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Direct Design Software for
Masonry Structural Analysis

By, . .
=s: DIrect Design
~ Lo EQUIPPING BETTER BUILDING



Ground Rules...

Ask questions any
time or use the chat...

Or shoot me an email if you forget...
Jason Thompson
jthompson@ncma.org
703-713-1900



Why was Direct Design
Created? Code complexity...

| W

American Standard
Building Code Requirements
For Masonry
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Why was Direct Design
Created? Code complexity...




Why was Direct Design
Created?

Codes (not just masonry) become more complex
with each cycle. The Direct Design Software
combines all the relevant structural masonry
requirements in one package.

=.. = Direct Design




Why was Direct Design
Really Created?

ldea...to concept...to preliminary design

...In Minutes

Direct Design
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Evolution of Design

With these changes...new tools are needed.

=.. ® Direct Design

1.2 3DIQ
1.2 Masonryi@

Masonry Design Software
Plug-In For Revit
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Software Inputs

What you need to design a project:

r‘HH@

Building dimensions

=@

B

Building location; and

Direct Design 3.0 - Midwest Cafe.ddpx

_ sEN

= = Report Elevation  Wall Masorry Project  Design
e T Save i SR RunDesign _  Cals Drawngs Orawngs - U'° Untifo o Setirgs
— —
Overview General Criteria
Plan Masonry Unit Designation 6 in CMU 7 .
[# inputs: Elevation CMU Density Normal Weight >
Full-Height Segments | Grouting et
= Mortar Type S Portiand Cemen...
Structure Rigidity ey 2000 psi
#* Procedure: Misc Steel Fy 60000 psi
3> Loads: Wind (MWFRS) pooipesg load i
s T Roof Live Load 20 psf
3? Loads: Wind (C&C) Floor Dead Load 25 psf
4 Loads: Seismic (Total Structure) Floor Live Load 40 psf
+» Loads: Seismic (Wall Out-of-Plane) | Preferred LFRSO Oriiy (CEMs
g I-cracked Coefficient 04
oads; Snow
Structure Details
& Loads: Floor Distribution
oy AT Joist Direction X
Loads: Vertical Distribution Parapet Height i i
- Loads: Wall In-Plane Roof Mean Height 21
Design: In-Plane Roof Maximum Height 221t ¥
88 Design: Out.of P Roof Angle o
estgn; Oubcizgiane Eccentricity of Floor Conn...  11in
Design: Lintel Eccentricity of Roof Coni 1in
Design: Diaphragm Chords Veneer Type None Ly L 2| -
I Irregularity Checks ASCEFICern
o Status Risk Category I
- = . Site Class D
% Details: Full-Height Elevations & e rerodspertl) 15
%5 Details: Single-Story Walls S1:One Second Spectral...  0.07
Wind Speed (V) 120 mph i N
' — -
Exposure Category B
Exposure Factor (Ce) 1
Topographic Factor (Kzt) 1
Ground Snow Load (pg) 20 pst
Thermal Factor (Ct) 12
Use specified Iu distances False
B r
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Software Inputs

Mapped Ground Snow Load
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Need to know
this.

Software
will
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Software Inputs

Ultimate Wind Speed < 250 mph (ASCE 7-10)

Handbook will l
calculate this.

Need to know
this.



Software Inputs

Mapped Seismic Spectral Accelerations

Handbook will l
calculate this.




Software Outputs

Entire structural analysis calculations...

1 2 3

Axial In-plane
B Reaction Moment
(k) Reaction
6.92-+% (ft‘k)
el Dead 2.76 -0.60
Snow 0.67 -0.28
c-Z WiNdc&(u 0.56 -0.23
D I—x Windaymwer 0.25 -0.10
8.7k S-
Seismic -0.85 0.35
10 0.18 -0.08
1 -0.63 0.26
Rain 0.00 -0.21
12 0.00 3.74

Vertical distribution factor (C.;), Equation 12.8-12, p. 91:

Wl_hlk (333.33 k )(12.00 ft ) 100
U swhk 22,000.00 ft'k

C = 0.18

Lateral seismic force (F;), Equation 12.8-11, p. 91:

F,= C,,V=(0.18)(197.33 k )= 35.88 k

Reactions at Base of Segment

Distributed Distributed
Reaction
Force Left
Value
(Ib/ft)

2,283.33
750.00
631.15

276.15

-948.35
207.11
-711.03
309.50
-5,612.35

Reaction
Force Right

Relevant Internal Forces

472.22
-83.33
-70.82

-30.68

102.16
-23.01
79.00
-3p95n
561

15.0apet

11.04psf

Axial
Force
At Top
(k)

0.33
0.33
0.28

0.12

-0.43
0.09

-0.32

nnn
41161 05,

1504;3 i_
o )

15l04 fper

11.04 psf
1504 et

Axial Out-of-plane  Out-of-plane
Force Eccentric Eccentric
At Middle Moment Moment
(k) At top Middle
(ft-k) (ft-k)
1.96 -0.06 -0.03
0.67 -0.06 -0.03
0.56 -0.05 -0.02
0.25 -0.02 -0.01
-0.85 0.07 0.04
0.18 -0.02 -0.01
0.63 0.05 0.03
nnn nnn nnn
—_— 1161 a2 3
+161 psf
lill(.,mlgff b 05 oef 1161 psf
I8 psf
85 psf
IL81 psf
HHe | pefi
11.04 ps7
1 6T 1504 sF



Software Outputs

Entire structural analysis calculations...

Segment 1 in Wall along grid C from 2 to 3, Story 3
This segment is 16' 8" long and reinforced with 9 #6 bars.

v Moment check
oM, = 1,426.40 ft'k, M, = 4.17 ft'k

+" Shear check

Vm = 203.69 k, V, = 287.03 k, V,, = 345.55 k, ¢V, = 276.44 K, VEiexComp =
184.38 k, VEiexTens = 178.30 k, V, = 20.00 k

/" Deflection check

Ogastic = 0.01 In, 8o = 0.01 in, &, = 1.20 In, I, = 5,083,333.33 In"4,
Lens = 2,660,517.33 in™4, I = 5,083,333.33 in™4, L& = 2,033,333.33 in™4

/" Rho Max check

P. = 10.00 k, Py_max_see = 305.00 k, SBE condition 1 met = True, My/V.d, =
0.60, SBE condition 2 met = True, A = 1,525.00 in2, SBE condition 3 met =
True, pma check required = False, &, = 0.00, &, = 0.00, P,_grpma = 35.83 K,
Aomax = 225.88in2, A, = 3.96 in2

Step 3 - Structural Irregularities Check

The presence of irregularities impacts the design procedure and the general
applicability of Direct Design.



Software Outputs

To the final design...
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Software Outputs

While flagging sections that the software

couldn’t find a solution to.

Code Compliance Status
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# Wall Segments (In-Plane Loading): All 24 are passing
%( Wall Segments (Qut-of-Plane Loading): 5 out of 24 are failing

# Lintels: All 10 are passing

" Diaphragm Levels (Chord Reinforcement): The single level in this structure passes

Structure has no irregularities



Software Outputs

Summary or detailed output reports...

% Choose Report Content - O
Inputs Design Calcs: In-Plane Walls
Full-Height Segment Identification Include summary table
Structure Rigidity Analysis Include factored loads tables
Wind Loads (MWFRS) No Detailed Calcs
Wind Loads (C/C) Design Calcs: Out-of-Plane Walls
Seismic Loads (full structure) Include summary table
Seismic Loads (out-of-plane) Include factored loads tables
Snow loads No Detailed Calcs
Analysis: Vertical loads Include header/sill panel checks
Analysis: Lateral load summary Design Calcs: Lintels
Analysis: Floor loads Include summary table
Irregularity Checks Include factored loads tables
No Detailed Calcs

Design Calcs: Diaphragm Chords

Including all items can result in long report generation times of several minutes.
Select All | ‘ Select None Cancel | | Generate Report




What Direct Desigh Does Not
Do.

Does not design the diaphragms (roof/floor).
Does not design the foundation.

Does not design the connection system between
the masonry and supports.

Limited to the structural and non-structural
masonry components.
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L

P
m

H m.. i,
mm

: \\w\\\\\\\\\wm il

Wind Zones in the United States

i ., §

74

SN

m E iy

m.\\\\\\ mm % Y
13777 .ww \\\\\ﬁ\\\\\xm\\\\*

st

Mapped wind speed < 250 mph

L]
Salt Laws Oy
X
N

Wind Zones

ZONE Il
(160 mph)

N |

4
§n¢
%\\\M &
®
s 2

El
]

|: | ZONE Il
(200 mph)
- ZONE IV
(250 mph)

i

)

NN Special Wind Region

* Hurricane-Prone Region

26



Limitations

* Building height < 60 feet
* No funky roofs

hip end

27



Limitations

* Joist spacing of 10 feet or less.
 Architectural features.

28



Limitations

* Units must comply with ASTM C90.
e Standard mortar and grout.

2.5.4 Grout — Grout shall comply with ASTM C476
and shall have a specified compressive strength, f°;. that
meets or exceeds the specified compressive strength of
masonry, f .

Table 2.5.2 — Permitted Mortar Types by Seismic
Design Category

SDC A, B,and C SDCD,E,and F
Type N, S, or M Type S or M mortar
masonry cement mortar cement mortar

Type N, S, or M mortar Type S or M non-air-
cement mortar entrained portland cement-
lime mortar

Type N, S,or M Type S or M masonry
portland cement-lime cement mortar used in
mortar fully grouted masonry

construction




Limitations

e Rebar: No. 4 thru No. 9, Grade 60

30



Limitations

* Cladding weight < 50 psf.
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Limitations

 No extreme loading types (e.g., blast).
* Axial load eccentricity t/2 plus 3 inches.

2.4.1 Load Types — The provisions outlined in this
Handbook shall not be applied to the design of structures
that include design loads other than roof dead and live
loads, floor dead and live loads. snow loads., wind loads.
seismic loads, soil loads. and ram loads.

2.4.2 Eccentricitv of Loads — The maximum
eccentricity of applied axial loads shall not exceed half the
thickness of the masonry wall plus 3.0 in. (76 mm).

2.4.3 Concentrated Loads — Masonry designed in
accordance with this Handbook shall not support
concentrated loads not otherwise permutted by Section
2.3.6.



Limitations

 Diaphragm limits to avoid complex
irregularities.

3.2.8.4 Diaphragm Classification — Diaphragms
shall be classified as either flexible or rigid m accordance

with Table 3.2.8 4.

2.3.4 Diaphragms — The roof and floor systems shall

consist of one or more rigid or flexible diaphragms and
meet the following requirements:

Table 3.2.8.4 — Diaphragm Classification

Diaphragm Construction Diaphragm
Classification

Wood structural panels Flexible

Untopped steel decking Flexible

Concrete slab

See Section 3.2.8.4.1

Concrete filled deck

See Section 3.2.8.4.1

Other — flexible diaphragm

Flexible

Other — rigid diaphragm

Rigid

The maximum plan dimension of a single
diaphragm shall not exceed 200 ft (61.0 m).

Each diaphragm shall be rectangular in plan
dimensions.

Diaphragms of a single building shall not be
offset in plan.

The larger plan dimension of a diaphragm shall
not exceed four times the shorter plan dimension
of the diaphragm.
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Limitations

If a software input isn’t covered by Direct
Design, an error message will appear.

Validation Errors

Please correct the following validation errors:

Wind 5peed (V): Cannot be greater than 250.00 mph.

OK



Gut-Check

Direct Design targets the design of:
e Common masonry buildings;

* The majority of the masonry in these
buildings.




Integration

Few use one software package today...

AUTODESK
REVIT

== EleMasonry

2 3DIQ
IMi.i Masonryi@

i Masonry Design Software
Plug-In For Revit

Direct Design




Software Demo

Using the software...

File Options Tables

K ﬂ = lJ Ezf a_,' =

W Inputs: Plan

ﬁ Inputs: Elevation

# Analysis: Full-Height Segments
& Analysis: Structure Rigidity

#‘ Procedure: Misc

#* Procedure: Irregularities Check
3 |oads: Wind (MWFRS)

> Loads: Wind (CnC)

3 Loads: Seismic (Total Structure)
€ Loads: Seismic (Wall Out-of-Plane)
€ Loads: Snow

4> Loads: Floor Distribution

* Loads: Vertical Distribution

> Loads: Wall In-Plane

&l Design: Iri-PIang

&l Design: Out-Of-Plane
l Design: Lintel
5 Details

i General Criteria

Joist Direction

CMU Block Weight
Default Wall Weight
Roof Dead Load

Add'l Plan Seis. Load
Preferred LFRSO

fm

Steel Fy

Roof Pitch

Ave. Roof Abv. Ground
Veneer Type
FloorDeadlLoad
FloorLiveload
Roofliveload

Floor Joist Conn. Ecc.
Roof Joist Conn., Ecc.
ASCE 7 Criteria

Risk Category

Ground Snow Load (pg)
Wind Speed (V)
Exposure Category

Site Class

Spectral Accel-1sec (51)
Spectral Accel-short (Ss)

Use specified lu distances

Thermal Factor (Ct)
Exposure Factor (Ce)
Topography Factor (Kzt)

%

Normal Weight
80 psf

20 psf

10 psf
ORMSW
2000 psi
55555 psi
0°

0ft

None

15 psf

35 psf

20 psf
3in

2in

n

20 psf
90 mph
B

D

0.5
0.4
False
1.2
0.9

1.5

20

Direct Design 3.0
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Questions?

Thank you for your time!

13750 Sunrise Valley Drive

NATIONAL
: CONCRETE MASONRY Herndon, VA 20171
ASSOCIATION
Sustainable Concrete Products for Structures and Hardscapes 703 . 7 1 3 . 1900

jthompson@ncma.org

WWW.NncCma.org



