
2005; Wardlaw and Moss 1971). The building has a moment-resisting frame structural system
similar to the structural system studied by Teshigawara (2001), and consists of 2880 columns
and 4920 beams, in addition to rigid diaphragm slabs. The building was assumed to be located
near Miami, Florida and to have suburban exposure.

1lilalm waili
AL LU LR L
A AL A A A AR AN AEEENNEE R AN A LA AN

3-D view Plan view Side view Front View

Figure 5. Schematic views of a 60-story building
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5.1 Modeling of a building

The building was first designed by using the algorithm in Section 6.5, ASCE 7-05. Once initial
dimensions of members in the building were obtained, natural frequencies of vibration and mode
shapes were calculated by modal analysis using a finite elements analysis program. The modal
damping ratios were assumed to be 2 % in all three modes considered in this study (Table 1).

As shown in Figures 5 and 6, structural members of the building consist of columns, beams,
and slabs. (The design of the slabs was not performed in this study.) Columns were categorized
as corner and non-corner columns. Beam members were divided into exterior (spandrel) and in-
terior beams. The building is comprised of six sets of members. Each set consists of 10 stories
for which the member dimensions are the same. The first set applies to the first ten stories, the
second to the next ten stories, and so forth. The compressive strengths of concrete for all mem-
bers are 80 MPa from the 1% to the 40™ story and 60 MPa from the 41% to 60" story. The dimen-
sions and reinforcement details are listed in Table 2. Columns have longitudinal reinforcement
uniformly distributed along the sides and hoops, and beams have tensile and compression rein-
forcement and stirrups. The yield strengths of reinforcements are 520 MPa for longitudinal bars
and 420 MPa for hoop or stirrup bars. Wind effects were calculated for a typical set of 96 mem-
bers (Table 2).

Table 1. Dynamic properties of a building

Ist 2nd 3rd
Mode
(y dir.) (x dir.) (6 dir.)
Natural frequency [Hz] 0.165 0.175 0.200
Damping ratio [%] 2.0 2.0 2.0

5.2 Dynamic analysis using aerodynamic database

Time histories of aerodynamic wind loads on each floor were calculated from time-series of
pressure on a rigid wind tunnel model of the CAARC building, measured for winds with direc-
tions with 10° increments for suburban terrain exposure. The wind tunnel tests were performed at
the Inter-University Research Center on Building Aerodynamics and Wind Engineering (CRIA-
CIV-DIC) Boundary Layer Wind Tunnel in Prato, Italy (Venanzi 2005). Note that for buildings
sensitive to aeroelastic phenomena, synchronous pressures must also be measured on an aero-
elastic model under a range of wind speeds and directions for which aeroelastic responses occur
(Diana et al. 2009). However, in this study aeroelastic effects are assumed not to be present.

Dynamic analyses of the building were performed by using wind loads corresponding to
wind speeds of 20 m/s to 80 m/s in increments of 10 m/s, using the directional pressure data ob-
tained from the wind tunnel tests for suburban terrain exposure. Time series of displacements
and accelerations at the mass center on each floor were obtained, and effective lateral loads on
all floors were calculated for each wind speed and wind direction.
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Figure 6. Plan view of building with locations of selected members (ay = 90°)

(cc = corner column; cn = non-corner column; be = exterior beam; bi = interior beam)

Two load combinations, LC1 and LC2, associated with wind and gravity loads for each
wind direction and speed (Eq. (9)) were considered for strength design. One case (Eq. (10)) was
considered for serviceability design.

5.3 Response database

Response databases for demand-to-capacity indexes, inter-story drift, and peak acceleration,
were calculated for the wind directions and speeds being considered in each load combination
case. For strength design, the response database for the demand-to-capacity indexes (Eqgs. (13)
and (16)) were calculated for each individual member. For serviceability design, response data-
bases for inter-story drift and acceleration (Eqgs. (18) and (19)) were calculated for a column
line and a top floor corner, respectively.

Response databases of demand-to-capacity indexes are shown for a corner column (cc) un-
der LC2 in Figure 7 where 6, is the wind direction (Figure 3). Figures 8 and 9 show response da-
tabases for y-axis inter-story drifts on the 43™ story and the response database for the resultant
acceleration on the top floor of the corner at the intersection of the front and left sides (Figure 6),
respectively.
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Table 2. Section dimensions and reinforcement details of structural members

Name Story Section Longitgdingl bar Hoop or stirrup Selected
[mm x mm] (Longitudinal) [spacing: mm)] member

51 ~60™ 750 x 750 12-D29 4-DI13@200 6,12, 18,24 (51% st.)
419 ~50™ 750 x 750 12-D29 4-DI13@200  5,11,17,23 (41% st.)
Comer 35 4 800 x 800 16 - D32 4-DI13@200 4,10, 16,22 (31% st.)
Co(trim 215 -30™ 850 x 850 20 - D32 4-D16@200  3,9,15,21 (21%st.)
111 ~20® 900 x 900 20+12 - D43 4 - D16@200 2,8, 14,20 (11" st.)

1t ~10" 1100 x 1100 24+16 - D43 4 - D16@200 1,7,13,19 (1% st.)
51 ~60™ 750 x 750 12 - D25 4-DI13@200 6,12, 18,24 (51% st.)
419 ~50™ 750 x 750 12 - D25 4-DI13@200  5,11,17,23 (41% st.)
Non-comer 35ty 800 x 800 12 - D25 4-D16@200 4,10, 16,22 (31%st.)
C(zlcurjn 215 -30™ 850 x 850 16 - D29 4-D16@200  3,9,15,21 (21%st.)
11" ~20™" 900 x 900 20+12 - D43 4-D16@200  2,8,14,20 (11" st.)

1t ~10" 1100 x 1100 20+16 - D43 4 - D16@200 1,7,13,19 (1" st.)

51%~60™ 400 x 700 4-D32/2-D32 2-DI13@150 6, 12, 18, 24 (roof)
415 ~50™" 400 x 700 4+4 -D32/3-D32 2-DI6@150 5, 11,17,23 (50™ fl.)
Exterior 3 ys 4 450 x 750 4+4 -D36/4-D32 4-DI6@I150 4,10, 16,22 (40™ L)
b(i:)n 215 -30™ 500 x 750 5+5-D36 /4 - D36 4-DI6@150  3,9,15,21 (30" fl.)
111 ~20® 550 x 750 5+5-D43 /4 - D36 4 -D16@]150 2,8, 14,20 (20" f1.)

1 ~10" 550 x 800 5+5-D43 /4 - D36 4-DI16@150 1,7,13,19 (10" f1.)

51%~60" 400 x 700 4-D29/2-D29 2-DI13@150 6, 12, 18, 24 (roof)
415 ~50™" 400 x 700 4+4 -D32/2-D32 2-DI3@150 5, 11,17,23 (50™ fl.)
Interior 375ty 450 x 750 4+4-D36/3 - D32 4-DI3@I150 4,10, 16,22 (40" 1)
b;:n 215 ~30" 500 x 750 5+5-D36 /4 - D36 4-DI3@150  3,9,15,21 (30" fl.)
111" ~20™ 550 x 750 5+5-D36/4 - D36 4 -DI3@150 2,8, 14,20 (20" f1.)

1*t~10" 550 x 800 5+5-D36 /4 - D36 4-DI3@150 1,7,13,19 (10" f1)

Note: ccl~cc24 for corner columns; cnl~cn24 for non-corner columns; bel~be24 for exterior beams; bil~bi24 for
interior beams; st. for story; fl. for floor.
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Figure 7. Response database: demand-to-capacity index (member ID = cc7)
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5.4 Directional responses

Structural responses under wind at the building location were obtained by applying to the re-
sponse databases the directional wind speeds from the climatological database at a building loca-
tion. The climatological database used in the study is a dataset of 999 simulated hurricanes with
wind speeds for 16 directions near Miami, Florida (Milepost 1450), and was obtained from
www.nist.gov/wind. The angles a indicating those directions are from 22.5° to 360° clockwise
from the North in 22.5° increments. Figure 10 shows directional hurricane wind speeds accord-
ing to the 16 directions at Miami. In this study, the orientation angle of the design building is ay
=90° clockwise from the North, that is, the front side of the building faces South.

This study assumed suburban terrain exposure (i.e., Exposure Category B) in all directions.
DAD obtained directional responses by calculating responses corresponding to hourly mean
wind speeds (m/s) and the associated directions at the rooftop in suburban terrain exposure. The
wind speeds were converted from 1-minute hurricane wind speeds (in knots) at 10 m above
ground in open terrain exposure to hourly wind speeds at the elevation of the top of the building,
and then applied to the response databases, given the building orientation ay. Veering effects (see
Yeo and Simiu (2010) were not considered in this study.

1807

Figure 10. Hurricane wind speeds (Miami)
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The peak response database consists in each case of the respective vector of the 999 largest
responses (Eq. (11)). Examples of peak response databases for LC2 are shown for demand-to-
capacity indexes of a corner column of cc7 (Figure 11), inter-story drift of the front-left corner at
the 43" story (Figure 12), and peak accelerations of the front-left corner of the top floor (Figure
13). The figures show that the peak responses increase monotonically with MRI. Note that the
peak responses of inter-story drifts and accelerations along both principal axes do not occur at
the same time.

- hilf’.\f
——— BI.II-‘I
0 | | | | | | | |
0 200 400 600 800 1000 1200 1400 1600 1800
MRI [years]
Figure 11. Peak response database: demand-to-capacity index in Load Case 2 (LC2)
(member ID = cc7)
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Figure 12. Peak response database: inter-story drift
(the front-left corner at the 43™ story)
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Figure 13. Peak response database: acceleration
(the front-left corner of the top floor)

5.5 Adjustment of demand-to-capacity indexes

As an option, DAD accounts for the ASCE 7-05 design requirement that forces and pressures es-
timated through wind tunnel testing are to be limited to not less than 80% of its ASCE 7-based
counterpart (see ASCE 7-05 Section C6.6). This study calculated ASCE 7-based overturning
moments in the principal axes (i.e., x and y axes) of buildings with Risk Category “II”’ and “III or
IV” and compared them to the peak overturning moments determined by the DAD procedure for
MRI = 700 years and 1700 years, respectively.

As shown in Table 3, ratios of overturning moments from DAD to those from ASCE 7 are
less than 0.8 for both MRIs; the corresponding index adjustment factors y (Eq. (12)) are 1.16 and
1.19, respectively. Adjusted peak demand-to-capacity indexes for both MRIs were obtained by
multiplying the indexes by the adjustment factors.

Table 3. Overturning moments and adjustment factor

MRI = 700 years MRI = 1700 years
ASCE 7 DAD ASCE 7 DAD
M, [¥10° kKN'm] 6.10 422 7.01 4.70
M,, [x10° kN-m] 3.36 2.64 3.87 2.86
MPP [ AASeET 0.69 0.67
MDP® M 0.79 0.74
y 1.16 1.19
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5.6 Peak response for specific MRIs

Peak responses were obtained for adjusted demand-to-capacity indexes corresponding to the
MRIs of 700 and 1700 years. Maximum values of peak adjusted demand-to-capacity indexes for
the 96 selected members are summarized in Table 4 as functions of the load combination being
considered. For the index B; M* the load combination case of LC1 governs. Significant differ-

ences between the LC1 and LC2 cases occur for the columns. In particular, the index for corner
columns changes noticeably if the MRI increases from 700 to 1700 years. This is due to the fact
that lower axial compression forces reduce the flexural strength of a column with a tension-
controlled section. For the index B;T* LC2 governs for columns and LC1 for beams. It is nota-

ble that the increases in both indexes are generally larger for columns than for beams as the MRI
changes from 700 years to 1700 years.

Peak inter-story drift and peak acceleration of the building were obtained from peak re-
sponse databases (Figures 12 and 13) for MRI = 20 years and MRI = 10 years, respectively.
Their maximum values in the two principal x- and y-axis and the associated resultant are summa-
rized in Table 5. Note that inter-story drift and acceleration are not modified by the adjustment
factor .

Table 4. Adjusted peak demand-to-capacity indexes

MRI = 700 years MRI = 1700 years
LC1 LC2 LC1 LC2
Coner B 0.94 0.74 1.04 1.01
column B 0.31 0.50 0.55 0.73
Non-corner B 1.00 0.74 1.08 0.84
column B 0.39 0.45 0.53 0.59
Exterior B 0.60 0.59 0.73 0.72
beam B 0.50 0.47 0.60 0.56
Interior B 0.67 0.66 0.79 0.78
beam B 0.64 0.60 0.75 0.70

g
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5.7 Compliance with design criteria

Once peak structural responses for specified MRIs are obtained, DAD verifies if the peak res-
ponses satisfy design criteria for safety and serviceability. Figure 14 shows adjusted peak de-
mand-to-capacity indexes accounting for ASCE 7 limitations on overturning moments. The in-
dexes in the figure are the maxima of the load combination cases LC1 and LC2. They indicate
that structural members were adequately designed for shear strength and have the capacity to res-
ist effects of interacting shear forces and torsional moment (i.e., B;T "< 1) corresponding to both

MRIs. However, some members do not have adequate axial and flexural strengths (i.e., Bl.f M >

1) for MRI = 1700 years. (A higher-than-unity index means than the corresponding member
must be redesigned to achieve stronger capacity.) The overall DAD results show that structural
members used in this study were designed more conservatively at higher floor levels, since the
indexes typically decrease with height. Differences between peak responses corresponding to the
two MRIs are member-dependent.

Table 5 shows peak inter-story drift ratios for MRI = 20 years and peak top floor accelera-
tions for MRI = 10 years. The peak inter-story drift ratio based on DAD is 0.0029 in the y direc-
tion. The ASCE 7-05 Commentary suggests limits on the order of 1/600 to 1/400 (see Section
CC.1.2 in ASCE 7-05). In this study this suggested criterion is not satisfied.

The peak top floor resultant acceleration based on DAD is 19.6 mg. This study assumed a
limit of 25 mg for a 10-year MRI for office buildings (Isyumov et al. 1992). The limit is greater
than the peak acceleration determined in this study. The design is therefore adequate for peak ac-
celeration.

According to the strength criteria, the design is not adequate for the axial and flexural
strength of columns for the 1700-year MRI. The design is also inadequate for peak inter-story
drift corresponding to a 10-year MRI. Therefore, the procedure outlined in Sections 5.2 to 5.6
should be repeated with a modified structural design until the corresponding results satisfy the
design criteria. This iterative, trial-and-error procedure is time-consuming. Therefore, an auto-
mated optimization procedure would be needed from the sake of both economy and computa-
tional efficiency. Such a procedure, which makes use of the DAD estimates of the response, is
currently under development. Provision for P-delta effects is planned for a future version of the
software.

Table 5. Peak inter-story drifts and peak acceleration

ASCE 7 DAD
x dir. ydir. x dir. ydir. res.
Inter-story drift ratio [x107™] 13 23 17 29 31
Acceleration [mg] 12.7 19.5 15.0 16.4 19.6

Note: res. denotes resultant.
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Figure 14. Design results for MRI = 700 and 1700 years (DAD)
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5.8 Comparisons of DAD- and ASCE 7-based designs

Figure 15 shows, for selected members, ratios of demand-to-capacity indexes based on DAD to
those based on the ASCE 7 analytical method:

DAD _ pASCE7
B, —B;
ASCET
Bij

R= (20)

where B;*““" is the demand-to-capacity index from ASCE 7, and B"” is the adjusted index

from DAD.

The results indicate that differences between DAD- and ASCE 7-based results are signifi-
cant in the column members. The ratio varies according to individual member, owing to the
stronger dependence on individual members of the index based on DAD. For columns, the ASCE
7-based results overestimate B;M 's for lower floors, e.g., by approximately 30 % for corner

columns in comparison with DAD-based results, but underestimate B;M 's for higher floors.
ASCE 7 overestimates most B;T indexes, by up to approximately 65 % for lower floors. For

beams, ASCE 7 overestimates the indexes at lower floors and underestimates them at higher
floors, by up to approximately 20 %. These comparisons show that the ASCE 7 analytical me-
thod can result in structural members that are either stronger or weaker than the more realistical-
ly designed members based on DAD.

Maximum inter-story drift ratio for MRI = 20 years and acceleration for MRI = 10 years
were also calculated by the ASCE 7-based method (Section C6.5.8 in ASCE 7-05), see Table 5,
yielding a maximum inter-story drift ratio of 0.0023. This is less than the value obtained by DAD,
which accounts for translational and rotational responses. The maximum acceleration is 19.5 mg
in the y direction. This is close to the 19.6 mg resultant obtained by DAD. Note that the ASCE 7
method can yield peak inter-story drift or peak acceleration values lower than those yielded by
DAD, meaning that the ASCE 7 estimates, based as they are on a physically simplified model,
can be unconservative. The larger DAD drift and acceleration values can be explained in part by
the fact that across-wind and torsional effects are accounted for in the DAD method but are dis-
regarded by the ASCE 7 Standard.
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6. Concluding remarks

This report presented the development of a Database-Assisted Design (DAD) procedure for rein-
forced concrete buildings, and its application to a 60-story building. The DAD procedure per-
forms dynamic analyses using simultaneous time-series of aerodynamic pressure data obtained in
the wind tunnel. It obtains displacement and acceleration time histories, effective lateral load
time histories at the mass center at each floor, and time-series of demand-to-capacity indexes for
axial force and moments, and shear force and torsion for any desired mean recurrence interval.
Response databases for each index were established for a sufficiently wide range of wind speeds
and for a sufficiently large number of wind directions. Response databases of inter-story drift
and acceleration were also obtained. The databases depend on the building’s aerodynamic, geo-
metric, structural, and dynamical features but are independent of the wind climate.

The study employed directional wind speed data of hurricanes for a Miami location, ob-
tained from the directional hurricane wind speed database listed on www.nist.gov/wind. De-
mand-to-capacity indexes were adjusted in accordance with ASCE 7-05 requirements.

The DAD methodology has the following advantages over frequency-domain procedures: (1)
it preserves all phase relationships, so structural responses due to combined effects (e.g., com-
bined effects in the directions of the principal axes of the building) are calculated by superposing
individual effects; (2) wind loads along the building height are based on the actual distribution of
the pressures as measured in the wind tunnel; (3) any modal shape, higher modes of vibration,
and mode coupling are easily accounted for.

DAD appropriately accounts for wind directionality using wind climatological data that may
need to be augmented by simulation, aecrodynamic data, and micro-meteorological data (i.e., ra-
tios of directional wind speeds in open exposure at 10 m above ground to their mean hourly
counterparts at the top of the structure). Estimated peak responses obtained from DAD are esti-
mated for the requisite mean recurrence intervals. This requires that the estimates be performed
in the wind effects space. The procedure requires the use of structural engineering design infor-
mation in the form, notably, of appropriate interaction equations specific to reinforced concrete
members. Provision for P-delta effects is planned for a future version of the software.

The procedure was illustrated through its application to a specific design of the CAARC
building. The conclusions based on this application would clearly differ for different types of
building or design. Software for implementing the DAD procedure used in this study is available
on www.nist.gov/wind.

DAD clearly separates the wind engineer's and the structural engineer's tasks. The wind en-
gineer’s task is to produce the requisite pressure time histories, wind climatological directional
data, and ratios of directional wind speeds at standard elevation in open terrain exposure to the
corresponding directional hourly mean wind speeds at the top of the structure. Once these data
are available, the structural engineer performs the requisite structural analyses and accurately de-
termines members’ demand-to-capacity indexes, inter-story drift, and top floor accelerations.
Therefore, the DAD procedure allows the design process to be controlled and scrutinized by the
structural engineer. DAD renders the design process clear and transparent, and makes the part-
ners in the design process clearly accountable to all stakeholders, including owners and building
inspectors. The design approach presented in this paper provides more accurate and clearer pre-
dictions of wind effects than conventional approaches, and is expected to be more economical
and efficient when used in conjunction with optimization.
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User’s Manual
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Appendix

High-Rise Database-Assisted Design Software
for Reinforced Concrete Structures

(HR_DAD_RC, version 1.0)

User’s Manual

developed by DongHun Yeo
Building and Fire Research Laboratory

National Institute of Standards and Technology

Updated May 1, 2010

Current version available at www.nist.gov/wind
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Disclaimer

Certain trade names or company products are specified in this document to specify adequately the
procedure sued. Such identification does not imply recommendation or endorsement by NIST, nor does it
imply that the product is the best available for the purpose. The “stand-alone” version of this software
requires installation of the MATLAB ' Component Runtime (MCR) Libraries provided by The
MathWorks, Inc. The author’s limited rights to the deployment of this program are limited by a license
agreement between NIST and The MathWorks. The license agreement can be found at
www.mathworks.com/license/. The author, NIST, and The MathWorks and its licensors are excluded

from all liability for damages or any obligation to provide remedial actions.

"MATLAB®. © 1984 - 2009 The MathWorks, Inc.
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1. New features of HR_DAD_RC

This software is the first version of HR_DAD for reinforced concrete structures. Previous HR DAD
programs have been developed for steel structures. HR DAD_ RC adds programs for reinforced concrete
structures and significantly improves the performance of the entire HR_DAD software.

1.1 General features

Like previous versions of HR_ DAD, HR_ DAD RC implements a procedure and format which accounts
for wind directionality and calculates demand-to-capacity indexes corresponding to the same specified
mean recurrence interval for all individual member of concern (for details see Simiu et al. (2008)). The
capability is unique to HR_DAD.

o FEstimation of peaks of member demand-to-capacity indexes
A demand-to-capacity index is the sum of ratios of internal forces (e.g., moment and axial force)
divided by the respective capacities. (This sum constitutes the left-hand side of the interaction
equation used in the design of individual members.) Two options are available. The default option
sums up the ratios for each time step of the full time series of the internal forces based on
observed peaks. A much faster but accurate alternative option uses an updated point-in-time
approach where the ratios are obtained for a limited number of points in time (e.g., 5 to 100).

o Number of internal forces in expression for member demand-to-capacity index
Instead of just three internal forces (axial force, moments about the principal axes of the member)
as in the HR _DAD software for steel structures, six internal forces are considered (axial force,
shear forces for two axes, torsional moment, and bending moments for two axes).

e Number of demand-to-capacity indexes
In addition to the demand-to-capacity index for axial force and bending moments, an index for
shear forces and torsion is calculated for structural members.

e FEffects of veering angle
Wind directions at top of a high-rise building are different from those at 10 m above ground due
to veering (change of wind direction with elevation). HR DAD RC has the capability for
accounting for the effect of veering on the demand-to-capacity indexes.

o Directional terrain exposure
Actual terrain exposures at the location of concern as functions of azimuth angles are taken into
account when converting reference speeds measured at meteorological stations to mean wind
speeds at the elevation of the top of the building. The converted speeds are used in conjunction
with aerodynamic databases obtained by accounting for the direction-dependent terrain exposure.

e Building orientation

The orientation angle of a structure is accounted for in the calculation of the response. If the
option of choosing the building orientation is available, the designer can determine the orientation
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of the structure that is optimal from a structural performance point of view. For this option to be
used directional aerodynamic data must be available for each individual building orientation.

1.2 Special features for RC

o Section details of RC members
RC members consist of beams, columns, and shear walls. Each type of member has different
features (e.g., width, depth, reinforcement details). HR DAD RC covers beams with either
tension reinforcement only or tension and compression reinforcement. Columns are based on
symmetric distribution of reinforcement in a rectangular section. Shear wall modeling is not
covered in the present report and is the object of an ongoing study.

e Demand-to-capacity indexes
These indexes are specific to RC structures.

2. Download and installation

HR DAD RC can be accessed via the internet site http:/www.nist.gov/wind. Under the heading “II.
Wind Effects on Buildings,” click the link “Wind Effects on Flexible Buildings”. This opens the main
page “HR_DAD — DAD Software for High-Rise Buildings”. The files are available in a bulleted list
under the heading “Files available for download”. In the following, the name of the associated bullet is
used for each set to files being downloaded.

From that list, consider first the bullet “Files for HR _DAD software.” Next to the title of the bullet item is
a link to the self-extracting file zip file “hr dad for RC.exe”, which contains the 18 MATLAB files
required to run the software. The user should download this *.exe file? and proceed to extract the 18 files
to a folder that the user specifies to store the files (e.g., C:\HR_DAD RC). The user can add this directory
to the MATLAB search path if necessary.

The user can run HR DAD RC by typing ‘HR DAD’ in the MATLAB command window when the
cursor is in the designated folder where the extracted files are located. The program opens a window
consisting of three pages (‘Modeling’, ‘Wind Effects’, and ‘Results & Plots”) that form the graphical user
interface (GUI).

3. User’s Guide

HR DAD RC has three main pages (Modeling, Wind Effects, and Results & Plot). The ‘Modeling’ page
is used to assign values to the variables used to model building and loads. The ‘Wind Effect” page is used

? Users using UNIX/Linux platforms should download the non-self-extracting.zip file “hr_dad _rc.zip”.
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to perform the requisite response databases and the associated peak responses with specified MRIs (Mean
Recurrence Intervals). The ‘Results & Plots’ page is used to show the results and the associated graphs.

Variable values can be loaded from a pre-assigned file by clicking ‘Load’ button at the left bottom corner
in any page. They also can be saved into a file by executing ‘Save’ button at the right bottom corner in
any page. The button of ‘Exit’ next to the ‘Save’ one enables to stop the program by clicking it.

Main computations of HR_ DAD_RC software are performed by two separate script files, “Program1.m”
and “Program2.m”, which are executed consecutively. Once all the variables are assigned in ‘Modeling’,
the first script file of the HR_ DAD RC, “Programl.m” performs dynamic analysis of a building and
calculates its response database by clicking the “Compute response database” button. This process
requires (1) the aerodynamic database of pressure time-histories under wind in each direction obtained
from wind tunnel testing or CFD procedures, and (2) relevant influence coefficients that can be obtained
from any commercial or in-house FEA programs. The results of this first computation are databases of
peak wind effects in each wind direction (e.g., demand-to-capacity index for strength design, inter-story
drift, and acceleration) for a sufficient number of wind speeds. They are named and saved in the locations
specified at the top of the “Wind Effects’ page.

The second script file “Program2.m” calculates, for specified MRIs, peak directional wind effects of the
building at a given geographical location. To account for wind climatological data at the building site, a
climatological database of hurricane and/or non-hurricane wind speeds for the location of interest is
needed. A set of simulated hurricane wind speeds may be downloaded via the link “Simulated Directional
Hurricane Wind Speed Data” bullet. The wind dataset must be saved in a folder, which is selected in the
‘Peak Responses’ section of the ‘Wind Effects’ page. Once the directory containing the simulated
hurricane wind speed files is selected, the appropriate milepost can be chosen from the climatological
database. The chosen milepost must correspond to the wind speeds at or near the building location. Other
directional hurricane wind speed databases may be used if available. For non-hurricane wind climates
observed wind speed data sets are used, which are augmented by numerical simulation as shown, e.g., in
Grigoriu (2009). Also required are micro-meteorological data obtained in the wind tunnel, consisting of
the ratio between the directional mean hourly wind speeds at the elevation of the top of the building and
the corresponding directional 3-s or 10-min wind speeds at the standard elevation (typically 10 m) of the
meteorological site.

Once both wind climatological and micro-meteorological data are available and “Programl.m” is
executed, “Program2.m” can be executed by clicking “Compute peak responses with specified MRIs” on
the bottom of the ‘Wind Effects’ page. The results of this second run are the peak directional wind effects
for a specified MRI that account for wind climatological data, building orientation, and directional surface
roughness around the building. They are named and saved in the locations specified on the bottom of the
‘Wind Effects’ page. Structural engineers must provide dynamic characteristics and influence coefficients
of the building. Wind engineers must provide the appropriate aerodynamic database, wind climatological
database, and micro-meteorological data set.

Finally, the page ‘Results & Plots’ allows the user to view the results of response database and peak
structural responses with specified MRIs obtained by executing “Program1l.m” and “Program2.m”.
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m Example of a 3D 60-story RC building

Consider a 60-story building (i.e., the CAARC building (Melbourne 1980)), with floors assumed to be
rigid diaphragms (Figure A-1). The building is 45.72 m (150 ft) in width (B), 30.48 m (100 ft) in depth
(D), and 182.88 m (600 ft) in height (H). It has a moment-resistant frame structure that consists of 2880
columns and 4920 beams.
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Figure A-1. Schematic views of a 60-story building
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1) Input for Running HR_DAD for RC

HR DAD requires as input information including details on the structural members, wind-induced
pressure coefficients on the external surfaces, and wind climatological data at the location of the structure,
as follows:

- Information related to details on structural members:
e Dimensions of members and their reinforcement details
- Information related to the dynamic properties of the structure:

e Mass and mass moment of inertia with respect to mass center for each floor
e Mode shapes, frequencies, and damping ratios

- Information related to structural loadings:

e Time varying loads applied at mass center of each floor, obtained from wind tunnel tests using a
rigid model
e Static loads applied to each member

- Information related to the wind climate at or near the building site:

e Databases of directional wind speeds for each type of wind occurring at the site (e.g., hurricane,
thunderstorm, synoptic winds)

e Information regarding the ratio between 3s-averaged wind speeds at 10m above in open terrain
and their 1hr mean wind speed counterparts at the top of the building for the terrain exposure at
the site.

2) Output from running HR_DAD RC

e Peak demand/capacity indexes for all members, corresponding to specified Mean Recurrence

Intervals (MRIs)

e Peak inter-story drift calculated at any point within column lines, corresponding to specified
MRIs

e Peak top floor acceleration calculated for corners of the top floor, corresponding to specified
MRIs

3) Details on Use of the Software

The following pages illustrate in detail how to input the information required for HR._ DAD RC. General
description of input variables and their associated format is provided in the subsequent pages.
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Page ‘Modeling’

Building Modeling:

Building Modeling
Basic infomation Building height [m]: Mo. of stories: Mo. of DOFs per floor:
180.22 60 3
Structural properties List af all members: Details of all members:
C\HR_DAD_RCUnputiRC _members_list.mat Select file... C:\HR_DAD_RClUnput\iRC_member_properties mat Select file...
Heights of floors:
C\HR_DAD_RCinputtheight_floors mat Select file...
Influence coefficients:
C\HR_DAD_RCUnputicif_all mat Select fie...
Dynamic properties Mo, of modes: Modal periods [s]: Mode shapes:
3 B6.05 57 5 C:'HR_DAD_RClUnputiModeShapes mat Select file...
Modal damping ratio [%]: Masgs:
222 C:'HR_DAD_RClUnputimass_asc.mat Select file...

Basic information

Building height

= Height of the building being designed (m)

— 182.88 (m) in the example

No. of stories

= Number of stories

— 60 (stories)

No. of DOFs per
floor

= Degrees of freedom per floor

— 3 (DOFs)

Structural propertie

S

List of members

= Load the MATLAB file containing list of members of the structure

The variable is named “mem_list” and can be saved in a mat file with an arbitrary
name.

The variable is a matrix with three rows and number of columns that make up the
structure. The first row contains the member numbers. The second row has types
of members using string characters (i.e., “C”, “B”, or “W” that represents column,
beam, and shear wall, respectively.) The third row contains the identifier of the
member defined in the second row (e.g., 1 for “C” means columnl, and 2 for “B”
means beam?2.)

mem_list (3, No. of members) =

1 2 n No. of members
1 1 2 10

— mem_list (3, 7800) is saved in RC members list.mat. The variable contains
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12 types of columns and beams, respectively.

Details of
members

= Load the MATLAB file containing the section properties
The file must have the following properties of the reinforced concrete sections:

® Width of members (b_member):

This variable is a matrix for member width that consists of rows of three member
types, and of columns whose number is the largest number of identifiers for any
of the member types. The identifier of the members is defined in the list of
members.

b_member (3, max. no. of identifiers in any type) =

columns b by ... bem
beams { bBl bBJ . an }
shear walls b'\'fl b'\": P b'\'fc

— b_member (3, 12) is saved in RC_members_properties.mat. The unit is mm.

Note: If the number of identifiers is different for the various types of members
(columns, beams, and shear walls), the largest value of any of the types of
members decides the column dimension of the variable. For member types with
fewer identifiers, the value beyond their identifier number is defined as zero.

o Height of members (h_member):

This variable is a matrix for member height that consists of rows of three member
types, and of columns whose number is the largest number of identifiers for any
of the member types. The identifier of the members is defined in the list of
members.

h_member (3, max. no. of identifiers in any type) =

columns hey he Ll hew
beams [ hBl hBJ . th }
shear walls h“'l h\ﬁ;} das h\yo

— h_member (3, 12) is saved in RC_members_properties.mat. The unit is mm.

Note: If number of identifiers is different for various types of members (columns,
beams, and shear walls), the largest value of any of the types of member decides
the column dimension of the variable. For member types with fewer identifiers,
the value beyond their identifier number is defined as zero.

e Compression strength of concrete (fc_conc):

The variable is a matrix for compression strength of concrete. It consists of rows
of three member types and columns whose number is the largest number of
identifiers for any of the member types. The identifier of members is defined in
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the list of members.

fc_conc (3, max. no. of identifiers in any type) =

columns faa Lo ... f. em
beams [ fﬂl f@: aens fﬂn }
shear walls fc_\‘;l fa_\‘r'l aaae fc_'\‘{o

— fc_conc (3, 12) is saved in RC_members_properties.mat. The unit is MPa.

Note: For member types with fewer identifiers, the value beyond their identifier
number is defined as zero.

® Lightweight aggregate concrete factor (lambda):

The variable is a matrix for the factor of lightweight aggregate concrete defined in
Section 5.8, ACI 318-08. It consists of rows of three member types and columns
whose number is the largest number of identifiers for any of the member types.
The identifier of the members is defined in the list of members.

lambda (3, max. no. of identifiers in any type) =

columns At e R Aem
beams { ?'~B1 ;1~BJ . }~Bn J
shear walls }..1_\'1 ?J_'Q deas }J_\'o

— lambda (3, 12) is saved in RC_members_properties.mat. The value of unity is
used for normal weight concrete.

Note: For member types with fewer identifiers, the value beyond their identifier
number is defined as zero.

® Yield strength of longitudinal reinforcement (fy_st):

The variable is a matrix for yield strength of reinforcement. It consists of rows of
three member types and columns whose number is the largest number of
identifiers for any of the member types. The identifier of the members is defined
in the list of members.

fy_st (3, max. no. of identifiers in any of the types of member) =

columns i Lo - fi_cm
beams { fsl;_Bl fﬂ_Bg . fit_Brl J
shearwalls | L w1 fiwo ... fi_wo

— fy_st (3, 12) is saved in RC_members_properties.mat. The unit is MPa.

Note: For member types with fewer identifiers the value beyond their identifier
number is defined as zero.
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® Area of tension reinforcement (Asl):

The variable is a matrix for area of tension reinforcement. It consists of rows of
three member types and columns whose number is the largest number of
identifiers for any of the member types. The identifier of the members is defined
in the list of members.

Asl (3, max. no. of identifiers in any type) =

columns Asici Asj ... AS)
beams As 1Bl ASI_B: vens As 1 Bn
shear walls As 1 Wi As 1 W2eooo As 1 Wo

— Asl (3, 12) is saved in RC_members_properties.mat. The unit is mm”.

Note 1: In this manual “tension reinforcement” and “compression reinforcement”
for columns are described below. The tension and compression reinforcement are
defined as reinforcement closest to the tension face and the compression face,
respectively. The reinforcement can consist of more than one layer.

» Asl (tensionreinforcement)

L
Moment
(\ ° °
¢
VK e
o o 0 o

»  As2 (compressionreinforcement)

Note 2: For member types with fewer identifiers the value beyond their identifier
number is defined as zero.

Note 3: Only a single layer of tension reinforcement is taken into account in this
program. When double layers of tension reinforcement are used, the area must be
calculated as for a single layer.

® Area of compression reinforcement (As2):

The variable is a matrix for area of compression reinforcement. It consists of rows
of three member types and columns whose number is the largest number of
identifiers for any of the member types. The identifier of the members is defined
in the list of members.

As2 (3, max. no. of identifiers in any type) =

columns Asycp ASy ... AS) o
beams AS;_Bl ASJ_BJ P AS;_BH
shear walls ASy w1 A8y wa... ASy wo

All




— As2 (3, 12) is saved in RC_members_properties.mat. The unit is mm?®.

Note 1: For member types with fewer identifiers, the value beyond their identifier
number is defined as zero.

Note 2: Only a single layer of compression reinforcement is taken into account in
this program. When double layers of tension reinforcement are used, the area
must be calculated as for a single layer.

® Area of total longitudinal reinforcement (As_ttl):

The variable is a matrix for area of total longitudinal reinforcement. It consists of
rows of three member types and columns whose number is the largest number of
identifiers for any of the member types. The identifier of the members is defined
in the list of members.

As_ttl (3, max. no. of identifiers in any types) =

columns Asici ASica ... AS: cm
beams Asip ASip ... AS; gy
shear walls As w1 ASiwn.... ASi wo

— As_ttl (3, 12) is saved in RC_members_properties.mat. The unit is mm®.

Note 1: For member types with fewer identifiers, the value beyond their identifier
number is defined as zero.

Note 2: Area of total longitudinal reinforcement is not always the sum of the area
of all reinforcing and compression reinforcement. When the section of a column
has intermediate reinforcement between tension and compression reinforcement,
the total area must include the area of all longitudinal reinforcement such as
tension, compression, and intermediate reinforcements.

e Distance from end part of concrete to center of tension reinforcement (d_1):
The variable is a matrix for the distance from the end part of concrete to center of
tension reinforcement. The distance is described in ACI 318-08. It consists of (1)
rows of three member types and (2) columns whose number is the largest number
of the identifiers in any member types. The identifier of the members is defined in
the list of members.

d_1 (3, max. no. of identifiers in any type) =

columns dl C1 dl €2 aees dl Cm
beams dl El dl Bl eees dl En
shear walls dl Wi dl W2 oeens dl Wo

— d_1 (3, 12) is saved in RC_members_properties.mat. The unit is mm.
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Note: For member types with fewer identifiers, the value beyond their identifier
number is defined as zero.

e Distance from end part of concrete to center of compression reinforcement
(d 2):

The variable is a matrix for the distance from the end part of concrete to the
center of compression reinforcement. The distance is described in ACI 318-08. It
consists of rows of three member types and columns whose number is the largest
number of identifiers for any of the member types. The identifier of the members
is defined in the list of members.

d_2 (3, max. no. of identifiers in any type) =

columns d: 1 d: €2 aene d.: Cm
beams { d: El d: B2 ees d.: En }
shear walls d: Wi d: W2 e d.: Wo

—d_2 (3, 12) is saved in RC_members_properties.mat. The unit is mm.

Note: For member types with fewer identifiers, the value beyond their identifier
number is defined as zero.

® Distance from end part of concrete to center of extreme tension reinforcement
(d b):

The variable is a matrix for the distance from the end part of concrete to center of
extreme tension reinforcement. The distance is described in ACI318-08. It
consists of rows of three member types and columns whose number is the largest
number of identifiers for any of the member types. The identifier of the members
is defined in the list of members.

d_b (3, max. no. of identifiers in any type) =
columns 0 0o ... 0
beams { db_Bl db_Bl . d'b_Bn :|
shear walls 0 0o ... 0
— d_b (3, 12) is saved in RC_members_properties.mat. The unit is mm.

Note 1: For member types with fewer identifiers, the value beyond their identifier
number is defined as zero.

Note 2: The variable is only for beams. When double-layer tension reinforcement

is used, variables of d b and d_1 are not identical.

® Yield strength of shear reinforcement (fy_st v):
The variable is a matrix for yield strength of shear reinforcement. It consists of
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(1) rows of three member types and (2) columns whose number is the largest
number of the identifiers for any of the member types. The identifier of the
members is defined in the list of members.

fy_st v (3, max. no. of identifiers in any types) =

columns fiver Live-- fit v cm
beams fivm Livmr . fi v B
shear walls Livwi Liewn... G v wo

— fy_st_v (3,12) is saved in RC_members_properties.mat. The unit is MPa.

Note: For member types with fewer identifiers the value beyond their identifier
number is defined as zero.

® Area of shear reinforcement (Av):

The variable is a matrix for area of shear reinforcement. It consists of rows of
three member types and columns whose number is the largest number of the
identifiers for any of the member types. The identifier of the members is defined
in the list of members.

Av (3, max. no. of identifiers in any types) =

columns Aver  Aver ... Aven
beams Avgy Avgr ... Avgy
shear walls Avyy Avyn ... Avy,

— Av (3,12) is saved in RC_members_properties.mat. The unit is mm”.

Note: For member types with fewer identifiers the value beyond their identifier
number is defined as zero.

® Spacing of shear reinforcement (s):

The variable is a matrix for spacing of shear reinforcement. It consists of rows of
three member types and columns whose number is the largest number of
identifiers for any of the member types. The identifier of the members is defined
in the list of members.

S_V (3, max. no. of identifiers in any types) =

columns 8¢ C1 Sv G2 e S¢ Cm
beams { Sy BL Sy B2 .--.- S¢ B J
shear walls S¢ Wi Sv W2 .- S¢ Wo

— S V(3,12) is saved in RC_members_properties.mat. The unit is mm.

Note: For member types with fewer identifiers the value beyond their identifier
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number is defined as zero.

® Area enclosed by the centerline of the outmost closed stirrups (Aoh):

The variable is a matrix for area enclosed by the centerline of the outmost closed
stirrups defined in ACI 318-08 (2008). It consists of rows of three member types
and columns whose number is the largest number of identifiers for any of the
member types. The identifier of the members is defined in the list of members.

Aoh (3, max. no. of identifiers in any types) =

columns Amct Amcr - Ach_Cm
beams [ Ao Bl Al - Ach Bn }
shearwalls | Agywi Agywa-... Ach_Wo

— Aoh (3,12) is saved in RC_members_properties.mat. The unit is mm.

Note: For member types with fewer identifiers the value beyond their identifier
number is defined as zero.

® Perimeter enclosed by the centerline of the outmost closed stirrups (Ph):

The variable is a matrix for perimeter enclosed by the centerline of the outmost
closed stirrups defined in ACI 318-08. It consists of rows of three member types
and columns whose number is the largest number of identifiers for any of the
member types. The identifier of the members is defined in the list of members.

Ph (3, max. no. of identifiers in any types) =

columns Pocti Pnca - Py cm
beams Pogi  Pum ... Pngn
shear walls Powi Pnwr ... P wo

— Ph (3,12) is saved in RC_members_properties.mat. The unit is mm.

Note: For member types with fewer identifiers the value beyond their identifier
number is defined as zero.

Heights of floors

= Load the MATLAB file containing the heights of all floors

The variable is named “H_floor” and can be saved in a mat file with an arbitrary
name. The variable is a row vector containing the heights of all floors and roof
except for the ground floor. For example, the heights of floors in a 60-story
building is:

[3.048, 6.096, ... , 182.88]
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Floor

--—- N (roof)

---- N-I(rop)

H_floor (No. of stories, 1) =
[height at 1* floor, height at 2™ floor, ... , height at roof]

— The variable H_floor (1,60) = [3.084 : 3.048 : 182.88] is saved in
height floors.mat. The unit is m.

Note: The figure above shows an N-story building that has mass (m;, m, ... , my)
at each floor. The heights of the floors are along the z axis in the figure above.

Influence
coefficients

= Load the MATLAB file containing the influence coefficients

The variable name must be “dif” and can be saved in a mat file with an arbitrary
name. The variable is a 3D array. The following description of dif is in reference
to the member showed in the figure below

Axis 1

12
M2 * Axis 2
V2 4
Tenmninal section

i '\r"} &Ij Mid section

® Axis 3

Initial section

Each face of dif contains the influence coefficients associated with the six internal
forces and moments (axial forces P, shear forces V2 and V3, torsion T, and
moments M2 and M3) that are induced by a unit force or moment applied to the
mass center of a given floor in one of the directions x, y, or 8. The internal forces
are assigned from the first column to the sixth column such as P, V2, V3, T, M2,
and M3. The first 3xNfloors rows (Nfloors is the number of floors of the
structure) contains influence coefficients in the initial section. The second and the
third 3xNfloors rows are for the influence coefficients in the mid section and in
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the terminal section, respectively. Each Nfloors row contains influence
coefficients in the x direction first from the first story to the highest story, then
those in the y direction, and finally those in the 6 direction. This makes up a total
of 3xNfloors rows for the influence coefficients of the each section. The total
9xNfloors rows are assigned in every column (i.e., force or moment) for a given
face. The index of each face identifies the member. For example, the ith face must
correspond to the member described in the ith column of the variable mem_list.
The array size is (9xNfloors, 6, No. of members).

In an i member, mem list (:, :, i)=

P V2 V3 T M2 M3
I a Iz a1 Tusa I Ve hisa
L% Tvaa Tusa Tra Iz n s a
Ip_atloors Lirr_sifisors Lis_sificors It Nfoor Inaz_evfloors Ints_sefioors

Initial section I, Iy T It I husn
L Iy T It Ivon Lusn

3 Nfloors : : : : : :

IPJNﬂnnr; I\.'”,‘_\'Nﬂnnm ]\55 _yNfloars ITJ Nfloors IM]_\'?‘{ﬂnnr; IMi_rN{nm‘s
Lha Lo Lo s ho st hesar
Lo I g Tna It hay et Lasa
Ir_entoor Tva_svaoer Tus_svacer Ir_ovgteor Iy _afioor: Tus_evfloor:

Mid section
3 Nfloors

Termunal section

3 Niloors

— The variable dif (540, 6, 7800) is saved in dif all.mat. The variable contains
12 types of columns and beams, respectively. The units used in this example are
N for force and N-m for moment.

Note: The three sections of a structural member considered in the influence
coefficients are not necessarily the member’s ends and midpoint. They should
include the critical sections defined in accordance with specifications in ACI 318,
which may occur at other locations.

Dynamic properties

No. of modes

= Number of vibrational modes to be considered in the analysis
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— 3 (modes)

Modal Periods = Modal periods of the vibrational modes (s)
— [6.05 5.70 5.00] (sec)
Note: Multiple variables must be input using square brackets as shown
Mode shapes = Load the MATLAB file (.mat) containing the mode shapes
The variable is named “evectors” and can be saved in a mat file with an arbitrary
name.
Number of column vectors = number of mode shapes (lowest from the left).
Each column has the x-coordinates, y-coordinates, and then #-coordinates.
evectors (Fdofs*Nfloors, No of modes) =
¢x1 ¢x1 ¢x1
(2% (29 ¢
______ o o oy
9 Py P
qj_)‘! ¢_}'2 (15,\-:
______ O o o
¢91 ¢|91 ¢91
far $a P
¢HX Ist mode ¢9.\’ 2nd mode ¢H.\’ 3rd mode
— evectors (180, 3) is saved in ModeShapes.mat
Modal damping = Modal damping as a percentage of critical damping (%)
ratio
—[2 2 2]1(%)
Mass = Load the MATLAB file containing the mass and mass moment of inertia

associated with each floor

The variable is named “mass” and can be saved in a mat file with an arbitrary
name. The variable mass is a column vector. The first 3 rows are associated with
the mass in the x-direction and in the y-direction (M, and M,)), and mass moment
of inertia in the #-direction (My) of the first floor. The next 3 rows are associated
with the second floor and so forth.

mass (3xNfloors, 1) =
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Mg
My
Mg,
M,
Mpg2

Mﬁ. floors

Ni,\'Nﬂunrs
lL MU}:ﬁmrs )

— The variable mass (180, 1) is saved in mass_asc.mat. The unit is kg for M, and
M,, and kg'm for M.
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Load Modeling:

Load factors

Gravity loads

Wyind loads

Wyind tunnel test data

Speed range

Lower limit requirement

Load Modeling

Dead loads: Superimposed dead loads:
1.2 1.2

Specify dead loads on prototype floors [M]:
C:\HR_DAD_RCiUnput\frames_Deadload mat Select file...
Specify live loads on prototype floors [M]:
C:\HR_DAD_RCiUnput\frames_Livel oad mat Select file...

Specify time-history wind loads in a model scale [M, M.m]:
C:\HR_DAD_RCMI_suburban|Fl_xxx
Mean wind speed [mfs]: Wind directions [deg.]:

23.2 0 10 20 30 40 50 60 7
Sampling rate [Hz]: Mo. of sampling points:

250 7504

Wind speeds for response databases [m/s]:
20 30 40 50 60 70 80

ASCE 7-based overturning moments [MN.m]:
C:\HR_DAD_RCUnputimoment_ovitn_ASCE mat Select file

Wyind loads:
1 1

Live loads:

Specify superimposed dead loads on prototype floors [N]:

C:\HR_DAD_RCUnput\frames_SDeadload mat Select file..

Model scale [A1]:
500

Threshaold point:
200

Load factors

Dead loads

= Dead load factor

— 1.2

Load factor of dead loads in a load combination of factored loads.

(from the load combination 1.2D + 1.0L + 1.6W using ASCE 7-05 Standards)

Super-imposed
dead load

= Super-imposed Dead load factor

— 1.2

Load factor of super-imposed dead loads in a load combination of factored loads.

(from the load combination 1.2D + 1.0L + 1.6W using ASCE 7-05 Standards)

Live loads

= Live load factor

— 1.0

Load factor of live loads in a load combination of factored loads.

(from the load combination 1.2D + 1.0L + 1.6W using ASCE 7-05 Standards)

Wind loads

= Wind load factor

— 1.0

Load factor of wind loads in a load combination of factored loads.

(from the load combination 1.2D + 1.0L + 1.6W using ASCE 7-05 Standards)

Note: Because HR_DAD accounts for wind effects for specified MRIs appropriate
for the limit state of interest, the wind load factor being used is not 1.6 but 1.0.
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Gravity loads

Specify dead loads
on prototype
floors

= Load the MATLAB file containing the contribution of the dead loads

The variable is named “frames_DL” and can be saved in a mat file with an
arbitrary name. The variable frames_DL is a matrix with the first column of
member IDs that coincide with the first row of mem_list. Each row contains the
internal forces due to dead loads occurring in the initial, mid, and terminal sections
of the member identified in the first column of the row. All 6 internal forces and
moments (P, V2, V3, T, M2, and M3) are assigned from columns 2 to 7 for the
initial section, from columns 8 to 13 for the mid section, and from columns 14 to
19 for the terminal section.

frames_DL (No. of members (=Nm), 19) =

Member Initial Mid Terminal
D section section section
1 Py V2p Vip Ty M2p  M3p

2 Pp> V2 V3py Tp M2p, M3y

Nm Poxm V2o Voo Tovm  M2pnm M3pym

— The variable frames_DL (7800, 19) is saved in frames Deadl.oad.mat. The
units are N for forces and N-m for moments.

Note: The forces and moments of frames_DL are due to unfactored dead loads.
They can be calculated using a finite element analysis software.

Specify super-
imposed dead
loads on prototype
floors

= Load the MATLAB file containing the contribution of the super-imposed dead
loads

The variable is named ‘“frames SDL” and can be saved in a mat file with an
arbitrary name. The format of frames_SDL is consistent with that of frames_DL.

frames_SDL (No. of members (=Nm), 19) =

Member Initial Mid Terminal
D section section section
1 Py V2 Vg Ta M2g; M3
2 1 P V2 Vigp Te M2s, M3g
Nm Poum  V2sum V3svm Tsnm  M2snm M3snm

— The variable frames_SDL (7800, 19) is saved in frames SDeadLoad.mat. The
units are N for forces and N-m for moments.

Note: The forces and moments of frames_DL are due to unfactored super-imposed
dead loads. They can be calculated using a finite element analysis software.

Specify live loads

= Load the MATLAB file containing the contribution of the live loads
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on prototype

floors The variable is named “frames LL” and can be saved in a mat file with an
arbitrary name. The format of frames_SDL is consistent with that of frames_DL.
frames_SDL (No. of members (=Nm), 19) =
Member Initial Mid Terminal
D section section section
1 Pu V2i; V3 Tu M2y M3y
2 Py V21, Vi T M2, M3,
Nﬂl -PL\lm -‘[2L\Im -\‘73L\lm ;fL\lm MzL\Iru M?’L\Im
— The variable frames_LL (7800, 19) is saved in frames LiveLoad.mat. The
units are N for forces and N-m for moments.
Note: The forces and moments of frames LL are due to unfactored live loads.
They can be calculated using a finite element analysis software.
Wind loads
Specify time- = Load the MATLAB file containing the time histories of the floor loads of a
history wind loads | model in wind tunnel tests

in a model scale

The variable is named “F” and can be saved under any name but must end with
“ XXX”. The subfix XXX gives the direction of wind 6, in degrees in wind
tunnel. An example is shown in Fig. 2 for wind directions XXX = 000 (0°) and
XXX =045 (45°).

The variable contains time-history of a floor load in one of x, y, 8 directions. The
first Nfloors (i.e., the number of floors) rows correspond to the floor loads acting in
the x-direction starting from the first floor. The next Nfloors and the last Nfloors
rows correspond to ones in the y-direction and in the #-direction, respectively.

Wind

F(Fdof*Nfloors, Npoints) =
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F.’CIJ:I FILI:1 . F.'C]J:Npgims

FJCz_t: 1 sz_r: 2 PR sz_r: Npoints
FxNﬂDUIS_t: 1 Ffolours_t: 2 EEREE FxNﬂcurs_t:Npcints
F}’1_t=1 F}"l_r:z FJ"1_1=anims
F}’27t= 1 Fylg— 2 I FJ’?,itszuints
F}"Nﬂcorsit= 1 F}"Nﬂocrsit= 2 EERES F}"Nﬂcorsf{=Npcin[s
l:91_121 Fgl_t:,’. EEREE Fo 1_t=Npoints
F82_1=1 F@ 2_t=2 s Fg 2_t=Npoints
K. FHNﬂoors_t: 1 FgNﬂoors_t: 2 EEREE FgNﬂoors_t:Npoints -)

— F(180, 7504) is saved in F1_XXX files where XXX is from 000 to 360 by 10
increment. The unit is N for force and N.m for moment.

Note: Terrain conditions for the wind tunnel model must simulate prototype
conditions.

Wind tunnel test

data

Mean wind speed

= Hourly mean wind speed at roof of the model during wind tunnel tests (m/s)
— 23.2 m/s for suburban terrain

Note: This speed is an hourly mean speed.

Wind directions

= Wind directions used in the wind tunnel test

The variable WD can be a vector containing clockwise directions of wind as shown
in Fig. 4. For example, 6, = 0° to 360° with 10° clockwise increments from an
arbitrary direction:

[0 10 20 ... 350 360]

Wind
— [0:10:360]

Note 1: The wind directions in WD are identical to the wind directions in the wind
tunnel tests or CFD simulations.

Note 2: The variable can be input using square brackets as shown.
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Model scale

= Scale of the model used in the wind tunnel tests
If the scale of the model to the prototype structure is 1/500, the value is 500.

— 500

Sampling rate

= Sampling frequency used in the wind tunnel tests (Hz)

— 250 Hz

No. of sampling
points

= Total number of points that make up the time histories of the floor loads

— 7504 (from data of 30 s with a sampling frequency of 250 Hz in the wind
tunnel)

Threshold point

= Number of points to be cut from beginning of the time histories during the
analysis

— 200
Note: Numerical integration needs a certain number of points before it stabilizes.

Therefore a certain number of initial points must be cut from the solution of the
equations of motion before estimating the response parameters.

Speed range

Wind speeds for
response databases

= One-hour mean wind speeds at roof height of the full scale building for which
the response in desired

The variable WS is a vector containing wind speeds directed toward the structure.
For example, 20 m/s to 80 m/s (one-hour mean wind speeds) in 10 m/s increments:

[20 30 40 50 60 70 80]
— [20:10:80]
Note: The variable can be input using square brackets as shown. The wind speed

range must cover wind speeds at the roof height based on wind climatological data
(e.g., hurricane data) at the site and must account for the building orientation.

Lower limit requirement

ASCE 7-based
overturning
moments

= ASCE 7-based overturning moments in the principal axes corresponding to Risk
Category of building

According to ASCE 7-05, Section C6.6, forces and pressures estimated through
wind tunnel testing are to be limited to not less than 80 % of their ASCE 7-based
analytical method counterpart. HR. DAD RC employs overturning moments in the
directions of the principal axes as measures of this limitation. Overturning
moments based on the ASCE 7 analytical method are based on the importance
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factors 0.87 for Risk Category I buildings, 1.0 for Risk Category II buildings, and
1.15 for Risk Category III or IV buildings. These overturning moments are
compared to their HR_ DAD_RC counterparts.

The variable is named “Movtn_asce” and can be saved in a mat file with an
arbitrary name. The variable Movtn_asce is a matrix in which the first column
contains overturning moments along the first principal axis (i.e., x axis) and the
second column contains moments along the second principal axis (i.e., y axis). The
first row corresponds to ASCE 7-based overturning moments for the first Risk
Category being considered for the building. If two or three Risk Categories are
considered, they are reflected in the second, or second and third row.

Movtn_asce (No. of MRIs in B;;, No. of principal axes) =

ijs
xr-axis  y-axis
1stRisk Category My My

2 Risk Category Mp My,

nt Risk Category My My,

— Movtn_asce (3, 2) is saved in moment_ovtn ASCE.mat where ASCE 7-based
overturning moments in the x and y axes based on three Risk Categories of ASCE
7 correspond to counterpart calculated by HR._ DAD RC with three MRIs specified
for demand-to-capacity indexes. The unit is N-m.

Note: Structural designs of buildings with Risk Category I, II, and III or IV in
ASCE 7 are assumed to correspond to counterparts from HR_ DAD RC with MRIs
of 300 years, 700 years, and 1700 years, respectively (ASCE 2010).
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Page ‘Wind Effects’

Response Databases:

Calculation option

Demand-to-capacity index

Inter-stray drift

Acceleration

Response Databases

[] Paint in time approach: points:

[7] Bi-axial shear forces

Specify members of interest: Save as:

C'HR_DAD_RCUnput\RC_member_selected mat Select file... C:HR_DAD_RC\OutpubBi_RD.mat

Specify column lines of interest: Save as:

C'\HR_DAD_RCUnputinterstory_Drift_Input mat Select file... CHR_DAD_RC\OutputinDr_RD_set_¥ mat

Specify points on top floor of interest Save as:

C:'HR_DAD_RCinput\Acceleration_lnput mat Select file... C:HR_DAD_RC\Outpub\Ace_RD_poaint_X.mat
C T=r P

L

Calculation Option

Point in time

= Check the box if the point in time approach is selected for the calculation of the

approach response databases for the demand-to-capacity indexes. A full time approach for
the indexes will be employed unless this option is checked.
Note: The point in time approach considerably reduces simulation time.

Points = Specify the number of points used in point in time approach.

Note: If N points are specified, only 7N points within the time histories of the
internal forces are checked, rather than all the points in those time histories.

Demand-to-capacity index

Bi-axial shear
forces

= Check the box if the demand-to-capacity index for bi-axial shear forces is
desired.

Note: This option is for columns subjected to bi-axial shear forces.

Specify members
of interest

= Load the MATLAB file containing list of members to calculate their demand-to-
capacity indexes.

The variable is named “member_selected” and can be saved in a mat file with an
arbitrary name. The variable member_selected is a one-row vector that contains a
list of the members of interest for which response database for the demand-to-
capacity index are calculated.

member_selected (1, No. of members of interest) =

1 2 n No. of members of interest
(1 201 ... 301 ... 2000 |

A26




— member_selected (1, 96) is saved in RC member selected.mat. The 20
members consisting of the columns and beams of interest were selected for the
calculation of the response database for the demand-to-capacity index and peak
responses with specified MRIs.

Save as

= Specify the file location and name where response databases for demand-to-
capacity indexes of the members (defined in member_selected) and for
overturning moments (if this option is clicked) will be saved.

The variables containing the response databases are named Bij_RS_PM for
interaction of axial forces and moments and Bij_RS VT for interaction of shear
forces and torsion. They can be saved in a mat file with an arbitrary name. The
variable Bij_RS_PM corresponds to the peak ratio of demand to strength capacity
due to interaction of axial forces and bi-axial moments for columns and of bi-axial
moments for beams. The variable Bij RS VT represent the peak demand-to-
capacity indexes of all members due to due to interaction of shear forces and
torsion.

The variables are 3D arrays with the same format, each face of which represents
the response databases for demand-to-capacity indexes of a specific member. The
index of each face corresponds to the index of selected members defined in
“member_selected”. An element (i, j) of the p" face corresponds to the peak
demand-to-capacity index of the member p for the wind with the /™ wind direction
of WD and the /™ wind speed of WS. For example, a value at element (2, 5, 38) of
Bij_RS_PM represents the peak demand-to-capacity index for axial forces and
moments for the 38" member in the list of member_selected in a given wind of
the 2™ wind direction of 10° in WD and the 5™ wind speed of 60 m/s in WS.

Bij_RS_PM (No. of WD, No. of WS, No. of selected members) =

Member k
Members .
Member 3
Member 2
Member 1
WD, 31,1 BL: Bys BLm
Wind WD, | Boy B Bis ...  Ban
directions WDs; | B3y Bsy  Bss ... Bip
© T :
"’VDH Bn_l Bn_] Bng P Bn_m
WS, WS, WSy L. WS

‘Wind speeds (m/s)

If the option of the lower limit requirement for the overturning moments is
selected in the section ‘Load Modeling’, page ‘Modeling’, the additional variables
containing the response databases for the overturning moments are named
Mx_ovtn and My ovtn for overturning moments in the x and y principal axes,
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respectively. The variables have the same format as the format for Bij RS_PM,
except that for the overturning moment there is only one face. An element (i, ;)
corresponds to the overturning moment for the wind with i direction WD and ;"
speed WS.

— Bij_RS_PM (37, 7, 96), Bij_RS_VT (37, 7, 96), Mx_ovtn (37, 7), and
My _ovtn (37, 7) are saved in Bij RD.mat.

Note: If the variable is higher than unity the strength capacity of the member is not
adequate for axial forces and moments (Bij_RS_PM) or for shear forces and
torsional moment (Bij_RS_VT). The -corresponding reinforcement and/or
dimension of the member must be modified in order to make the variables less
than or equal to unity.

Inter-story drift

Specify column
lines of interest

= Load the MATLAB file containing the position of the column lines where the
response database of inter-story drift is desired.

The variable is named “interstory_location” and can be saved in a mat file with
an arbitrary name. The variable is a matrix where the first Nfloors rows contain the
x and y coordinates of the column lines with respect to the mass center of each
floor in the first and the second column, and the height of the story is assigned in
the third column. The first row contains information relating to the first floor, the
second row stores that of the second floor, and so forth. Successive column lines
are appended as an extra Nfloors rows (where N is the number of floors).

interstory_location (NcxNfloors, 3) for Nc column lines =

x v Story
coord. coord. height

(% M Ry
Column { Y2 Yew Fzn }
line 1 : : :
Iwrr WNn h.\'_[.!

XpNe  Viiwe hl_[.Nt:

Column Xamxe Vimne Howe
line Ne { d : Z }
Ul e Meone I J

— interstory_location (120,3) for 2 column lines is saved in
Interstory Drift input.mat.

Save as

= Specify the file location and name where the response databases for inter-story
drift will be saved.

The variables containing the response databases are named InDr_RS set X,
where X depends on the column line defined in interstory_location, and can be
saved in a mat file with an arbitrary name.
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The variable InDr_RS _set X is a 3D array, each face of which represents the
response surface in a specific direction (x or y). The first Nfloor faces (Nfloor is
the number of floors of the structure) of the array are associated with the response
in the x direction while the next Nfloor faces are associated with the y direction.
An element (i, j) of a specific face in a given set X corresponds to the peak inter-
story drift of the column lines considered in set X for the wind with i" direction
WD and j® speed WS. The face represents the floor to be considered inter-story
drift in x or y direction. The details are provided in the following schematic.

INDr_RS_set_X (No. of WD, No. of WS, 2xNfloors) =

y-dir.
inter-story
drift

Story N

x-dir.

inter-story story 1
drift Sty
Story 2

Story 1
WD, | D1y Dy, Dy Dy
Wind WDy | D2i Doy Das e Dy
directions WD; | Dsy Dsa Dz .o Din

© ' : :

WDy | Du Dys Dys e Doy
WS, WS, WS; ... WSy

Wind speeds (m/s)

— InDr_RD set 1 (5, 37, 120) and InDr_RD_set_2 (5, 37, 120) for two column
lines are saved in InDr RS set 1.mat and InDr_set 2.mat, respectively.

Acceleration

Specify points on
top floor of
interest

= Load the MATLAB file containing the positions of the points belonging to the
top floor where the response database of peak acceleration is desired.

The variable is named “acceleration_location” and can be saved in a mat file with
an arbitrary name. The variable is a matrix where each row contains the x and y
coordinates of a point with respect to the mass center of the top floor. The first row
contains information relating to the first point, the second row stores information
for the second point, and so forth. A successive point is appended as an extra row.

acceleration_location (Np, 2) for N points =

X v

coord. coord.
Point 1 XP1 Ye1
Point 2 Xp2 Y2
Point N o Yen
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— The variable acceleration_position (4, 2) for 4 points is saved in
Acceleration_input.mat.

Save as

= Specify the file location and name where the top floor acceleration response
databases will be saved.

The variable containing the response databases is named Acc_RS_point_X where
X depends on the point belonging to the top floor defined in
acceleration_location, and can be saved in a mat file with an arbitrary name.

The variable Acc_RS_point_X is a 3D array, each face of which represents the
response surface in a specific direction (x or y). The first face of the array is
associated with the response in the x direction, and the next face is associated with
the y direction.

An element (i, j) of a specific face in a given point X corresponds to the peak
acceleration of the top floor considered at the point X for the wind with "
direction WD and ;™ speed WS.

Acc_RS point_X (No. of WD, No. of WS, 2)=

-dir
x-dir.

WDy | 411 Ay Ay Aim

Wind WD, | 421 A A Ayp
directions WD; | 451 4 4 Az

©) )
‘VDH An.l An 2 An An m
WS, WS, WS; ... WS,

Wind speeds (m/s)

— Acc_RD point_1 (5, 37, 120) to Acc_RD_point_4 (5, 37, 120) for four
column lines are saved in Acc_RS point_1.mat to Acc_RS point 4.mat.

“Compute response database”

Click the button, and the response databases defined above are calculated.

Note: The calculation can be performed when all variables are provided correctly
in the sections ‘Building Modeling’, ‘Load Modeling’, and ‘Response Databases’.
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Peak Responses for specified MRIs:

Wind climatological data

Micro-meteorological data

Terrain data

Calculation option

Peak responses for MRls

Peak Responses for specified MRIs

Directory containing simulated hurricane wind speed files: Select the milepost corresponding to the building location:

C:'HR_DAD_RC\hurricane_dataset Select dir... Milepost 1400 -~ Check
Milepost 1450

Terrain exposure at the weather Threshold wind speed [mfs]: Milgpost 1500 e

c 20

1 ASCEY @ or 2y User-defined Select file...

Terrain exposure surrounding the building:
CHR_DAD_RCUnputterrain_sxposure mat

Building orientation angle [deg.]:

Select file... 90

["1Veering angle effects:

MRIs for dermand-to capacity index [years]: Save as:
300 700 1700 C:\HR_DAD_RC'Output\Peak_ij.mat
MRIs for inter-story dnift [years]: Save as:
20 C'HR_DAD_RC\OutputiPeak_InDr_set_X mat
MRIs for acceleration [years): Save as:
10 CHR_DAD_RCIOutputiPeak_Acc_point_¥ mat

[ Compute peak response with specified MRIs

Wind climatological data

Note: This module needs to be modified depending upon the wind climatological database being used.

The following pertains to the simulated 999 extreme wind events provided for a large number of
locations (mileposts) along the Gulf of Mexico and North Atlantic coast. This simulated data is
publicly available at www.nist.gov/wind by following the links for extreme wind data sets.

The database sets are one-minute mean hurricane wind speeds in knots at 10m above the ground in
open terrain near the coast line. The wind directions are from 22.5° to 360° with 22.5° clockwise
increments from the North.

Directory = Specify the folder location of the database of simulated hurricanes

containing

simulated — ¢:\HR_DAD_ RCh\hurricanes_dataset

hurricane wind

speed files Note: The hurricanes database can be downloaded at www.nist.gov/wind.

Select the = Hurricane milepost that can represent the building location

milepost

corresponding to | — “Milepost 1450 for a building located in Miami, FL.

the building

location Note: When the milepost is selected for a specific building location in the listbox,

the “Check” button must be pushed for confirmation.

Terrain exp. at
the weather
station

= Terrain exposure at weather station where hurricane winds are measured.

The terrain exposure is categorized as “B”, “C”, and “D” for suburban, open, and
unobstructed terrains, respectively, as defined in ASCE 7-05.
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— “C” for open terrain in all directions

Note: Terrain exposure of weather stations is assumed to be identical in all
directions.

Min. wind speeds
for calculation

= Minimum one-hour wind speed under which the response is no longer of interest
— 15 m/s

Note: This speed is higher than or equal to the minimum wind speed of WS
defined in Page Three. A low minimum wind speed will lengthen the calculation of
the responses with a specified MRI. However, the higher the minimum wind
speed, the greater is the possibility of not accounting for critical wind effects,
especially for serviceability requirements.

Micro-meteorologi

cal data

ASCE 7

= Check the box if the ASCE 7-based calculation is used in predicting the micro-
meteorological relationship of wind speeds at the weather station, e.g., at 10 m
above the ground in open terrain exposure, to speeds at the rooftop of the building
for the appropriate terrain exposures.

User-defined

= Specify a filename containing the micro-meteorological relationship defined by a
user.

The variable must be named “Ratio_Vs” and can be saved in a mat file with an
arbitrary name. The variable Ratio_Vs can be a vector containing the ratios
between wind speeds at the weather station to the mean hourly wind speeds at the
building height for the requisite terrain exposures. The current version of
HR DAD RC uses wind speeds of simulated 999 extreme wind events for a large
number of locations (mileposts) along the Gulf of Mexico and North Atlantic coast
(www.nist.gov/wind).

Ratio_Vs (1, 4 (= total number of terrain exposure conditions)) =

Terrain exposure: A B C D
H H H H

[ v, Vs V. Vs
slom ? 1om ? r10m ? #10m

V. Vs Vo Ve

where V in the numerator is a wind speed at building height (H) corresponding to
each terrain exposure condition from A to D, and V in the denominator is a wind
speed at a weather station at 10 m above ground in open (C) terrain.

— Ratio_Vs (1, 4) is saved in micro-meteor.mat; this example uses ASCE 7-
based micro-meteorological data by checking the ASCE 7 box above

Note: The micro-meteorological data must be provided by an expert in wind
engineering.
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Terrain data

Terrain exposure
surrounding the
building

= Terrain exposure surrounding the building in each direction.

The variable is named “terrain” and can be saved in a mat file with an arbitrary
name. The variable terrain can be a vector containing terrain roughness in 16
directions clockwise from 22.5° to 360° with 22.5° increments from the North. The
directions of terrain exposure are identical to those of hurricane winds described in
the “Wind climatological data” section. The terrain exposure is categorized as “B”,
“C”, and “D” for suburban, open, and unobstructed terrains, respectively, as
defined in ASCE7-05. The terrains exposure can be different according to
directions, which enables HR_DAD to account for directionality effects of the
terrain exposure.

terrain (1, 16) =

1 2 .. 15 16
[«c* <« .. “B” *“B” ]

— [“B” “B” .... “B”] for suburban terrain in all directions and is saved in
terrain_exposure.mat

Note: The terrain exposure surrounding the building must be identical to that used
in wind tunnel tests for the aerodynamic database described in the “Wind loads”
section.

Building
orientation

= Orientation angle (ay) of a building in the clockwise direction from the North to
the x axis of the building (0° < 0y < 360°).

Wind

— 90 [degrees]

Note: If the terrain exposure does not change around a building, the orientation
angle of the building can be changed. However, for direction-dependent terrain
conditions, various orientation angles can be taken into account only when
aerodynamic data from wind tunnel tests account for terrain exposure
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corresponding to the various building orientations of interest.

Calculation option

Veering angle
effects

= Check the box if veering angle of wind is taken into account.

Note: Wind directions at the top of a high-rise building are different from those at
10 m above ground due to veering (change of wind direction with elevation).
Clicking the button activates the HR_ DAD RC veering angle option.

Peak responses with MRIs

MRIs for
demand-to-
capacity index

= Mean Recurrence Intervals for demand-to-capacity index of selected members
— [300 700 1700]

Note: The unit is year.

Save as

= Specify the file location and name where the peak response of demand-to-
capacity indexes for selected members with specified MRIs will be saved.

The variables containing the selected members’ demand-to-capacity indexes for
axial force and bending moments and for shear forces and torsional moment with
specified MRIs are named Bij PM_MRIs and Bij_VT_MRISs, respectively, and
can be saved in a mat file with an arbitrary name. The variables Bij_PM_MRIs
and Bij_VT_MRIs are matrices the rows of which contain the selected members’
peak demand-to-capacity indexes (B;) for the MRI specified above. The members
of interest are defined in “member_selected” in the ‘Response Databases’ section.
The first row will contain the indexes corresponding to the first MRIs for demand-
to-capacity index defined above, the second row will have those corresponding to
the second MRI, and so forth. The index of each column is the index of the
members defined in member_selected. For example, an element (3, 300) of
Bij_PM_MRIs represents the peak demand-to-capacity index for axial force and
bending moments of the 300™ member in the list member_selected with the 3™ of
the MRIs specified for the demand-to-capacity index.

Bij_PM_MRIs (No. of MRIs, No. of selected members (=Nm)) =

1 2 3 No. of selected members
1% MRI Bymi1g Byri-i2 Bymri-rs e Byri-ivm
254 MRT Buri=21 Buri=22 Buri=23 . Buri=23m
Pt MRIT Bumri=r1 Burr-r2 Burr-rs . Buri=p xm

— Bij_PM_MRIs (3, 96) and Bij_VT_MRIs (3, 96) of 96 selected members for
three MRIs are saved in Peak Bij.mat.

Note 1: If the option of the lower limit requirement for the overturning moment is
selected in the section ‘Load Modeling’ of the page ‘Modeling’, the variables
Scaled_Bij PM_MRIs and Scaled Bij VT_MRIs containing the adjusted peak
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demand-to-capacity indexes for the selected members are also saved.
Note 2: Additional variables saved in the file can be used for post analysis:

- Mx_ovtn_MRIs (No. of MRIs, 1):
Overturning moments along the x axis corresponding to the specified MRIs.

- My _ovtn_MRIs (No. of MRIs, 1):
Overturning moments along the y axis corresponding to the specified MRIs.

- Rt_Mx_ovtn (No. of MRIs, 1):
Ratio of x-axis overturning moments calculated by DAD to x-axis overturning
moments by ASCE 7 corresponding to the specified MRIs.

- Rt_My_ovtn (No. of MRIs, 1):
Ratio of y-axis overturning moments calculated by DAD to y-axis overturning
moments by ASCE 7 corresponding to the specified MRIs.

- Scale_Mx_ovtn (No. of MRIs, 1):
Index adjustment factor for the x axis corresponding to the specified MRIs.

- Scale_My_ovtn (No. of MRIs, 1):
Index adjustment factor for the y axis corresponding to the specified MRIs.

- Scale_M_ovtn (No. of MRIs, 1):
Index adjustment factor for the x- or y-axis, whichever is larger.

- MRI _sorted_Bij (No. of hurricane events, 1)
MRI corresponding to the rank order of the hurricane events (in descending
ranking order).

- sorted_Bij_PM ( No. of hurricane events, No. of selected members)

Selected members’ peak demand-to-capacity index for axial force and bending
moments corresponding to all hurricane events considered in descending ranking
order.

- sorted_Bij_VT ( No. of hurricane events, No. of selected members)

Selected members’ peak demand-to-capacity index for shear forces and torsional
moment corresponding to all hurricane events considered in descending ranking
order.

Note 3: If the veering effect is considered, variables described above with the
suffix ~“_vr” are added in the resulting file, e.g., Bij_PM_MRIs_vr and
Bij_VT_MRIs_vr.

MRIs for
inter-story drifts

= Mean Recurrence Intervals for inter-story drift of selected column lines
— [20]

Note: The unit is year.
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Save as

= Specify the file location and name where the peak responses of inter-story drift
with specified Mean Recurrence Intervals (MRIs) are saved.

The variables containing the inter-story responses with specified MRIs are named
INDr_MRIs_set X where X depends on the column line defined in
interstory_location (in the ‘Response Databases’ section), and can be saved in a
mat file with an arbitrary name.

The variable InDr_MRIs_set_X is a 3D array, each face of which represents the
inter-story drift of a given column line in x and y directions and the resultant drift
with specified MRIs. The first face of the array is associated with the response of
column line X corresponding to the first MRI, the second face corresponds to the
second MRI, and so forth. Each face has two columns corresponding to the x and y
directions, respectively, and N rows that correspond to the N floors.

INDr_MRI_set_X (N, 3, No. of MRIs) for a given set X =

_ PMRI

2% MRI
15 MRI
Floor 1 Dyr=1 Dyr=1 Drr=1
Floor2 Dir-2 Dyr-2 Dir-r

FloorN | Dyr=x Dyr-x Dir-x

x-dir. y-dir.  resultant

— The variables InDr_MRI_set_1 (60, 2, 1) to InDr_MRI_set_4 (60, 2, 1) for 4
sets with 1 specified MRI are saved in Peak InDr set 1.mat to Peak InDr set 4,
respectively.

Note 1: Additional variables saved in the file can be used for post analysis:

- sorted_peak_drift_x_set_X ( No. of hurricane events, Number of stories)
Peak x-axis inter-story drift ratio for all stories in the set X corresponding to all
hurricane events considered in descending ranking order.

- sorted_peak_drift_y set X ( No. of hurricane events, Number of stories)
Peak y-axis inter-story drift ratio for all stories in the set X corresponding to all
hurricane events considered in descending ranking order.

- sorted_peak_drift_t_set X ( No. of hurricane events, Number of stories)
Resultant peak inter-story drift ratio for all stories in the set X corresponding to all
hurricane events considered in descending ranking order.

Note 2: In the case considering the veering effect, variables described above with
suffix of “_vr” are added before “_set_X”, e.g., INDr_MRI_vr_set_X.

MRIs for

= Mean Recurrence Intervals for accelerations of selected points on top floor
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top-floor

accelerations — [10]
Note: The unit is year.
Save as = Specify the file location and name where the accelerations of the top floor with

specified Mean Recurrence Intervals (MRIs) are saved.

The variables containing the top floor acceleration responses with specified MRIs
are named Acc_MRIs_point_X where X depends on the point belonging to the
top floor defined in acceleration_location (in the ‘Response Databases’ section),
and can be saved in a mat file with an arbitrary name.

The variable Acc_MRIs_point_X is a 3D array, each face of which represents the
accelerations of the top floor at the point X in the x and y directions and the
resultant acceleration with specified MRIs. The first face of the array is associated
with the response of the point X corresponding to the first MRI, the second face
corresponds to the second MRI, and so forth. Each face has three columns
corresponding to the x and y directions and the resultant.

Acc_MRIs_point_X (1, 3, No. of MRIs) for a given point X =

_ PEMRI

284 MRI

1t MRT

PointX Ayp=x Ayp=-x Arp=x

x-dir.  y-dir.  resultant

— The variables Acc_MRIs_point_1 (1, 3, 1) to Acc_MRIs_point_4 (1, 3, 1) for
4 points with one specified MRI of 10 years are saved in from
Peak Acc point_l.mat to Peak Acc_point_4.

Note 1: Additional variables saved in the file can be obtained for post analysis:

- sorted_peak_Acc_x_point_X ( No. of hurricane events, 1)
Peak x-axis acceleration for point X corresponding to all hurricane events
considered in descending ranking order.

- sorted_peak_Acc_y_point_X ( No. of hurricane events, 1)
Peak y-axis acceleration for point X corresponding to all hurricane events
considered in descending ranking order.

- sorted_peak Acc_t point_X ( No. of hurricane events, 1)
Resultant peak acceleration for point X corresponding to all hurricane events
considered in descending ranking order.

Note 2: In the case considering the veering effect, variables described above with
suffix of “_vr” are added before “_point_X”, e.g., Acc_ MRI_vr_point_X vr,
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“Computed peak responses with MRIs”

Click the button, and the peak responses defined above are calculated.

Note: The calculation of peak responses must be executed after the response
databases are obtained. If the response databases are not available, calculate the
response databases first by executing “Compute response database”.
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Page ‘Results & Plot’

Results & Plots

[] Overturning mament:

300 Calculate
X axis y axis
Response database: Bij PM Demand-to-capacity index:
Member. (30 »| [check |
Far MRI= _ Calculate
Peak Bij_PM =
Peak Bij_%T=

Plot option: @ Bij_PM @) Bij_WT

[T] Inter-story drift

Demand-to-capacity index

Check

Check

Calculate
Wind directions [*]
Wind speeds [m/s]
x dir. y dir.
[] Acceleration at top floor:
Check
- Calculate
| Plot response databhase |
’ FPlot peak response ] x dir. y dir. rasultant

Overturning moments

Once the button is clicked, the overturning moments module is activated.

Note: If the option of lower limit requirement for overturning moments is not clicked in the section
‘Load Modeling’ of the page ‘Modeling’, the overturning moments module is not activated.

For MRI = = Select a MRI of interest from the list of MRIs, and click the button of
“Calculate”

— Overturning moments in the x and y axes for the selected MRI will be shown in
the blanks.

Note: the list of MRIs for overturning moments is obtained from “MRIs for
demand-to-capacity index” in the page ‘Wind Effects’.

Plot response = Place the button of “Plot response database” in the bottom left corner of the page
database after a plot option (x axis or y axis) is chosen

— The response database for the overturning moment in the selected axis will be
shown in the left side. The overturning moment is plotted as a function of wind
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speed and direction.

Plot peak
response

= Place the button of “Plot response database” in the bottom left corner of the page

— The peak response database of overturning moments in both x and y axes will
be shown along MRIs.

Note: overturning moments for any MRI can be obtained from this plot.

Demand-to-capacity index

Once the button is clicked, the demand-to-capacity index module is activated.

Member = Select a member of interest from the list of members and click the button of
“Check”
Note: the list of members is obtained from “members of interest” in the page
‘Wind Effects’.

For MRI = = Select a MRI of interest from the list of MRIs, and click the button of

“Calculate”

— Demand-to-capacity indexes of the selected member for the selected MRI will
be shown in the blanks.

Note 1: The list of MRIs for the demand-to-capacity index is obtained from “MRIs
for demand-to-capacity index” in the page ‘Wind Effects’.

Note 2: Bij PM denotes the demand-to-capacity index for axial force and moments
(B;M ) Bij VT is the demand-to-capacity index for shear forces and torsional
moment (BU'./T )

Note 3: If the lower limit requirement of overturning moments is used in

HR _DAD RC by clicking the option of the requirement in the section ‘Load
Modeling’ of the page ‘Modeling’, the calculated indexes are adjusted accordingly.

Plot response

= Place the button of “Plot response database” at the bottom left corner of the page

database after a plot option (Bij_PM or Bij_VT) is chosen
— The response database for the demand-to-capacity index of the selected member
will be shown in the left side. The index is plotted as a function of wind speed and
direction.

Plot peak = Place the button of “Plot response database” at the bottom left corner of the page

response after a member is selected on the member list

— The peak response database of demand-to-capacity indexes for the member will
be shown along MRIs.
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Note: Peak demand-to-capacity indexes for any MRI can be obtained from this
plot. The indexes shown in the plot correspond to the option in which the lower
limit requirement for overturning moments is not selected.

Inter-story drift

Once the button is clicked, the inter-story drift module is activated.

Column set = Select a column line set of interest from the list of column line sets, and click the
button “Check”
Note: the list of column line sets is obtained from “column lines of interest” in the
page ‘Wind Effects’.

Story = Select a story of interest from the list of all stories of the structure, and click the
button “Check”
Note: the list of stories in the structure is obtained from “No. of stories” in the page
‘Modeling’.

For MRI = = Select a MRI of interest from the list of MRIs, and click the button “Calculate”

— Inter-story drift ratio (x and y directions) of the selected story in the selected
column line set for the selected MRI will be shown in the blanks.

Note: The list of MRIs for inter-story drift is obtained from “MRIs for inter-story
drift” in the page ‘Wind Effects’.

Plot response

= Place the button “Plot response database” at the bottom left corner of the page

database after a plot option (x axis or y axis) is chosen
— The response database for inter-story drift ratio in the selected direction will be
shown in the left side. The inter-story drift ratio is plotted as a function of wind
speed and direction.

Plot peak = Place the button “Plot response database” at the bottom left corner of the page

response

— The peak response database of inter-story drift ratios in both x and y directions
will be shown along MRIs.

Note: Peak inter-story drift ratio for any MRI can be obtained from this plot.

Acceleration on top floor

Once the button is clicked, the top floor acceleration module is activated.

Corner point

= Select a corner point of interest from the list of corner points, and click the
button of “Check”
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Note: The list of corner points at top floor is obtained from “points on top floor of
interest” in the page ‘Wind Effects’.

For MRI =

= Select a MRI of interest from the list of MRIs, and click the button “Calculate”

— Acceleration resultant at the selected point for the selected MRI will be shown
in the blanks.

Note: The list of MRIs for acceleration is obtained from “MRIs for acceleration” in
the page ‘Wind Effects’.

Plot response

= Place the button “Plot response database” at the bottom left corner of the page

database after a plot option (x dir., y dir., or resultant) is chosen
— The response database for top floor acceleration in the selected option will be
shown in the left side. The top floor acceleration is plotted as a function of wind
speed and direction.

Plot peak = Place the button “Plot response database” at the bottom left corner of the page

response

— The peak response database of top floor acceleration in x dir., y dir., and
resultant will be shown along MRIs.

Note: Peak acceleration at top floor for any MRI can be obtained from this plot.
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Load / Save / Exit button

l Load l | Maodeling l l Wind Effects l ‘ Results & Plots Save l l Exit

Load

A file containing input information for running HR_DAD RC can be loaded by clicking the “Load”
button located at the leftmost bottom.

Load a file containing input information for running HR DAD RC
— All variables required for HR_DAD_ RC can be loaded once they were previously saved.

The file is a MATLAB file generated by fInSAVE.

Save

The “Save” button specifies a file name and its location where the all input information loaded through
pages one to seven will be saved.

— All variables and filenames required for HR. DAD RC can be saved once they were input in the
user graphic interface mode.

The file is a MATLARB file that contains all the necessary information input at the time the file is saved.

Exit

The program can be stopped by clicking the “Exit” button located at the rightmost bottom.
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