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Disclaimer

Disclaimer: The information and documents in this report have been provided for
educational purposes only to assist owners, builders, and designers in
understanding the structural aspects of concrete masonry tornado shelter design.
They are not intended to serve as an end product. Any use or reuse of the
information or documents will be at the end user’s sole risk and without any liability
or legal exposure to the authors, the Masonry Institute of St. Louis, or the NCMA
Education and Research Foundation.
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Tornadoes are among the most dangerous and destructive of nature’s phenomena,
as most people in the Midwest know well. Those who grew up in rural areas may
remember heading down into Grandma’s “storm shelter” to wait out the storm,
surrounded by last season’s canned beans and peaches. Others may recall the
annual “tornado drill” at school when everyone was instructed to gather in the
hallways, away from the windows, with heads tucked down.

While some approaches to tornado protection in the past were better than others,
and most were better than doing nothing, current codes and standards have taken
a more proactive direction. For several code cycles, the International Building Code
(IBC) Section 423 required that if storm shelters were specified in project
documents, they had to be designed and constructed per the provisions of ICC 500,
Standard for the Design and Construction of Storm Shelters. That standard is a
collaboration between the International Code Committee (ICC) and the National
Storm Shelter Association (NSSA). The original ICC/NSSA consensus committee
reviewed previous NSSA documents and FEMA P-361, Safe Rooms for Tornados
and Hurricanes, published by the Federal Emergency Management Agency. While
the information from these documents served as a basis for ICC/NSSA committee
consideration, the exact provisions adopted were determined based on the scope
and intended use of the ICC 500 standard, namely, to provide minimum life safety
protection during severe windstorm events. With the 2015 version, the IBC began
mandating tornado shelters compliant with ICC 500 for critical emergency operation
facilities and most Group E (Educational) projects located within the 250 mph zone
of the ICC 500 tornado wind speed map.

The IBC mandate was of great interest to us here at the Masonry Institute of St.
Louis (MISL) not only because we are located nearly at the center of the 250 mph
tornado wind speed zone, but also because we know tornado shelter walls should
be built with durable, strong, impact-resistant materials that do not require a large
up charge in first cost compared to constructing non-shelter walls with the same
materials. We at MISL feel strongly that structural concrete masonry walls fit this
description.

Through a grant from the National Concrete Masonry Association Education and
Research Foundation and with assistance from the Mason Contractors Association
of St. Louis, MISL has created three prototype buildings related to education projects
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to study the structural effects of using reinforced concrete masonry for ICC 500
compliant tornado storm shelter walls.

The first step in the process was a 1-'2 day storm shelter summit held at MISL in
June of 2021. The summit participants included masonry designers, mason
contractors and their field personnel, and masonry suppliers. Topics of discussion
during the summitincluded: What shelter roof systems match up best with concrete
masonry walls? What are the safest ways of connecting those roof systems to the
masonry walls? What effect does the roof system selection have on the overall
design of the concrete masonry walls? This report, and the accompanyingdrawings,
hopefully answer these and other questions for architects, engineers, owners, and
other stakeholders considering potential tornado shelter wall systems in the future.

This reportis also intended to supplement the Storm Shelter Design Guide released
in 2015 by the National Concrete Masonry Association, now the Concrete Masonry &
Hardscapes Association (CMHA). While our report focuses primarily on structural
design concepts related to the three prototypes developed, the Storm Shelter Design
Guide gives a much fuller discussion of architectural requirements related to a single
classroom wing tornado shelter prototype and is highly recommended for additional
study.

The National Concrete Masonry Association Education and Research Foundation is
dedicated to supporting research to better codes and standards for masonry design
and construction, and to promote interest in the use of concrete masonry as a
building material. Their support in producing this report is much appreciated.

David A. Gillick, Chairman

Darrell W. McMillian, PE
Masonry Institute of St. Louis
St. Louis, Missouri
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NCMA Education and Research Foundation Project:
2021.009 — Storm Shelter Summit.

The management of the study and this report include:

CMHA Staff Project Manager:Nick Lang, PE
nlang@masonryandhardscapes.org

Concrete Masonry & Hardscapes Assoc.
703-713-1900

CMHA Staff Assistance: Jason Thompson
jason@coltivomae.com

Coltivomae, LLC

571-201-3446

Principal Investigators:

David Gilick Dave.mca@masonrystlouis.com

Darrell McMillian, PE  misldarrell@masonrystl.org (retired)
Masonry Institute of St. Louis (MISL)

314-645-5888

Report Assistance:

David Biggs, PE, SE  biggsconsulting@att.net
Biggs Consulting Engineering

518-495-5739

The Foundation funded a 1-2 day summit in June 2021 that brought together
structural engineering experts from within the masonry industry to discuss and
develop the design and detailing forthe construction of CMU tornado storm shelters.
This was to be accomplished by creating prototype buildings representing basic K-
12 educational applications. The following prototypes were decided upon for further
study:

» Prototype No. 1 - Elementary School Music Room (small shelter)
* Prototype No. 2 - Elementary/Middle School Gymnasium (medium shelter)
» Prototype No. 3 - High School Gymnasium (large shelter)
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This report is the result of the storm shelter summit and subsequent discussions and
is intended to supplement the existing Storm Shelter Design Guide funded by the
National Concrete Masonry Association (now the Concrete Masonry & Hardscapes
Association) in 2015. That document is available at:

https.//www.masonryandhardscapes.org/resource/cmu-man-005/.

The criteria for designing storm shelters are provided by ICC 500, Standard for the
Design and Construction of Storm Shelters. 1CC 500 development was based on
FEMA P-361, Safe Rooms for Tornadoes and Hurricanes. As noted by FEMA P-
361, “All safe rooms are storm shelters, but not all storm shelters are safe rooms.”

Table A1-1 from FEMA provides a matrix of terminology.

A key element is that safe rooms provide “near-absolute” protection, while storm
shelters may not. Therefore, P-361 requires additional steps in addition to ICC 500.
To receive FEMA funding for a project, P-361 must be followed.

Sheltering Terminology Table®

FEMA ICC 500

Safe Room Storm Shelter
Designed to minimum building code requirements Yes Yes
Designed to provide life-safety protection per ICC 500 Yes Yes
Designed to provide near-absolute protection Yes Maybe

per FEMA P-361 criteria

Intended for use following a high-wind event No No
for people requiring temporary shelter as
community recovery efforts begin

(a) Based on FEMA P-361 Table A1-1.

(b) Due to limited criteria differences between ICC 500 and FEMA P-361, some
storm shelters may also qualify as safe rooms.
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Prototype Design Criteria and References:

1.

The prototype storm shelters were developed from a structural masonry
perspective with some architectural considerations. However, designers will
have to evaluate all projects for specific conditions of architecture and

engineering.

A storm shelter can be a part of an essential facility as required by the
International Building Code. However, this documentis not intended to address

essential facilities in general.

Each prototype building is a discrete structure that is not connected to an
adjacent structure that imparts wind or seismic loads on the prototype. The
suggested details are specific to these buildings and are not general to all
masonry construction. The designers must evaluate the adequacy of these

details for their project.

Codes and standards: These were used in the design and development of the

prototypes.
» 2018 International Building Code (IBC), Section 423

+ 2014 1CC 500, the ICC/NSSA Standard for the Design and Construction of

Storm Shelters

* ASCE 7-16, Minimum Design Loads and Associated Criteria for
Buildings and Other Structures

* TMS 402-16, Building Code Requirements for Masonry Structures
+ TMS 602-16, Specifications for Masonry Structures

Key structural elements of the prototypes include the foundation, floor slab,
masonry walls, and roof structure. The prototypes provide detailed information
on the structural masonry walls and allow the designer to match that

information with various foundations and roof systems.

Foundation systems could be:

* Reinforced concrete — foundation walls and strip footings
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+ Reinforced CMU: fully-grouted reinforced concrete masonry foundation
walls and concrete strip footings

* Reinforced concrete foundation walls supported by piles, caissons, or piers

For each of the foundation systems, the base of the wall is presumed to be
pinned for structural purposes (This will be discussed further in Appendix A).

The designer can modify this assumption when and where appropriate.

No design calculations were performed for the foundations shown for each
prototype. The final foundation type and design are the responsibility of the

registered design professional (RDP) for the project.
Roof framing systems could be a concrete topping slab, along with:
» precast concrete — planks, double tees, or box beams

» structural steel — composite steel beams or trusses, or deep long-span

joists

For any roof system, a concrete topping slab is often used to provide a) impact
resistance, b) a structural diaphragm, and c) additional weight for uplift
resistance. For all prototypes, the roof structure is assumed to provide a rigid
diaphragm as defined by ASCE 7.

Schematic and preliminary designs were only performed for each prototype
roof system. Final roof system selection and design are the responsibility of
the registered design professional (RDP) in conjunction with the

manufacturer’s guidelines.

5. The structure acts as a box. The connections of the masonry walls to both the
roof structure and the foundations are elements vital to maintaining the integrity
of the building during a tornado. Failure of the connections will significantly

impact the performance of the entire structure.

6. The prototypes are based on using fully-grouted, single-wythe loadbearing
concrete masonry units. The foundation walls and footings are reinforced

concrete.
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While the
building code
does not
preclude the use
of masonry
veneers for storm
shelters,
designers cannot
rely on the
veneer unless
the design
assembly has
been evaluated
and approved to
resist tornado

loads and impact.

Otherwise, the
veneer could
become be
dislodged and
produce flying
debris during a
tornado.

7.

11.

12.

10.

Design Criteria

The prototypes were developed without an anchored veneer. Designers can
also use cavity wall construction, i.e., concrete masonry with anchored veneer.
However, TMS 402 does not provide prescriptive requirements for the
anchorage of veneers to resist tornado-level loads. In addition, the veneer
would be considered sacrificial unless it was specifically engineered to resist

impact and remain in place.

The prototype designs are based upon TMS 402, Strength Design Method
(Chapter 9).

ICC 500, Section 107.3.2 requires the registered design professional (RDP) to
prepare a quality assurance plan for the main wind force-resisting system

(MWFRS) and each wind-resisting component.

ICC 500 Section 107.3.3 requires that the mason contractor responsible for the
construction, fabrication, or installation of a main wind force-resisting system
or any component listed in the quality assurance plan submit a written
statement of responsibility to the authority having jurisdiction, the RDP, and the

owner before beginning work on the system or component.

Special Inspections and Structural Observations are required as noted in ICC
500, Section 106, Inspections and Structural Observations. In addition, use
TMS 402, LEVEL 3 Special Inspections and IBC Section 1704, Special
Inspections and Tests, Contractor Responsibility, and Structural Observation.

Before construction, an independent peer review of tornado shelter designs is
required by ICC 500, Section 106.1.



Generally,
tornado-level
loads control
the structural
design rather
than seismic
loads.
However, all
tornado and
seismic
design
requirements
must be
evaluated.
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Site and Building Characteristics

Prototype Site and Building Characteristics:

1.

Because it falls within wind Zone IV (250 mph) per ICC 500 (Figure 2), the
St. Louis area (ZIP Code 63117) was chosen as the representative prototype

building site.

Notes:
1. Values are nominal three-second gust wind speeds in miles per hour
at 33 feet above ground for Exposure Category C.

WIND SPEEDS

130 MPH
1160 MPH
[ 200 MPH
[ 250 MPH

American Samoa 200 mph
Guam 250 mph
i 160 mph
200 mph

Virgin Islands 200 mph

2. Muttiply miles per hour by 0.447 to obtain meters per second.

Figure 1—1CC 500-14 FIGURE 304.2(1), SHELTER DESIGN WIND SPEEDS FOR

3.

TORNADOES (Courtesy of International Code Council)

Occupancy Classification: Education E per IBC Section 423.4.

4234

Group E Occupancies. In areas where the shelter design wind speed
for tornados is 250 mph in accordance with Figure 304.2(1) of ICC 500
all Group E occupancies with an occupant load of 50 or more shall have
a storm shelter constructed in accordance with ICC 500.
Exceptions:

1. Group E day care facilities.

2. Group E occupancies accessory to places of religious worship.

3. Buildings meeting the requirements for shelter design in ICC 500.

Risk Category = Ill per ASCE 7, Table 1.5-1.
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4.

ICC 500 allows a
storm shelter to be
designed as an
enclosed building
(GCpi = +/-0.18)
provided there is
venting and a flat
roof per Section
304.7, Atmospheric
Pressure Change
(APC).

FEMA P-361
recommends safe
room designs use
GCpi = +0.55.

The prototypes
used GCpi = £0.55.

Site and Building Characteristics

Roof Live load = 100 psf per ICC 500, Section 303.2.

Roof System Dead Load:

The roof system's dead load is an important parameter and affects both the

amount of wind uplift to be expected and how the masonry walls below

perform. Each of the possible roof framing systems discussed previously

has varying associated dead loads.

Later in the report, the dead load

estimated for design is listed for each prototype.

Wind Design Parameters per ICC 500:

a.

b.

Tornado design wind speed = 250 mph

Wind Exposure Category = C (no adjacent shielding)
Wind Enclosure Classification = partially enclosed
Kz=1.0; Ki=1.0; Ke=1.0

Internal pressure factor, GCpi = +/- 0.55

ICC 500 requires that potential “laydown” loads from surrounding
hazards, such as taller adjacent buildings and radio towers, be
considered when designing shelters, but gives no further design-related
guidance. Because this varies with the site in question, no laydown
loads were considered for the prototypes.

Note: Aside from the specific wind parameters required by the ICC 500,
wind pressures and base shears are calculated as for low-rise non-
shelter structures except at a much higher design wind speed. For the
prototypes, ASCE 7-16 Chapter 28, Part 1, was used for the main wind
force resisting system (MWFRS) roof and wall pressures, and Chapter
30, Part 1, was used for the components and cladding (C&C) wall
pressures. Resulting MWFRS field and edge zone wind pressures were
applied to the roof systems where appropriate. Worst-case MWFRS and
C&C corner zone pressures were used for the design of the wall
systems. The masonry wall extensions at the roof lines were kept to a
minimum and serve only to enclose the roof insulation and roofing, and
were not considered as parapets for wind calculations.
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7.

10.

ICC 500 impact
resistant door and
window units are
required for all
openings.

Site and Building Characteristics

Seismic Design Parameters:

a. Soil Site Class =C

b. Seismic Importance Factor, e = 1.25
c. Ss=0431, S1=0.157

d. Sbs=0.374, Sor=0.157

e. Seismic Design Category = C

f.  Shear Wall Class: Intermediate Reinforced Masonry Shear Wall

Note: The St. Louis area is in a high seismic zone, with seismic design
categories commonly being SDC C or D for design purposes. Because the
tornado wind loads drive most of the masonry wall reinforcement decisions,
SDC C was selected for the prototypes.

Seismic and wind load base shears and pressures are listed individually for
each prototype later in the report.

Roof system to masonry wall bearing eccentricity varies for each prototype,
but the loadbearing wall eccentricity used was generally one-third the wall
width, i.e., e = CMU unit thickness/3.

ICC 500 Wall Impact Resistance:

All tornado shelter prototype walls are fully grouted, single-wythe reinforced
concrete masonry. The vertical reinforcement for all prototypes exceeds the
“deemed to comply” impact requirements of FEMA P-361 (Figure 2).

#4 rebar spaced Every cell
(at 32 inches o.c. / fully grouted

Iﬁinches

|«—>
K Every cell fully grouted

odjogeal]

l—>|

16 inches

a Fully grouted 6 inch
CMU with #4 rebar
spaced at 32 inches
on center (o.c.) and
at every opening
and each corner

#5 rebar spaced
at 48 inches o.c.

b Fully grouted 8 inch
CMU with #5 rebar
spaced at 48 inches
on center (o.c.) and
at every opening
and each corner

8 inches

Figure 2 — Figure B8-18 from FEMA P-361 (Courtesy of FEMA)
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Concrete Masonry Units (CMU):

Lightweight CMU (105 pcf)was selected for ease of construction by masons. CMHA
reports that this density is the most commonly used for lightweight units. Other CMU
densities can be used, keeping in mind the effect that selection will have on overall
wall weight for seismic considerations and uplift resistance.

Common CMU shapes are shown in Figure 3. As a worst case for reinforcement
area to available cell size, stretcher concrete masonry units were assumed for the
design of the prototypes; however, other CMU shapes can be used to facilitate the
installation of the reinforcement, such as the H-shape or the A-shape. Open-end
units allow for installation of the units without lifting over the vertical reinforcement,
which can be advantageous if the mason chooses to grout using the high-lift method
rather than low-lift.

Reinforced bond beams were not required in the field of the prototype walls except
for horizontal reinforcing bars contained in bond beams at bearing height locations,
at the top of walls, and above and below openings. It is assumed that “lintel” units
would be used directly over door and window openings and “knock-out” units

elsewhere.

Standard Stretcher Open End
Unit Unit “A” Unit
Double Open End Bond Beam Unit Bond Beam Unit

“H” Unit “Lintel” “Knock Out”

Figure 3 — Units from TEK 02-05B (Courtesy of CMHA)
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Masonry Mortar:

Portland-cement lime (PCL) mortar, Type S, was assumed for all prototypes. A
recommendation is that field mortar recipes be determined by the ASTM C270,
Proportion Method. This method requires no pre-construction mix design testing as
recipes are selected from ASTM C270 Table 2 (Figure 4). Field mortar quality
assurance is verified by inspecting that the mix proportions are maintained by the
mason according to the approved standard recipe.

Proportions by Volume

Mortar Type Cement Lime (Hydrated) Aggregate Ratio
M 1 1/4
S 1 >1/4t01/2 Between 2 1/4
Cement-Lime and 3 times the sum
N 1 >1/2to11/4 of cement and lime
(0] 1 >11/4t021/2

Figure 4 — Standard PCL Mortar Recipes by Proportion Method
(Based on ASTM C270, Table 2)

In place of the Proportions Method, the designer has the option to specify or allow
the mortar to conform to either ASTM C270, Properties Method, or ASTM C1714,
Preblended Dry Mortar Mix for Unit Masonry.

Other mortar materials may be used, such as mortar cement and masonry cement,
if approved by the RDP.

Masonry Grout:

ASTM C476 conventional grout, coarse or fine, is appropriate for the prototypes.
TMS 602 Article 2.2 requires that the grout compressive strength (fs) meet or exceed
the design fm. Standard ASTM C476 grout recipes are considered adequate for g
up to 2,000 psi. Because the design fm value used for Prototypes No.1 and 2 is
2,500 psi, and 3,000 psi is used for Prototype No. 3, field mixed or ready-mix grout
recipes must be determined per the ASTM C476 strength method and approved
before construction. Pre-construction and construction verification of fg > fm should

be done per ASTM C1019 testing procedures.



'm = 2,500 psi
and 3,000 psi
are commonly
used based on
readily available
units from CMU
manufacturers.
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Compressive Strength of Masonry, ' :

For the masonry wall design of Prototypes No. 1 and No. 2, fm = 2,500 psi was used.
For Prototype 3, fm = 3,000 psi was used. These strengths were used for the
prototypes to optimize the wall heights. Designers could use other values based on
their wall heights.

The fm used for design calculations must be field verified before construction (and
sometimes during construction). The most straightforward method for verifying i is
the TMS 602 Unit Strength Method. When using the unit strength method, the
required compressive strength of the masonry units is shown in TMS 602, Table 2
(Figure 5). For Prototypes No. 1 and 2, the compressive strength of the units must
be at least 3,250 psi when using Type S mortar. For Prototype 3, the compressive
strength of the units must be at least 4,500 psi. The mason always has the option to
test prisms, made using project CMU and mortar materials, to determine fim.
However, this requires additional pre-construction testing and approval.

Table 2 — Compressive strength of masonry based on the compressive
strength of concrete masonry units and type of mortar used in
construction

Net area compressive Net area compressive strength of ASTM C90
strength of concrete masonry units, psi (MPa)
concretzzl\:;n:;)lnry, st Type M or S mortar Type N mortar

1,750 (12.07) e 2,000 (13.79)
2,000 (13.79) 2,000 (13.79) 2,650 (18.27)
2,250 (15.51) 2,600 (17.93) 3,400 (23.44)
2,500 (17.24) +——3.250224D ] 4350 (28.96)
2,750 (18.96) 39002689 | -
3.000 (20.69) +——45003103) | |

! For units of less than 4 in. (102 mm) nominal height, use 85 percent of the values listed.

Figure 5— TMS 602, Table 2 (Courtesy The Masonry Society)
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Horizontal and Vertical Bar Reinforcement:

ASTM A615, Grade 60 or A706, Grade 60.

Horizontal Wire Joint Reinforcement:

ASTM A951, hot-dipped galvanized, W1.7 (9 gauge) ladder wire at 16” on center
unless noted otherwise for crack control.

Connectors (Plates and Bars):

ASTM A36 (£,=36,000 psi)
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Control joints (movement joints for CMU) are typically used to control shrinkage
crackingin concrete masonry walls, but not to eliminate cracking. CMHA CMU-TEC-
009-25, Crack Control Strategies for Concrete Masonry Construction, addresses
control joints and was used for the prototypes.

There is an option to eliminate joints or use relief joints, but that requires sufficient
horizontal reinforcement in bond beams, as noted in Section 6.0 No Control Joints —
Horizontal Reinforcement Only of the TEC note. This method is more commonly
used in high seismic zones where the shear wall reinforcementis often sufficient to
meet the crack control requirements, but the method is applicable in all seismic
zones.

ICC 500, Section 306.8 has specific requirements for joints, gaps, and voids in the
storm shelter envelope and states:

306.8 Joints, gaps or voids in shelter envelope. Joints, gaps or voids in a
shelter envelope that opens into the protected occupant area similar to
masonry control joints, expansion joints, opening protective device shim
spaces, air louver blades, grates, grilles, screens or precast panel joints shall
be considered openings and shall be protected in accordance with Sections
306.3 and 306.4.

Exceptions:

1. Masonry control joints, masonry or concrete expansion joints or
precast concrete panel joints 3/8-inch (9.5 mm) or less in width, sealed
with joint material in accordance with TMS 602 for masonry or ASTM
€920 for concrete.

2. Joints, gaps or voids that will not allow a direct debris path through
the shelter envelope into the protected occupant area. Debris shall impact
at least two surfaces meeting the missile impact criteria of Section 305.1
prior to arriving at the protected occupant area. Straight missile paths
and elastic impacts are assumed in determining missile trajectories.

The principal issue here is that standard 3/8-inch masonry control joints meet the
requirements for use in storm shelters, so that industry-standard details are

sufficient.

CMHA TEC-009-25 provides several options for control joints where the horizontal

joint reinforcement is discontinuous at the control joints (Figure 6).



Commonly, bond
beams are used
as diaphragm
chords,
particularly for
roofs with a
flexible
diaphragm
(metal deck,
wood deck, etc.).
This will be
discussed on p.
21.

Control Joints
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Figure 6a was used in the prototype designs for all control joints where horizontal

joint reinforcement is discontinuous.

Horizontal joint *Vertical reinforcement,
reinforcement, as required as required

[EREEE | W EEE

Stop joint
reinforcement at
control joint — - |

Sealant T Backer rod

Figure 6a — TEC-009-25 Figure 7c (Courtesy of CMHA)

Detail 6b is not shown on the prototype drawings, but applies where the horizontal
reinforcement needs to be continuous for structural purposes for the bond beams at
the roof-bearing height locations. The bars are fully continuous and must be able to

transfer tension. Lap splices can be placed wherever desired.

Reinforcement continuous through control joint where
required for structural purposes.

1] Il “

—= Control joint backer rod and sealant
continuous with control joint in wall

Figure 6b — Continuous reinforcement
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A raked joint is shown only at the face shells of the CMU and not through the grout,
so the aesthetic appearance of the joint matches the wall below.

Figure 7 shows possible sealant profiles at control joints.

Concrete mason ry units

Square backer rod or
raked mortar joint with

tape or other bond break
= Backer rod
|

| |

Sealant

8a - Round backer, common application 8b - Square backer or raked mortar, may
reduce sealant stress

Figure 7 - TEC-009-25 Figure 8 (Courtesy of CMHA)

For the prototypes, control joint locations were chosen to allow door and window
openings to be centered within control joint spacings. This may not be possible for
all projects, but it maximizes available masonry jamb wall widths and removes the
need for control joints at the upper corners of openings as the openings can be
wrapped or trimmed with continuous vertical and horizontal reinforcement. This
reinforcement also improves structural performance between the masonry above

and alongside openings.
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Reinforcement and Splicing

This section is a general discussion regarding reinforcing and splicing. Specific

reinforcement and splicing information for each prototype is given on the drawings.

Vertical Reinforcement:

Vertical reinforcement provides the critical load path to anchor the roof structure to

the foundation as well as provide the lateral load capacity for the walls (Figure 8).
The amount of reinforcement and the detailing of the splices (Items 4 and 5 in the

figure) and the connection between the steel beam anchors and the wall

reinforcement (Item 3 in the figure ) are essential design elements.
prototype designs for actual examples.

Steel beam properly
welded to base plate

Grouted base plate with

Wind uplift

2 hooked anchor bolts

Concrete Slab reinforcement
deck /
¢ 1 |
A i N 5 TSI SRS STV |
/\(v Steel beam T

2 horizontal reinforcing bars

NOTE: A single bond beam will
be adequate in most cases. \A

Use a double bond beam when

large wall openings are present.

Verical reinforcement —— |

Horizontal joint reinforcing
every other course

Overlap for reinforcing steel
determined from uplift and
lateral wind loads

Lap splice in accordance
with Masonry Code

O—0O—-O continuous load path

1.

Uplift pressures act on roof.
Slab reinforcement transfers
load through slab.

Studs on top flange of I-beam
transfer loads to steel beam.

. Anchor plate is welded to steel

beam. Hook bolt or stud
transfers load to bond beam.

. Vertical wall reinforcement

transfers load through wall.

. Wall reinforcement overlaps

foundation reinforcement to
carry loads into foundation.

. Foundation distributes load

and transfers forces to ground.

Grade
VISZES

B ‘_-‘.A‘.'S'Iahdn,.gr‘éde:

SSSS

Hook vertical bars
in foundation

Figure 8 — FEMA P-361, Figure B3-7 (Courtesy of FEMA)

See the
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From a design perspective, some critical loading combinations (wind or seismic)
include the simultaneous application of the loads horizontally and vertically to the
building. So, the walls and top-of-wall connections must transfer out-of-plane forces
simultaneously with the uplift or download on the walls. For buildings not in tornado
zones, the uplift applied to the walls is often fully or partially offset by the weight of
the roof. For tornado loadings, the uplift is usually greater than the weight of the roof
structure.

In the prototype designs, the typical wall reinforcement provides sufficient capacity
for both the tension uplift and the typical out-of-plane and in-plane loads. For some
designs, dedicated tension tie downs within the walls might be advisable.

Horizontal Reinforcement:

Horizontal reinforcement can be provided for a) crack control, b) in-plane shear, c)
load distribution around openings for lintels and wall panels above and below the
openings, and d) diaphragm chords or bond beams at each level.

a) Crack Control

The control joints have been positioned per CMHA CMU-TEC-009-25, Crack
Control Strategies for Concrete Masonry Construction recommendations
using the Empirical Method. The joints forming the wall panels are spaced
25-4” ft maximum, and the ratio of length to height is less than 1.5. The
minimum horizontal reinforcement is not less than 0.025 in.?/ft (52.9 mm?/m)
of height. This translates to W1.7 (9 gauge) (MW11) ladder-type horizontal
joint reinforcement spaced at 16 in. on center.

b) In-Plane Shear

TMS 402, Table CC-7.3.2-1 provides the Shear Wall Designations permitted
for each Seismic Design Category (SDC). A portion of that table is shown
below for the reinforced masonry shear walls (Ordinary Reinforced,
Intermediate Reinforced, and Special Reinforced). Unreinforced masonry
shear walls are not practical or recommended for storm shelters in tornado

zZones.
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Note: Starting with
TMS 402-22, there
will be new criteria
for joint
reinforcement used
as shear
reinforcement for
Special Reinforced
shear walls. The
reinforcement
cannot be spliced;
it must be one
length. TMS 402-
22, Section 7.3.2.5

(e)

Reinforcement and Splicing

Partial Table CC-7.3.2-1 Requirements for Masonry Shear Walls Based on
Shear Wall Designation

Shear Wall Reinforcement

Designation

Design
Methods

Permitted In
Requirements

Ordinary Reinforced Section 8.3 or Section
Masonry Shear Walls Section 9.3 7.3.23.1 SHG A Byand
Intermediate Reinforced | Section 8.3 or Section
Masonry Shear Walls Section 9.3 1:3:2:5 S
Special Reinforced Section 8.3 or Section SDCA, B, C, D,
Masonry Shear Walls Section 9.3 7.3.2.6 E,and F

Table Courtesy of TMS.

The required horizontal joint reinforcementfor crack control also exceeds the
minimum prescriptive horizontal reinforcement for Intermediate Reinforced
Masonry Shear Walls in TMS Section 7.3.2.5.
additional horizontal reinforcement is required for in-plane shear.

In the prototypes, no

If the prototypes required a seismic category of D (SDC D), the building code
would have required the lateral load-resisting system to include Special
Reinforced Masonry Shear Walls. The designer would then be required to
use reinforced bond beams or horizontal joint reinforcementwith four 3/16 in.
diameter wires as a minimum.

Load distribution around openings

Reinforced masonry lintels (beams) over openings support masonry panels
above and resist out-of-plane loads. There are two methods typically used
to design for the out-of-plane loads.

One method features masonry panels that span vertically. For panels over
openings, the lateral support is provided by the floor or roof above, and the
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d)

lintel below. For panels below openings, the support is provided by the
foundation below and the sill beam above. The lintel and sill beams span the
opening and extend the full width of the jambs, thereby distributing their loads
into the jambs, which then span vertically. The effective jamb widths used
are described in the text for each prototype.

The second method has masonry panels spanning horizontally to the jambs
on either side. Compared to method one, this method may require greater
horizontal reinforcement in the masonry panels, but less vertical
reinforcement.

For the prototypes, the first method was used (masonry panels spanning
vertically). The lintel design depths were selected to avoid the need for shear
reinforcement (stirrups).

Diaphragm chords

Typically, CMU construction includes one or more bond beams at the roof
level. These bond beams could be designed to function as diaphragm
chords, but for all three prototypes, the diaphragm chords are shown
conceptually being built into the concrete roof diaphragms. No matter where
the diaphragm chords are placed, the roof designer must transfer the loads
from the diaphragm to the masonry walls, provide bearing support for the roof
structure, and design the roof connection to resist all loads, particularly uplift.

The magnitude of the uplift loads for tornadoes is extremely large. The
designer must provide either a) a direct link to the vertical wall reinforcement
by splicing the roof anchorage to the vertical reinforcement. This
reinforcement must safely resist the wall in-plane and out-of-plane tension
requirements, plus the additional uplift tension, or b) direct tension ties
(reinforcement bars) down to the foundation. The three prototypes used a
direct link to the vertical reinforcement by splicing.

As mentioned, the prototype diaphragm chords are in the concrete roof
structure, but designers also have the option to use the roof-level bond
beams or supplemental steel roof framing for the diaphragm chords. In all
cases, multiple bond beams are recommended at the roof bearing to confine
and bond the reinforcement used to transfer the diaphragm shear into the
wall.
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Reinforcement Placement:

TMS 402 and 602 require minimum cover distances and clearances for
reinforcement and other checks to safeguard against over-congestion of CMU cells.

These requirements were followed during the design of the prototypes. The following
graphics (Figure 9) show the general reinforcement placement approach for the
prototypes. The reader is also referred to the drawings that accompany this report.

| | <]§ Clear cover

1 layer o

ofbars | ————- - 2 layers of bars; 2”

in center cover provides at least
| L : 4" clear of face shell.

Position of the vertical bars
CMU thickness varies

_
_

Position of the horizontal bars
relative to the vertical bars
CMU thickness varies

Figure 9 — Reinforcement Placement

Reinforcement Splicing:

Splicing reinforcement is essential to providing a continuous load path from the roof
to the foundation. They may be either lapped splices or mechanical splices using
bar couplers. In either case, the building code requires that these splices achieve
125% of the yield strength of the reinforcement.

Masonry lap slice lengths are determined from TMS 402, Section 6.1.5.1.1,
Equation 6-1.



If the top of
wall

horizontal
reinforcement
is used as the
diaphragm
chords, the
reinforcement
must be lap
spliced for
continuity
through the
control joints
and at
corners.
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0.13d} £,
b= oo 18 vy (Equation 6-1)
Kv%

K shall not exceed the smallest of the following: the
minimum masonry cover, the clear spacing between
adjacent reinforcement splices, and 9d; .

y = 1.0 for No. 3 (M#10) through No. 5 (M#16) bars;
y = 1.3 forNo. 6 (M#19) through No. 7 (M#22) bars;
and

¥ = 1.5 forNo. 8 (M#25) and larger bars.

The K value is based on a cover of 2 inches to the bars from the outside of the face
shell. This provides at least a 2-inch clear distance to the inside of the face shells
so that coarse grout can be used.

The location of the lap splices is another design consideration. Many engineers
assume the walls are pinned top and bottom for lateral support, even if they use a
full lap splice at the bottom. Then, the mid-height of the wall is the maximum moment
location. Although it is not mandatory by TMS 402 to avoid lap splices in the
maximum moment region, it is preferable and recommended. Instead, laps are best
located near the 4 or % points of the wall height, if possible.

As mentioned at the beginning of this section, specific reinforcement splicing
information for each prototype will be highlighted in subsequent sections. In general,
the approach taken was to calculate lap splice lengths per TMS 402 Equation 6-1.
The minimum lap length allowed by TMS 402 is 12 inches. The IBC Chapter 21 lap
splice length cap of 72 bar diameters was not applied. When TMS 402 Equation 6-
1 produces very long lap lengths, mechanical couplers are recommended. This
usually occurs when using larger bars (> No. 6) and/or vertical bars that are offset

from the cell center.

For convenience, the Masonry Designer’s Guide (MDG) Table 9.5.2 provides a table
of lap splice lengths for various bar locations, fm,and masonry unit sizes. The table
does not specifically address lap splices for multiple horizontal bars on bond beams.
The designer should evaluate the splice length for the specific K value for closely
spaced bars.
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The current standards for W1.7 horizontal joint reinforcement require 6-inch splices.
TMS 402-22 increased that to 8 inches (for 9-gauge joint reinforcement) and is
recommended for the prototypes. When horizontal joint reinforcementis used in the
design, ladder-type reinforcement is recommended. Truss-type joint reinforcement
is not recommended because the diagonal wires could interfere with the vertical

reinforcement.
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A storm shelter is assigned its Risk Category based on the occupancy. The
prototypes are derived from school buildings with Risk Category Ill. Some owners
may desire to have their shelters designed as a Risk Category IV.

If a storm shelter is part of an Essential Facility, the Risk Category must be elevated
to IV.

The code-required minimum Quality Assurance Level is determined by TMS 402,
Section 3.1, as shown in Table 6.0.1 below, which is taken from the MDG. The
prototype designs used Strength Design methods from Chapter 9, so they were in
accordance with Part 3.

Table 6.0.1 Minimum Quality Assurance Level

Designed in Risk Category | Risk Category
accordance L I1 or 111 IV
with TMS 402
Part 3 or Level 2 Level 3
Appendix B or
Appendix C
Part 4 Level 1 Level 2
Appendix A Level 1 Not permitted

1 Eeprnt of TMS 402-16 Table 3.1, with editorial
addition of “with TMS 402" to the first column
heading for clarity

Figure 10 — Table 1 from MDG, Section 6.0.1 (Courtesy of TMS)

Therefore, the minimum Quality Assurance Level is 2 for Risk Category 3. The
authors suggest using Level 3.

This leads to TMS 602, Article 1.6 Quality Assurance and Tables 3 and 4 for
minimum Verification Requirements and minimum Special Inspection requirements,
respectively. These tables are partially replicated here, but the full tables in the MDG
(Tables 6.5.1 and 6.5.2) are recommended for users.
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Table 6.5.1 Quality Assurance/Quality Control Checklist for Verification

Verification Task m QA Level
(Number following each item indicates the appropriate Article in TMS 602.
If preceded by MDG, the number references a section in this design guide) ||| 1 | 2 | 3
Verify Compliance of Submittals Prior to Construction
Certification Submiitals per Table 3
Each type, grade, or class of masonry unit used on the project (1.5 B.2.c) M M M
Mortar Materials (1.5 B.2.d) M M M
AAC Thin-Bed Mortar Material (1.5 B.2.d) M M M
Mortar Mix Design (1.5 B.1.3) M M M
Mortar Tests (1.5 B.1.a) 8] 8] 8]
Grout Materials (1.5 B.2.d) M M M
Grout Mix Design (1.5 B.1.b) M M M
Grout Tests (1.5 B.1.b) 9] 0] ]
QCalf rnmsnlidating Ceant WMatarials 711 ST D ad L LY LY )
Table 6.5.2 Quality Assurance/Quality Control Checklist for Special Inspection
Special Inspection Task Frequency per
{(Number following each tem indicates the appropriate Article in TMS 602. Q.A. Level
If preceded by MDG, the number references a section in this design guide) 1 5 R

Inspect for Compliance as Masonry Construction Begins

Attend Preconstruction Meeting (MDG 6.3.2)

Foundation Tolerances and Reinforcement Dowels (3.1 A)

Deliverv, Storage and Handling of all Materials

Appearance/Compliance of all Masonry Materials with Approved Submittals
Proportions of Site-Prepared Mortar (MDG 4.1.5.1; 1.6 B.1 and Table 4)

sipsips)pslpslye]
Jlw olololo
l-INslNslNelNe]

Pranartinne nf Pramivad ar Prahlandad Martar

Figure 11 — Partial MDG Tables 6.5.1 and 6.5.2 (Courtesy of TMS)
M= mandatory; O=optional; P = mandatory for periodic frequency, optional for continuous

frequency

Using these tables, designers can readily develop their project-specific compliance
list for verifications and inspections, or use the tables directly. If the tables are
copied, only give the information for the desired level.

Referto Page 07 of this report (items 9-12) that are specific to the Quality Assurance
plan.
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Prototype No. 1 — Elementary Music Room

Footprint: 30’-8” x 50’-8” CMU: 8inches
0O.A. Height 16-8” Roof Dead Load: 100 psf
Roof Bearing: 14-8” f’m: 2,500 psi

Roof System: Hollow Core Plank with topping

........

--------

This report is T
accompanied h
by drawings
with additional FLOOR PLAN
structural
information,
design loads,
and details.
ZEE

NORTH/SOUTH ELEVATION

_‘ F— CJ(TYP)
AN

WEST ELEVATION (EAST SIMILAR)

-
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Description:

Prototype No.1 represents a small shelter of approximately 1,500 square feet. The
walls are 8-inch single-wythe concrete masonry laid in running bond that is fully
grouted and reinforced. The building has been structurally designed as one open
space with a clear-span roof; however, interior bearing walls could also be used if
preferred architecturally.

Wall control joints are placed per CMHA TEC recommendations. No joints are
recommended at the edge of the openings to simplify the detailing and provide

maximum strength at the jambs.

The size and number of the openings are intentionally minimized to limit their
vulnerability; each door and window must meet ICC 500 tornado specifications as
well. Openings are centered between control joints to maximize available jamb wall
widths to control joints.

Roof Plan: CT  LOAD BEARING WALL  €J
‘ D — 4
a F CJT
EQ Precast plank and toppjing EQ

-

= zZ

<

2 2

@ 1

2 o

E >

< o

w w0

s T

< z

> g

P <

)

Z =
c

CJ 5 - CT
y — — #
cJ LOAD BEARING WALL cJ

Based on the building size and shape, and on industry literature, a hollow core
precast plank system was selected for this prototype. A final design of the roof
system was not performed and would be the responsibility of the designer of
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record in conjunction with the plank manufacturer. Roof slope and drainage
system to be designed by others.

Top of Wall Details:

All masonry is fully grouted. The jamb walls require increased vertical reinforcement
due to the additional load coming from the openings. The uplift coming from the roof
is transferred down into the walls via the No. 5 bent reinforcing bars. The wall
vertical reinforcement was checked for in-plane and out-of-plane tension in addition
to the tension coming from the roof uplift. The bearing height masonry bond beams
provide for plank bearing and anchorage. The concrete topping slab also serves as
chords for the roof diaphragm.

37"%37" #5 REINFORCING 37"x37" #5 REINFORCING
_T.OW. _ BAR AT 24" 0.C. MAX. _T.OW. BAR AT 24" 0.C. MAX.
! . A K| T
18 ’7:1?, DIAPHRAGM CHORD 16°-8 CI?( DIAPHRAGM CHORD
1
CONC. TOPPING CONC. TOPPING
{ r F fF
et e ————
i ey s il o e
H q — A = —r—— = —
HOQOOOIC )
—BEARING 4Q : e M ) _BEARIMNG || l— g —ap— o —.— =— — m
1478 § Z E 1478 Z E
[T TR
1 HOLLOW 283 B HOLLOW CORE SLAB ? E
N CORE SLAB HL:= £
) o ! USE GROUTSTOP 5
= L = [=3
k] ™ = 0" SPACE —| TO S0LID GROUT
L R 0" SPACE ¥ HOLLOW CORE
G | i ENDS, COORD.
\ BEARING w/ MFR.
I
NON-LOAD BEARING WALLS LOAD BEARING WALLS

These details are for the non-jamb wall areas. The jamb areas are similar
except that there are 2 bars in each cell

Wall Reinforcement:

The following elevations illustrate the non-jamb wall reinforcement selected for the
fully grouted prototype; the drawings provide the reinforcement at the jambs. Refer
to the drawings for the jamb reinforcement around openings. Most, if not all, of the
decisions regarding reinforcement were driven by the tornado-level wind pressures.
The effective jamb widths were designed to be either the length of the masonry wall
available alongside the opening or six times the nominal wall thickness, 6t.

The vertical reinforcementwas designed for combined vertical loads, including uplift,
and out-of-plane or in-plane loads. Wire joint reinforcement for crack control at 16”
on center vertically is not shown for clarity.
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Reinforcement Splicing:

The following table summarizes Prototype No. 1 lap splice length requirements:

LAP SPLICE LENGTHS (INCHES) FOR fm = 2,500 psi
UNLESS OTHERWISE INDICATED BY DETAIL OR NOTE
BAR LOCATION
RE'NFDSTZ%EME”T 1VERT. | 2LAYERS | 1HORIZ. | 2HORIZ.
BAR - VERTICAL BAR - BARS -
CENTER BARS® CENTER | 1LAYER
#4 ; ; 12 350
#5 18 31 . )
#6 e sge ] )
W17 ALL LOCATIONS
HORIZONTAL JOINT
REINFORCEMENT 8

a CONTROLLED BY K=2.0 INCHES WHICH WAS SELECTED AS THE BAR COVER FOR THE PROTOTYPE DESIGNS
b CONTROLLED BY K=THE CLEAR SPACING BETWEEMN ADJACENT REINFORCEMENT SPLICES
¢ ALTERMATIVELY, USE MECHANICAL COUPLERS WITH 125% OF THE BAR YIELD STRENGTH
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Prototype No. 2 — Elementary/Middle School Gymnasium

Footprint: 56’-0" x 90’-8” CMU: 12inches and 6 inches
O.A. Height: 30- 0 Roof Dead Load: 75 psf
Roof Bearing: 26’-0” f’m: 2,500 psi
Roof System: PC Double Tees
J— I —
50' x 84
COURT

N

This report is — C—
accompanied FLOOR PLAN

by drawings
with additional
structural
information,
design loads,
and details.

[ N ]
=

NORTH/SOUTH ELEVATIONS
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€1— CJTYP

EAST/WEST ELEVATIONS

Description:

This prototype represents a medium-sized shelter of approximately 5,000 square
feet and could serve as a K-8 activities room or gymnasium. The walls are 12-inch
single-wythe concrete masonry laid in running bond that is fully grouted and
reinforced.

Control joints are placed per CMHA recommendations. No joints are recommended
at the edge of the openings to simplify the detailing and provide maximum strength
at the jambs.

The size and number of the openings are intentionally minimized to limit their
vulnerability; each door and window must also meet ICC 500 tornado specifications.
Openings are centered between control joints to maximize available jamb wall
widths.

Roof Plan:

Based on the building size and shape, and on industry literature, precast concrete
double tees were selected for this prototype. The solid lines shown on the following
roof plan represent the double tee flange edges, with dotted lines indicating
approximate double tee stem locations. A final design of the roof system was not
performed and would be the responsibility of the designer of record in conjunction
with the double tee manufacturer. Roof slope and drainage system to be designed
by others.
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Roof Plan:
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Top of Wall Details:

All masonry is fully grouted. The following top-of-wall details are for both jamb and
non-jamb wall panels, as two vertical bars per cell are required in both cases. The
vertical reinforcementwas designed for combined vertical loads, including uplift, and
out-of-plane or in-plane loads. Bond beams at bearing height provide for the roof
system bearing and wall anchorage. The diaphragm chords are in the topping slab.

The 12-inch wall extends full height for the non-load bearing wall, whereas for the
load bearing wall condition, the double tee shares the 12-inch nominal wall below
with a 6-inch CMU closure wall. That closure wall provides ICC 500 required impact
resistance to the ends of the roof system, and transfers in-plane diaphragm shear
to the 12-inch wall below.

NON-LOAD BEARING WALLS

42°%42" #5
REINFORCING BAR AT ——
1670.C. MAX. , DIAPHRAGM CHORD
TOW. CONCRETE TOPPING
30°- 0" Mie -
'] A _ ]
» - : T —— COMPOSITE
)I sy A e S B . .o tou ROOF
H 2 .
1] e DOUBLE-TEE
;{ . FLANGE

DOUBLE-TEE
STEM AT 48" O.C.

" COVE R;-)L Jgﬂz" COVER
. . i
FULLY u
GROUTE\‘\’

12" CMU

DOUBLE-TEE
ROOF SYSTEM

AT
] [~ BOND BEAMLOCATION T0

MATCH "PERPENDICULAR
TO SPAN" CONDITION

=

7
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LOAD BEARING WALLS

28728 #4 REINFORCING BAR
AT 32" 0.C. MAX.

_TOW DIAPHRAGM CHORD
-0 /— CONCRETE TOPPING
CLOSURE WALL . . ) %
REINF. PER . ==—===—=-3= " ‘| COMPOSITE ROOF
DETAIL 1/26, 0" CLR~_ e T Y
EXTEND VERT. 0 S 75 | IR
BAR 36" INTO S 2T 77T - N DOUBLE-TEE FLANGE
WALL BELOW Sl L - T —DOUBLE-TEE STEM
FULLY GROUTED — ™ RIFRETICLR T 70wy AT4870C.
6" CMU A -~ EMBED PLATE* .. "~ DOUBLE-TEE
. F T~y ‘ = . - ROOFSYSTEM
BEARING ) NS
_zﬁl'_DT'___'l— _I’___-_-_-_'_
0" SPACE—-] D
2 CDVEJZ:.. | \29/
FULLY GROUTED
12" MU 2" COVER

Wall Reinforcement:

The following elevations illustrate the non-jamb reinforcement selected for the fully
grouted prototype; the drawings provide the reinforcement at the jambs. Most of the
decisions regarding reinforcement were driven by the tornado-level wind pressures.
For this prototype, the effective jamb widths used are six times the nominal wall
thickness, 6t. Wire joint reinforcement for crack control at 16” on center vertically is
not shown for clarity.

DESIGNATES 6" CMU CLOSURE WALL (3) COURSE BOND BEAM
s
CONTROL JOINT / VERT.REINF.. (1)#5AT 16" O.C., /(1) #5 HORIZONTAL BAR EA. COURSE,
s ALL WALL SEGMENTS .j ALL WALL SEGMENTS
I
Kt ¢ cl / ¢ ci / c
B w7 w7 / 7 .
B xy £ d N
_BEARING | 3}:::::::: e e i L e e Ry PRy g 2.10
- [ e e e s e P e o e e e v (1) COURSE BOND BEAM
) — (1)
= i NJ| (1) #5 HORIZONTAL BAR,
1 D] I:I | ALL WALL SEGMENTS
5 =, s “ (2) COURSE BOND BEAM
s 2 T i N o T (2) #6 BARS EA. COURSE,
ol 21°- 4 frorr24 - 0 24 -0 21 -4 ALL WALL SEGMENTS
a (2) #6 AT 8" O.C. - | SEE DETAIL 1/2.7 SEE DETAIL 1/2.7 (2) #6 AT 8" O.C. 2
o Ei——— / "

FINISHFLOORy__ +,
0\ - uﬂ ~

S
a90- 8 *
A ‘\,l A ™

NORTH/SOUTH ELEVATIONS (LOAD BEARING)
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(3) COURSEBOND BEAM ————— — (2) COURSE BOND BEAM
(2) #6 HORIZONTAL BAR EA, COURSE, ', [/ (2)#6 BARS EA, COURSE,
ALL WALL SEGMENTS \ .: ALL WALL SEGMENTS
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R R L J
W e e L
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EAST/WEST ELEVATIONS (NON-LOAD BEARING

The upper corners of the north and south elevations (above load bearing height)
must transition from the 6-inch closure wall along the length of the north/south walls
to the full height 12-inch side walls of the east/west elevations. The following
elevation illustrates the CMU layout and coursing for this transition. The drawings
provide additional details.

CJ
12 E]4|| 6x16 || 6x16
12 H 6x12 || 6x16
12 |:l:|| 6x16 || 6x16
12 H 6x12 || 6x16
12708 1 |:|:|| 6x16 || 6x16
IZG’ Tli 6x12 || 6x16

1 12x16 12x16 12x16

12" to 12"
Corner

8 || 12x16 12x16

Upper Corner Transition - Elevation
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Reinforcement Splicing:

The following table summarizes Prototype No. 2 lap splice length requirements:

LAP SPLICE LENGTHS®2 (INCHES) FOR fm = 2,500 psi
UNLESS OTHERWISE INDICATED BY DETAIL OR NOTE
BAR LOCATION
RE'“FDSTZ‘EEME”T 1VERT. | 2LAYERS | 1HORIZ. | 2HORIZ
BAR- | VERTICAL | BAR- BARS -
CENTER BARS CENTER | 1LAYER
#5 - - 2g¢ -
#6 v 5ga 2 380
#8 - 11730 - -
W17 ALL LOCATIONS
HORIZONTAL JOINT
REINFORCEMENT 8

a CONTROLLED BY K=2.0 INCHES WHICH WAS SELECTED AS THE VERTICAL BAR COVER

b ALTERMATIVELY, USE MECHANICAL COUPLERS WITH 125% OF THE BAR YIELD STRENGTH
¢ CONTROLLED BY K=2.0 INCHES

d CONTROLLED BY K=3.0 INCHES
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Prototype No. 3 — High School Gymnasium

Footprint: 104’-0” x 104’-0” CMU: 16 inches and 6 inches
O.A. Height: 38’-0” Roof Dead Load: 75 psf
Roof Bearing: 36'-0” f’m: 3,000 psi
Roof System: Structural Steel
50" x 84'
COURT

TELESCOPIC
BLEACHERS

TELESCOPIC

This report is
accompanied

BLEACHERS
by drawings —

T
____________________ N
with additional

structural FLOOR PLAN
information,

design loads,
and details.

Cl
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NORTH/SOUTH ELEVATIONS

Description:

This prototype represents a large-sized shelter of approximately 10,800 square feet
and could serve as a high school gymnasium. The walls are 16-inch single-wythe
concrete masonry laid in running bond that is fully grouted and reinforced.

Control joints are placed per CMHA recommendations. No joints are recommended
at the edge of the openings to simplify the detailing and provide maximum strength
at the jambs.

The size and number of the openings are intentionally minimized to limit their
vulnerability; each door and window must meet ICC 500 tornado specifications as
well. Openings are centered between control joints to maximize available jamb wall
widths.

Roof Plan:

To illustrate a non-concrete roof option, it was decided that a structural steel truss
joist system would be used for Prototype No. 3. Although the system has a concrete
topping on metal deck, it provides less overall roof dead load when compared to the
previous two prototypes.

The final design is the responsibility of the designer of record in conjunction with the
structural steel joist manufacturer; this includes the truss bracing and uplift bracing.

Roof slope and drainage system to be designed by others.

The roof plan that follows illustrates additional information regarding the preliminary

roof system design.
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Roof Plan
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Top of Wall Details:

All masonry is fully grouted. The following top-of-wall details are for both jamb and
non-jamb wall panels, as two vertical bars per cell are required in both cases. The
vertical reinforcementwas designed for combined vertical loads, including uplift, and
out-of-plane or in-plane loads. All bond beams at bearing height provide for the roof
system bearing and wall anchorage. The diaphragm chords are in the topping slab.

See Drawing 3.10 for the detail at the corners for the transition from the 16-inch wall
to the 6-inch closure wall.
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NON-LOAD BEARING WALLS
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Wall Reinforcement:

Prototype No. 3
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The following elevations illustrate the non-jamb wall reinforcement selected for the

fully grouted prototype; the drawings provide the reinforcementat the jambs. As with

all the prototypes, the design was evaluated fortornado and seismic loads. However,

most of the decisions regarding reinforcement were driven by the combined lateral

and vertical tornado-level wind pressures, despite the seismic lateral loads being

greater. For this prototype, the effective jamb widths were designed for 6’-0” but 8'-

0”, which is six times the nominal wall thickness, 6t, could have been used. Wire

joint reinforcementfor crack control at 16” on center vertically is not shown for clarity.
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Reinforcement Splicing:

The following table summarizes Prototype No. 3 lap splice length requirements:

LAP SPLICE LENGTHS (INCHES) FOR f = 3,000 psi
UNLESS OTHERWISE INDICATED BY DETAIL OR NOTE
BAR LOCATION
RE'“FOSTZ%EMENT 1VERTICAL | 2LAYERS | 1HORIZ | 2HORIZ
BAR- | VERTICAL | BAR- BARS -
CENTER | BARS®® | CENTER | 1LAYER®
# 2 i 280 :
#5 20 53 20 35
# : 7 i :
# g 107 i g
W17 ALL LOCATIONS
HORIZONTAL JOINT
REINFORCEMENT 3

a CONTROLLED BY K=2.0 INCHES WHICH WAS SELECTED AS THE VERTICAL BAR COVER
b ALTERNATIVELY, USE MECHANICAL COUPLERS WITH 125% OF THE BAR YIELD STRENGTH

¢ CONTROLLED BY K=2.0 INCHES
d CONTROLLED BY K=3.0 INCHES
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This report presents three prototype concrete masonry tornado storm shelters that
comply with the structural criteria in the 2018 IBC and 2014 ICC 500. The
prototypes represent structures commonly used for K-12 educational facilities, and
utilize current concrete masonry materials and construction processes. Standard
design procedures were employed, assisted by basic spreadsheet tools for the
structural analysis of the masonry walls. The accompanying set of drawings and
details was created using Revit® by Autodesk®. Having the set of accompanying
drawings and details is highly recommended when reviewing this report.
Announcements will be forthcoming, giving the online location for downloading
both the report (with the drawings) and a pdf of the drawings for a larger format.

While the prototypes presented may not illustrate every storm shelter type
encountered in design practice, for educational purposes, they do show that
reinforced concrete masonry walls can be used to provide tornado-level protection
per ICC 500. Because masonry is already “on the job” on most new K-12 projects,
tornado-level protection is available without drastically altering budgets or
schedules (see Appendix C).

Per the International Code Council (ICC) website, the latest summary of IBC
adoption dated July 2025, approximately 34% of the country is currently using the
2018 IBC (or older version), and 42% have upgraded to the 2021 edition. The
structural information contained in this report and drawings should also be helpful
when using the 2021 IBC. However, the user is cautioned that the 2021 IBC
references the newer 2020 ICC 500, which does contain slight changes compared
to the 2014 ICC 500.

In conclusion, the main goal of this report is to serve as a resource for architects,
engineers, contractors, and other stakeholders who make exterior wall system
decisions when designing and constructing ICC 500 tornado shelters. In addition,
this report shows that reinforced concrete masonry walls can, and should be,
considered for such applications with confidence.
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Foundations and Doweling

Foundations

Foundation anchorage is achieved by embedding wall reinforcement to develop
the bars, whether it is into concrete or masonry. Preferably, the bars extend to the
footings to complete the load path for uplift resistance.

There are several options for constructing and anchoring the bottom of the wall.
Each option must be evaluated for its effect on the wall design. Typically, the wall
is designed with a “pinned” connection at the bottom where only out-of-plane shear
is transferred. No bending moment is assumed despite the vertical reinforcement
being fully developed to resist uplift and transfer in-plane shear.

The first option (Figure 10) assumes the masonry wall spans to the top of a
concrete foundation wall. For this detail to provide lateral support at the level of the
floor, the foundation wall and footing must be able to withstand the lateral force
and the potential rotation of the footing.

Application
of Out-of- ﬁ
plane loads —_— L

to foundation

I
I
I
I
I
I
-

/)

Figure 10 — Option 1

The second option (Figure 11) is a variation on the first. It still assumes the
masonry wall spans to the top of the concrete foundation wall. However, now the
concrete wall is anchored to the floor slab for out-of-plane loading thereby relieving
the foundation wall and footing of any rotation. The reinforcementand slab must
be designed to receive the out-of-plane wall load.
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Figure 11 — Option 2

The third option (Figure 12) uses a reinforced concrete masonry foundation wall,
and the design assumes the wall span is to the top of the footing. This increases
the effective height of the wall and could require more wall reinforcement.

s
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Figure 12 — Option 3

The fourth option (Figure 13) is like the second except that the foundation wall is
reinforced concrete masonry instead of concrete. The reinforcementand slab must
be designed to receive the out-of-plane wall load.



Note:
ACMU
foundation is
a good
option for
the
foundation
stem wall.
Itis
economical
and will
have the
vertical
reinforcing
align with
the wall
system
above.
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Application
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Figure 13 — Option 4
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For the Prototype designs in this report, the first two options were used. The
unsupported design height of the wall is from the floor lines to the roof support.
The final foundation design and detailing is the responsibility of the designer of

record.

Doweling

As with the prototype foundations, the final design and detailing of foundation
doweling and interaction with the masonry wall reinforcement is the responsibility

of the designer of record.
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Seismic Design Category C versus D

Although seismic forces must be checked for all buildings, the structural design of
the masonry walls for the three prototype tornado shelters presented in this report
was driven primarily by the tornado-level wind design speed of 250 mph. This is
especially true for the wall vertical reinforcement, which was controlled by the
components and cladding out-of-plane wind pressures in combination with vertical
wind loads. In addition, the current plan configurations of the prototypes provide
ample solid areas of shear wall panels, which quite easily meet all in-plane load
requirements. In terms of minimum seismic ductility, both the vertical reinforcement
and horizontal reinforcement (joint wire) required by the wind design satisfy the
TMS 402 minimum seismic requirements of Chapter 7 for Seismic Design
Category (SDC) C.

The following table compares wind and seismic design forces and pressures for

the three prototypes, indicating wind governing for all wall loading applications.

Location Seismic Wind Seismic Wind
“Saint Load Plan Diaphragm Diaphragm 0-0-P 0-0-P
Louis Direction Force Each Force Each Force, Fp Force
Wall (Kips) Wall (Kips) (psf) (psf)

Prototype | North/South 14.8 30.5 14.6 208.7
1 East/West 13.1 18.5 14.6 208.7
Prototype North/South 56.1 111.2 22.6 210.7
2 East/West 47.6 68.7 22.6 210.7
Prototype North/South 97.8 169.8 30.7 210.6
3 East/West 97.8 169.8 30.7 210.6

Seismic parameters: Ss = 0.431, S1=0.157, p=1.0, SDC C

Other project locations may require a higher seismic design category depending
on the location relative to seismic faults, subsoil classification, etc. The nexttable
looks at placing the same prototypes in Cape Girardeau, Missouri, which is
approximately 90 minutes south of the St. Louis area. This would put the tornado
shelters much closer to the New Madrid Fault and could require SDC D. The
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shear wall designation would have to change from Intermediate to Special
Reinforced Masonry shear walls. Therefore, per TMS 402, Section 7.3.2.6, the
minimum seismic ductility reinforcement would change to:

e Vertical bars are spaced at the smaller of one-third the shear wall length,
one-third the shear wall height, or 48 inches on center. For each prototype,
the 48-inch criteria will govern.

e Horizontal bars intended for shear wall reinforcement are spaced at the
smaller of one-third the shear wall length, one-third the shear wall height,
or 48 inches on center. For each prototype, the 48-inch criteria will govern.

e TMS also provides minimum ratios of vertical and horizontal reinforcement.

Note: Adding
anchored
veneer to the
walls will
increase the
seismic weight
and increase
the base shear
forces and the
out-of-plane
seismic
pressure, and
must be
factored into
the overall

seismic design.

Location Seismic Wind Seismic Wind
T Cabe Load Plan Diaphragm | Diaphragm 0-0-P 0-0-P
GirarZeau Direction Force Each | Force Each Force, F, Force
Wall (Kips) Wall (Kips) (psf) (psf)
North/South 25.6 30.5 46.9 208.7

Prototype
1 East/West 22.6 18.5 46.9 208.7
North/South 96.7 111.2 72.8 210.7

Prototype
2 East/West 82.1 68.7 72.8 210.7
North/South 168.6 169.8 75.9 210.6

Prototype
3 East/West 168.6 169.8 75.9 210.6

Seismic parameters: Ss = 1.157, S1=0.397, p = 1.3, SDCD

The Cape Girardeau table shows some of the top-of-the-wall seismic diaphragm
forces starting to control. However, the out-of-plane seismic force is still greatly
outweighed by the components and cladding out-of-plane wind pressures, which
continue to be based on the tornado shelter wind design speed of 250 mph. Likely,
the vertical reinforcement presented for the St. Louis tornado shelter prototypes
would remain the same, and only bond beam reinforcement at 48 inches on center

would need to be added to the field of the masonry walls.
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Cost and Scheduling

The following provides approximate costs for the masonry portion of the storm shelter
design for each prototype. The roof structure and the foundations are similar for all
wall structure types and not included. For comparison, the non-tornado costs are

provided as well.

Assumptions:

These costs were developed using industry averages for the St. Louis area and are
only intended for preliminary project estimating. They need to be adjusted for the
specific project. The pricing for each of the three prototypes is as of the time of the
release of this report.

1. Figure 2, Page 08, shows twenty states in or touching the required 250 mph
wind speed area for shelter/safe room designs.
2. The sites for all three prototypes are in the St. Louis zip code 63117 (see
Page 08).
3. Each market location will have different pricing, as with all buildings and
construction. The St. Louis area has a union workforce.
4. Each prototype is assumed to be a publicly-funded project, so there is no
material tax included.
5. Each of the prototype pricing is created from the masonry marketplace,
meaning that local products and contractors are utilized in this pricing.
a. Best efforts are made not to allow outlier pricing, low or high.
b. Pricing is based on the prototypes as they are shown on the drawings
provided.
c. All pricing includes the installed masonry walls.
Pricing is at the sub-contractor level.
e. There is no General Contractor or Construction Manager markup
included.
6. In each instance, a crew size of six bricklayers and three mason tenders is

utilized.
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7. The mason contractor should be made aware of schedules at the time of

bidding to adjust crew composition and price appropriately.

8. Means and methods:

a.
b.

Storm shelters
are heavily
reinforced.
Close attention
is needed for
placement and
coordination of
conduit, outlets,
or other
mechanical
apparatus.

The non-bearing walls are built to the top.

The bearing walls are built up to the bearing point and then allow for the
installation of the roof framing by others. After the framing is installed, the
masons return to install closure walls before the roof topping is placed by
others.

Mobilization is accounted for in each of the prototype pricing. Any
disruption of scheduling or movement of workers before completing a wall
adds further mobilization costs.

The roof structure and footing/foundations are by others.

As with any typical masonry building, this pricing includes working
alongside other trades that will be on-site that need to be involved with
the wall construction (ex. mechanical/electrical inside of the wall).

Cost for wall bracing during construction is included.

The costs provided for a Storm Shelter represent an average upcharge
of around 30% - 35% above a typical (non-storm shelter) build of the wall

system used for these prototypes.

Elementary Music Room - Prototype 1

Approximate cost of installed masonry walls: $91,000 or $37 per square foot

of wall.

The estimated time to complete the masonry before the roof structure

installation is two weeks.

Installation of the roof structure by others.

The estimated time to complete the walls after the roof structure is installed:

two days.

Elementary/Middle School Gym - Prototype 2

Approximate cost of installed masonry walls: $397,000 or $46 per square foot

of wall.
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The estimated time to complete the masonry before roof structure installation:
six weeks.

Installation of the roof structure by others.

The estimated time to install the closure walls after the roof structure is
installed: two days

High School Gym - Prototype 3

Approximate cost of installed masonry walls: $680,000 or $44 per square foot
of wall.

The estimated time to complete the masonry before the roof structure
installation: eight weeks.

Installation of the roof structure by others.

The estimated time to install the closure walls after the roof structure is
installed: two weeks.
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Drawings
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Elementary Music Room
CMU Tornado Storm Shelter Prototype No. 1

DESIGN CRITERIA

ST. LOUIS AREA LOCATION (ZIP 63117)

IBC-18 (RISK CATEGORY IlI)

TMS 402/602-16 (STRENGTH DESIGN)

TMS 402 LEVEL 3 SPECIAL INSPECTIONS

IBC STRUCTURAL OBSERVATIONS REQUIRED
ICC 500-14 DESIGN WIND SPEED = 250 MPH
EXPOSURE CATEGORY C, Kx=1.0, Ke=1.0, K4=1.0
ENCLOSURE CLASSIFICATION = PARTIAL

ALL OPENINGS AND PENETRATIONS ARE ASSUMED
PROTECTED AS PER ICC 500

COMBINED INTERNAL PRESSURE AND GUST WIND
FACTOR GC;i=0.55

MAIN WIND FORCE RESISTING SYSTEM (MWFRS)
WIND LOADS:
ROOF, FIELD: +8.0 PSF, -172.2 PSF
EDGE: +8.0 PSF, -225.0 PSF
WALLS, FIELD: +/-95.8 PSF
CORNERS: +/-144.4 PSF

COMPONENTS & CLADDING (C&C) WIND LOADS:
WALLS, FIELD: +180.0 PSF, -192.5 PSF
CORNERS: +180.0 PSF, -208.7 PSF

WIND BASE SHEAR:
NORTH/SOUTH DIRECTION: 61.0 K

EAST/WEST DIRECTION: 36.9 K
WIND UPLIFT: LOAD BEARING  NON-LOAD BEARING
WALLS WALLS
BEARING HEIGHT 2070 PLF 270 PLF
BOTTOM OF WALL 900 PLF 0 PLF

GENERAL DISCLAIMER

SITE LAYDOWN, COLLAPSE, & ROLLOVER LOADS
NOT CONSIDERED

ROOF LIVE LOAD = 100 PSF

ROOF DEAD LOAD = 100 PSF

GROUND SNOW LOAD = 20 PSF

RAIN LOAD (INCLUDING PONDING) = 100 PSF

SEISMIC DESIGN CATEGORY C
SOIL SITE CLASS C

Ss= 0.431 Sps=0.374 0Q0=2.5
S¢= 0.157 Sp1=0.157 Cy4=2.25
Cs= 0.134 R= 3.5 le=1.25

LATERAL FORCE RESISTING SYSTEM (LFRS):
INTERMED. REINF. MAS. SHEAR WALLS

SEISMIC Fp=+/-14.6 PSF OUT OF PLANE (O-O-P)
SEISMIC BASE SHEAR

NORTH/SOUTH DIRECTION: 43.9 K
EAST/WEST DIRECTION: 40.3 K

CMU WALL SYSTEM FULLY GROUTED, f'm = 2,500 PSI

FOUNDATION DESIGN INCLUDING FOUNDATION
DOWEL BARS BY OTHERS

ASTM C90 CMU (8"), 105 PCF DENSITY, FULLY
GROUTED, RUNNING BOND UNLESS INDICATED
OTHERWISE

ASTM C270 MORTAR TYPE S
FIELD MIXED MORTARS:
RECIPE BY PROPORTION METHOD
PRE-BLENDED MORTARS:
RECIPE BY PROPORTION OR PROPERTY METHOD
ORBY ASTM C1714
ASTM C476 GROUT (MIN. fg = fn)
ASTM A615 GRADE 60 REINFORCING BARS

ASTM A951 W1.7 JOINT REINFORCEMENT 16" O/C
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THE INFORMATION ON THESE DRAWINGS HAVE BEEN PROVIDED FOR EDUCATIONAL PURPOSES ONLY TO ASSIST OWNERS, BUILDERS, AND DESIGNERS IN

MASONRY
INSTITUTE
OF ST.LOUIS

UNDERSTANDING THE STRUCTURAL ASPECTS OF CONCRETE MASONRY TORNADO SHELTER DESIGN. THEY ARE NOT INTENDED AS AN END-PRODUCT. ANY USE
OR REUSE OF THE INFORMATION OR DOCUMENTS WILL BE AT THE END USER'S SOLE RISK AND WITHOUT ANY LIABILITY OR LEGAL EXPOSURE TO THE AUTHORS,
THE MASONRY INSTITUTE OF ST. LOUIS, OR THE NCMA EDUCATION AND RESEARCH FOUNDATION.
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CJ DESIGNATES
\/ CONTROL JOINT
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SEE SHEET 1.0 FOR GENERAL DISCLAIMER
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@ SECTION MODEL VIEW

SEE SHEET 1.0 FOR GENERAL DISCLAIMER

Elementary Music Room
RWT

Model View
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CJ DESIGNATES
\/ CONTROL JOINT
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SEE SHEET 1.0 FOR GENERAL DISCLAIMER
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1/8" = 10"
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SEE SHEET 1.0 FOR GENERAL DISCLAIMER
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Elementary Music Room
RWT

Reinforcement Elevations
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SEE SHEET 1.0 FOR GENERAL DISCLAIMER
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CJ DESIGNATES
\/ CONTROL JOINT

WINDOW JAMB REINFORCEMENT
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SEE SHEET 1.0 FOR GENERAL DISCLAIMER
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ROOF DRAINAGE SYSTEM BY OTHERS

4

EQUAL,

EQUAL,

HOLLOW CORE ROOF PANELS,
COORD. w/ MANUFACTURER

ROOF FRAMING PLAN

1/8" = 10"

SEE SHEET 1.0 FOR GENERAL DISCLAIMER
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37"x37" #5 REINFORCING
BAR AT 24" O.C. MAX.

DIAPHRAGM CHORD
{ F CONC. TOPPING

_ BEARING 1 ||

14'- 8"

v
3

K
K

0" SPACE—

Z HOLLOW CORE SLAB

COMPOSITE
ROOF

USE GROUT STOP
TO SOLID GROUT
HOLLOW CORE
ENDS, COORD.
BEARING w/ MFR.

SECTION AT LOAD BEARING WALL

1/2" = 10"

37"x37" #5 REINFORCING

_ T.OW. BAR AT 24" O.C. MAX.
16'-8 e DIAPHRAGM CHORD
{ F CONC. TOPPING
[ S i i /
[ p——— e — p——
MNE —— T — = T -
Lo o]
_BEARING (| .\~ ———— — =
14 -8

<>
152

Z HOLLOW CORE SLAB

152

a
COMPOSITE
ROOF

USE GROUT STOP
TO SOLID GROUT
HOLLOW CORE
ENDS, COORD.
BEARING w/ MFR.

SECTION AT LOAD BEARING JAMB
1/2" = 1-0"

NOTE: FINAL DESIGN AND DETAILING OF THE ROOF SYSTEM INCLUDING DRAINAGE, HOLLOW CORE SLABS, CONCRETE TOPPING,
COMPOSITE ROOF MECHANICALLY CONNECTED TO HOLLOW CORE SLABS FOR UPLIFT, DIAPHRAGM CHORDS, AND ALL
CONNECTIONS TO BE COORDINATED WITH THE PRECAST MANUFACTURER

37"x37" #5 REINFORCING

_ T.OW BAR AT 24" O.C. MAX.
16'-8 i DIAPHRAGM CHORD
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14'-8 Al Z -
HOLLOW 8
CORE SLAB S
oll e (@)
(@)
0" SPACE

SECTION AT NON-LOAD BEARING WALL

1/2" = 10"

37"x37" #5 REINFORCING

_ T.OW BAR AT 24" O.C. MAX.
16'-8 0 DIAPHRAGM CHORD
{ FCONC. TOPPING
e e LR
-
__BEARING QQ OO C
14'-8" L4

Z HOLLOW

CORE SLAB

COMPOSITE
ROOF

SECTION AT NON-LOAD BEARING JAMB
1/2" = 1-0"

SEE SHEET 1.0 FOR GENERAL DISCLAIMER
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NOTES:

1. AT CORNERS:
a. PROVIDE ONE-PIECE CORNER HORIZONTAL JOINT REINFORCEMENT
b. CONTINUE AND DEVELOP HORIZONTAL BARS AROUND CORNERS

2. AT CONTROL JOINTS:

—0" SPACE

a. DISCONTINUE HORIZONTAL JOINT REINFORCEMENT
b. CONTINUE HORIZONTAL BOND BEAM — 45 DOWEL x 24"
REINFORCEMENT THROUGH JOINT AT [+ 5" 0.C. INLLINE w/
BEARING AND TOP OF WALL HEIGHTS, VERTICAL BAR
OTHERWISE DISCONTINUE
5
3. JAMB UNITS SHOWN, USE OF OTHER UNIT TYPES 8
SUCH AS STRETCHER AND OPEN-ENDED UNITS =
IS ALLOWED S ) | FOUNDATION
. / - | BYOTHERS
4. ALL UNITS TO BE FULLY GROUTED / 8" CMU -
SECTION AT LOAD
E H H E BEARING WALL
1/2" = 10"
\
N
RAKE BACK HEAD JOINT
MORTAR, BACKER ROD AND
SEALANT IN JOINT, BOTH FACES,
TYP. ALL CONTROL JOINTS
5
3 40
VERTICAL AND HORIZONTAL REINFORCEMENT
NOT SHOWN FOR CLARITY
#5 DOWEL x 32"
CORNER AND CONTROL JOINT DETAIL IN-LINE w/
3/4" = 1'-Q" VERTICAL BAR
AT 8" O.C.
0" SPACE-| 0" SPACE
1
' FOUNDATION
: : BY OTHERS
SECTION AT

WINDOW JAMBS

1/2" = 1-0"

—0" SPACE

L #5 DOWEL x 24" IN-LINE
w/ VERTICAL BAR,
LOCATE AT EACH END
OF WALL AND AT
16" O.C. BETWEEN

x
N

FOUNDATION
BY OTHERS

SECTION AT NON-LOAD
@ BEARING WALL
1/2" = 1'-0"

. — #5 DOWEL x 24"
CELL-CENTERED,
LOCATE AT EACH
END OF WALL
AND AT 16" O.C.
BETWEEN

| FOUNDATION
BY OTHERS

SECTION AT SINGLE
5 & DOUBLE DOOR JAMBS
1/2" = 10"

SEE SHEET 1.0 FOR GENERAL DISCLAIMER
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LAP SPLICE LENGTHS (INCHES) FOR f'» = 2,500 psi
UNLESS OTHERWISE INDICATED BY DETAIL OR NOTE
BAR LOCATION
RE'NF%'?Z%EMENT 1VERT. | 2LAYERS | 1HORIZ. | 2HORIZ.
BAR - VERTICAL BAR - BARS -
CENTER BARS? CENTER | 1LAYER
44 ; ; 12 350
#5 18 31 . ;
#6 34 58¢ ; ;
W1.7 ALL LOCATIONS
HORIZONTAL JOINT
REINFORCEMENT 8

a CONTROLLED BY K=2.0 INCHES WHICH WAS SELECTED AS THE BAR COVER FOR THE PROTOTYPE DESIGNS
b CONTROLLED BY K=THE CLEAR SPACING BETWEEN ADJACENT REINFORCEMENT SPLICES
¢ ALTERNATIVELY, USE MECHANICAL COUPLERS WITH 125% OF THE BAR YIELD STRENGTH

SEE SHEET 1.0 FOR GENERAL DISCLAIMER
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Elementary/Middle School Gym
CMU Tornado Storm Shelter Prototype No. 2

DESIGN CRITERIA

ST. LOUIS AREA LOCATION (ZIP 63117)

IBC-18 (RISK CATEGORY llI)

TMS 402/602-16 (STRENGTH DESIGN)

TMS 402 LEVEL 3 SPECIAL INSPECTIONS

IBC STRUCTURAL OBSERVATIONS REQUIRED
ICC 500-14 DESIGN WIND SPEED = 250 MPH
EXPOSURE CATEGORY C, Kz=1.0, Ke=1.0, K¢g=1.0
ENCLOSURE CLASSIFICATION = PARTIAL

ALL OPENINGS AND PENETRATIONS ARE ASSUMED
PROTECTED AS PER ICC 500

COMBINED INTERNAL PRESSURE AND GUST WIND
FACTOR GC;i=0.55

MAIN WIND FORCE RESISTING SYSTEM (MWFRS)
WIND LOADS:
ROOF, FIELD: +8.0 PSF, -194.9 PSF
EDGE: +8.0 PSF, -254.6 PSF
WALLS, FIELD: +/-108.4 PSF
CORNERS: +/-163.4 PSF

COMPONENTS & CLADDING (C&C) WIND LOADS:
WALLS, FIELD: +191.0 PSF, -205.1 PSF
CORNERS: +191.0 PSF, -210.7 PSF

WIND BASE SHEAR:
NORTH/SOUTH DIRECTION: 2224 K

EAST/WEST DIRECTION: 137.3K
WIND UPLIFT: LOAD BEARING  NON-LOAD BEARING
WALLS WALLS
BEARING HEIGHT 4,609 PLF 385 PLF
BOTTOM OF WALL 1,569 PLF 0PLF

GENERAL DISCLAIMER

SITE LAYDOWN, COLLAPSE, & ROLLOVER LOADS

NOT CONSIDERED

ROOF LIVE LOAD = 100 PSF

ROOF DEAD LOAD = 100 PSF

GROUND SNOW LOAD = 20 PSF

RAIN LOAD (INCLUDING PONDING) = 100 PSF

SEISMIC DESIGN CATEGORY C
SOIL SITE CLASS C

Ss= 0.431 Sps=0.374 Qo=2.5
Si= 0.157 Sp1=0.157 Cq=2.25
Cs= 0.134 R= 35 le=1.25

LATERAL FORCE RESISTING SYSTEM (LFRS):
INTERMED. REINF. MAS. SHEAR WALLS

SEISMIC Fp=+/-22.6 PSF OUT OF PLANE (O-O-P)
SEISMIC BASE SHEAR

NORTH/SOUTH DIRECTION:  166.7 K
EAST/WEST DIRECTION: 183.4 K

CMU WALL SYSTEM FULLY GROUTED, f'm = 2,500 PSI

FOUNDATION DESIGN INCLUDING FOUNDATION
DOWEL BARS BY OTHERS

ASTM C90 CMU (6", 12"), 105 PCF DENSITY, FULLY
GROUTED, RUNNING BOND UNLESS INDICATED
OTHERWISE

ASTM C270 MORTAR TYPE S
FIELD MIXED MORTARS:
RECIPE BY PROPORTION METHOD
PRE-BLENDED MORTARS:
RECIPE BY PROPORTION OR PROPERTY METHOD
ORBY ASTM C1714

ASTM C476 GROUT (MIN. f'g = f'm)

ASTM A615 GRADE 60 REINFORCING BARS,
PROVIDE WELDABLE WHERE SHOWN

ASTM A951 W1.7 JOINT REINFORCEMENT 16" O/C
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THE INFORMATION ON THESE DRAWINGS HAVE BEEN PROVIDED FOR EDUCATIONAL PURPOSES ONLY TO ASSIST OWNERS, BUILDERS, AND DESIGNERS IN
UNDERSTANDING THE STRUCTURAL ASPECTS OF CONCRETE MASONRY TORNADO SHELTER DESIGN. THEY ARE NOT INTENDED AS AN END-PRODUCT. ANY USE
OR REUSE OF THE INFORMATION OR DOCUMENTS WILL BE AT THE END USER'S SOLE RISK AND WITHOUT ANY LIABILITY OR LEGAL EXPOSURE TO THE AUTHORS,
THE MASONRY INSTITUTE OF ST. LOUIS, OR THE NCMA EDUCATION AND RESEARCH FOUNDATION.
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CJ DESIGNATES
\/ CONTROL JOINT

L 90'- 8" L
7 7
32'. Q" 2-8" 21" - 4" 2.8 32'.Q"
CJ CJ CJ
< T
N CJ >H cJ .
H =)
f:
= : N
S z ]
& - i ~
[s2] - I | I | /\ | I 1 iy | =
5 5 £ NA.
< 2l ek GYMNASIUM 2 ey
o Q = / =
e} o) = =
g " 50'x84' COURT E
= T [ ~ 1 T H -
N E g s
W ¥ Z 5
S - -
Aﬁ E
2
. :
& cJ H< CJ
ELI O O O O O O O O O
CJ CJ CJ
Iq Iq Iq

GYMNASIUM FLOOR PLAN

N

1/16" = 1'-0"

N
A 024 g 16

SEE SHEET 2.0 FOR GENERAL DISCLAIMER

£

>

C)

Ko}

(@]

c

O

(@p]

o

©

o

> =

< =

S < |

T ©
OC

T 5|3

w w o

0 %

2 Z

O o

- g

9

() IS

w— o

O 5

QO

=7

= !

= E o

0w o9

Loz
(@]

> O ..

o5

c £ |
(@]

8|—E

® 2 3

S3¢
O |a

MASONRY
INSTITUTE
OF ST.LOUIS

Date: 2026

2.1




@ MODEL VIEW

@ SECTION MODEL VIEW

SEE SHEET 2.0 FOR GENERAL DISCLAIMER

Elementary/Middle School Gym
RWT

Model View

Drawn by:

CMU Tornado Storm Shelter Prototype No. 2
CMUSS - 2

Masonry Institute of St. Louis

Project number:
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CJ DESIGNATES
\/ CONTROL JOINT

CJ CJ CJ (oN] CJ
_Tow. N \/ \/ \/ \/
30!_0!! J L
_BEARING | oo A B
0"
q D D
o
5 e\
o
o
T
©
__FINISHFLOOR
Goor
21'- 4" 24'-0 24'-0" 21'-4"
NORTH EXTERIOR ELEVATION
1/16" = 1'-0"
CcJ CcJ CcJ CcJ (oA]
_Tow. NN/ \/ \VA
30'- 0" l l
_BEARING | o S R T o e D S D T T o o
26'-0"
] D D
o
5 b\
=
™
5
©
__FINISHFLOOR
G-o
21'- 4" 24'-0 24'- 0" 21'- 4"

SOUTH EXTERIOR ELEVATION

1/16" = 1-0"

o

024 8§ 16'

SEE SHEET 2.0 FOR GENERAL DISCLAIMER
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CJ DESIGNATES ;
v CONTROL JOINT (_')
a ©
cJ \29/ cJ cJ _g
_TOWwW. AV \Vi \Vi G
30'-0 (d)]
n
% c
5 2
@
S ;=
5 > 2 r
K © Ll
@ S 6|2
E @ S
L %5
C W W a
o)
__FINISHFLOOR ___
1L . e L N
7 1T 2 o
5 Z
EAST EXTERIOR ELEVATION 3 8
116" = 1'-0" _2\
»w o
—
‘S s
CJ CJ (oA] q) g
~Tow. NV \/ \VA — 2
30'-0 N~ S5 0|
) '
S € o
@ 53
Loz
= O
a o O |5
@ c £ |2
(@]
8 |2
= (U D |5
i =g
_FINISHFLOOR . : =0
0.0 S ¥ N
2'-8" 25'- 4" 25'- 4" 2-8" Q]
“ A 53
WEST EXTERIOR ELEVATION . ©
1/16" = 10 024 8 16" IDate: 2026
SEE SHEET 2.0 FOR GENERAL DISCLAIMER 2 _4
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CJ DESIGNATES

6" CMU CLOSURE WALL

(3) COURSE BOND BEAM

(1) #5 HORIZONTAL BAR EA. COURSE,

ALL WALL SEGMENTS

/1

\/ CONTROL JOINT VERT. REINF.: (1)#5 AT 16" O.C.,
) ALL WALL SEGMENTS
5
K cJ cJ cJ cJ cJ
_TOW. N \/ \V4 \/ \Vi \Vi
30'-0" X B e L e e e s S L s e S e S S S He i E NS SRS S s S e S R E
_BEARING | o e D e I L D L D L D L D L S L I L D L D e L e D T D L I e e
26'-0" [ N BT RE e X
o
: Q
2y —
8 o 21'- 4" 24'-0" 24'-0" 21'-4"
« (2)#6 AT 8" O.C. - | SEE DETAIL 1/2.7 SEE DETAIL 1/2.7 (2) #6 AT 8" O.C.
é S
__FINISH FLOORY
0-0 L 90’ - 8" L
7 7
4 4

NORTH/SOUTH REINFORCEMENT ELEVATION

2.10

(1) COURSE BOND BEAM

(1) #5 HORIZONTAL BAR,
ALL WALL SEGMENTS

(2) COURSE BOND BEAM

(2) #6 BARS EA. COURSE,

ALL WALL SEGMENTS

\219/

1/16" = 1'-0"

(3) COURSE BOND BEAM

(2) #6 HORIZONTAL BAR EA. COURSE,

(2) COURSE BOND BEAM

(2) #6 BARS EA. COURSE,

ALL WALL SEGMENTS ALL WALL SEGMENTS
cJ cJ cJ
TOW. —=~ N \/ \/ \/
30' 0" V L e e A e e B B e e e e BB SRS R AR R AR s = J
W e e e L e o T o
PO e o e o o o e e o e e e L e P T e B P T A P T A T =1
25 25
. (2) #6 AT 8" O.C. SEE DETAIL 2/2.7
o
K 2 _ g 2.8
N = (2) #6 AT 8" O.C. (2) #6 AT 8" O.C.
2
2.10
5
0
__FINISHFLOOR = \_
0-0" N . .
L 56'-0 L
/ /

EAST/WEST REINFORCEMENT ELEVATION

1/16" = 1'-0"

REINFORCING NOTE

PROVIDE 2 WIRE W1.7 JOINT REINFORCEMENT AT 16" O.C.
VERTICALLY ALL ELEVATIONS

o

024 8

16'

SEE SHEET 2.0 FOR GENERAL DISCLAIMER

Elementary/Middle School Gym

Reinforcement Elevations
RWT
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CMUSS - 2
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CJ DESIGNATES
\/ CONTROL JOINT

BOND BEAMS PER

BOND BEAMS & CLOSURE DETAIL 2/26
cJ WALL PER DETAIL 1/26 &Y ¢J /y ¢
N— Y. VA N Y 7 ™ =1 T Y
5 I I I I
[ S S 5 P A s Iy s L . I T S P A A R N
S e R O R A, R S S [ I I I I
P e e = e d-mme- 1--ot--
o ] ———— b —— l——————— - e ———— - —- ——tr e — e —————— —————— ‘e ————— t———t—-
. | | | | | I |
< i i ) e A | | | |
L ———— | | | |
: : | | I |
5 [ | S I : 60" : . : 60" : I
o ] (2) COURSE BEAM & - ,iv - ,iv - ’iv - ,i., -
N
: : (1) #6 EA. COURSE (2)#8 | (#BAT | (N#6AT | (2J#BAT | (2)#8
PR | S S S A - AT8 | 8'0C. , 80C | 80C |AT8
| R O J N AR | 0.C. | | | 0.C
| -~ T AR A | | | | |
| | | | | 1 |
I g 2 1 (2) COURSE BEAM I 2.1 I I
: : : (1) #6 EA. COURSE : : : :
| | | rYtt 0 90 r/—-—- r=r=---- = 9
5 4-8 |, -0 l2-gl 6-0" | 4-g" | (3) COURSE BEAM (2) #6 TOP & BOTTOM |
o ) #6 AT’ (2 #6AT “j(1)#67 (2 #6 AT *} (2) #6 AT 4 T3
= 8"0.C. | 8"'0.C. | AT16" 8'0.C. | 8"O.C. | |
I 10.C. | I ) I I
| | | | o | |
I I I I N I . I
| | | | © | |
| | | | I I
| | | | | |
N | | | | N 1 1
‘ D G 5 o o
2.7 2.7 2.7 2.7 2.7 \27/ \27/ \27/ \27/
24 Yo" o5 . 4"
WINDOW JAMB REINFORCEMENT DOOR JAMB REINFORCEMENT
1/8" = 1'-0" 1/8" = 1'-0"
. VERTICAL REINF. w/ 2" COVER, DOWEL BAR
—0" SPACE SIZE TO MATCH VERTICAL BAR, LAP DOWEL
0w 1 PER LAP SPLICE LENGTH TABLE, SHEET 2.11
—— #6 DOWEL x 32" 0" SPACE- L 0" SPACE [ #6 DOWEL x 32"
" | 4 "
I(_D%IIEIE;(?I;NII?ESE%‘ MM — ALTERNATE: FOUNDATION DOWEL w/ E%’SLG(?EN%FE%EB
THREADED MECHANICAL COUPLER (BY
OTHERS), COUPLER TO DEVELOP 125% OF
R THE VERTICAL BAR YIELD STRENGTH
FOUNDATION HE FOUNDATION FOUNDATION
1 BY OTHERS i BY OTHERS 1 BY OTHERS

BOTTOM OF WALL
BELOW WINDOW

BOTTOM OF WALL LOAD BEARING

3/8" = 10"

3/8" = 1'-0"

BOTTOM OF WALL
NON-LOAD BEARING

3/8"=1-0" SEE SHEET 2.0 FOR GENERAL DISCLAIMER
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ROOF DRAINAGE SYSTEM BY OTHERS

EQUAL 8'-0" L 8-0" L 8-0" L 8-0" . 8-0" L 8-0" L8-0" L 8-0" . 8-0" . 8-0" EQUAL
Py
N
LD \‘/
i 1 \

ROOF FRAMING PLAN

DOUBLE-TEE ROOF SYSTEM, COMPRESSION BRACE
BOTTOM EDGE OF STEMS PER MANUFACTURER

N

1/16" = 1'-0"

B
024 8§ 16'

A

SEE SHEET 2.0 FOR GENERAL DISCLAIMER
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CLOSURE WALL

REINF. PER ~
DETAIL 1/2.6, 0" CLR-_
EXTEND VERT. -
BAR 36" INTO

WALL BELOW

FULLY GROUTED ——— |
6" CMU

(4
\29/
BEARING ‘

28"x28” #4 REINFORCING BAR
AT 32" O.C. MAX.

DIAPHRAGM CHORD

Ad <

yy

9 -

g

|
N,

_1GLR.

o \ DOUBLE-TEE FLANGE
. - T~ DOUBLE-TEE STEM

AR ,\AT 48" O.C.
7 =~ EMBED PLATE" . DOUBLE-TEE

ROOF SYSTEM

00 |
0" SPACE—__|

2" COVEL7§< 7

FULLY GROUTED
12" CMU T

~—2" COVER

ROOF SECTION LOAD BEARING WALL

/ CONCRETE TOPPING

COMPOSITE ROOF

1/2" = 10"

NOTCH CMU
AT PLATE

>

12"CMU 6" CMU
T

1/2"

1" cap ~ DOUBLE-TEE STEM

112"

4" BRG. w/ EMBED.
WELD PLATE

/1"

7

/// 4 1/2"x12" SLOTTED PLATE

[ it 1StWELD

2" COVER—_F

5

Y

,[ | ™ 2nd WELD

\ 7"x16" PLATE

/"~ BOND BEAM REINF.

4

>/

7
, |4

"&\2" COVER

BOND BEAM — ™

o/

E—

.

(2) #5 SHEAR BARS, 24"
LONG WELDED TO PLATE

DOUBLE-TEE BEARING CONNECTION

"= 10"

NOTE: FINAL DESIGN AND DETAILING OF THE ROOF SYSTEM INCLUDING

DRAINAGE, DOUBLE-TEE MEMBERS, CONCRETE TOPPING, COMPOSITE ROOF

MECHANICALL CONNECTED TO DOUBLE-TEE MEMBERS FOR UPLIFT,

DIAPHRAGM CHORDS, BEARING PLATES, AND ALL CONNECTIONS (BOLTED

AND WELDED) TO BE COORDINATED WITH THE PRECAST MANUFACTURER

42'x42" #5
REINFORCING BAR AT
1670.C. MAX. DIAPHRAGM CHORD
Tow. / CONCRETE TOPPING
307- 0" .
- >{ » ol .
] COMPOSITE
| . ROOF
& o
e 4 DOUBLE-TEE
FLANGE
2 cover— T @ 12" cover DOUBLE-TEE
STEM AT 48" O.C.
FULLY TR DOUBLE-TEE
GROUTED ROOF SYSTEM
12" CMU TR
>< \d ’S
an .1\ BOND BEAM LOCATION TO
MATCH "PERPENDICULAR
TO SPAN" CONDITION

ROOF SECTION NON-LOAD BEARING WALL
12" =1-0"

DOUBLE-TEE STEM 1st WELD LINE
4" BRG. w/ EMBED. \
WELD PLATE 4 1/2"x12" SLOTTED PLATE

FACE OF
12" CMU \
\\[l\ ./ , 7" 16"
N X
e N V¥ JTh. — e PLATE

(2) #5 UPLIFT BARS,
32" LONG THREADED

11/2"

FACEOF;\****ﬁ*” L
6" CMU . .
I I N 2nd WELD
—— —e —— — 9 — — —es LINE
b L Iy e
pall S|
REINF. FOR 12" CMU WALL v L (2) #5 SHEAR BARS, 24"

LONG, WELDED TO PLATE
CLOSURE WALL BAR ONG, ©

DOUBLE-TEE BEARING PLATES
1"=1-0"

NOTE: 2nd WELD AND FINAL BOLT TIGHTENING TO OCCUR AFTER ROOF
SYSTEM DEAD LOAD PLACED AND PRIOR TO REMOVAL OF MASONRY
WALL BRACING

SEE SHEET 2.0 FOR GENERAL DISCLAIMER
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biggs
Line

biggs
Line

biggs
Line

biggs
Line

biggs
Line

biggs
Line


\ 4 E Ls—6"CMU
| L — 12" CMU
DISCONTINUE ALL HORIZONTAL ————— ‘P/ BELOW
REINFORCEMENT THIS LOCATION
%v 5
B
VERTICAL AND HORIZONTAL REINFORCEMENT \ . o
NOT SHOWN FOR CLARITY 2] B
KK K N
RN ;%v cJ S
\ ALT. 12" & 4"
END BLOCK

12" CMU j

RAKE BACK HEAD JOINT 5
MORTAR, BACKER ROD AND o 2'-8"

SEALANT IN JOINT, BOTH FACES,
TYP. ALL CONTROL JOINTS

1 CORNER AND CONTROL JOINT DETAIL (ABOVE BEARING LEVEL)

N

N

3/4" = 10"

VERTICAL AND HORIZONTAL REINFORCEMENT
NOT SHOWN FOR CLARITY

4x4 SOLID CMU \

<

! E

12" CMU j 8" CMU, STAGGER J

AT ALT. COURSES
RAKE BACK HEAD JOINT 5
MORTAR, BACKER ROD AND O 2'-8"

SEALANT IN JOINT, BOTH FACES,
TYP. ALL CONTROL JOINTS

BEARING

CORNER AND CONTROL JOINT DETAILS NOTES:

1. AT CORNERS:
a. PROVIDE ONE-PIECE CORNER HORIZONTAL
JOINT REINFORCEMENT
b. CONTINUE AND DEVELOP HORIZONTAL BARS AROUND
CORNERS EXCEPT WHERE NOTED OTHERWISE

2. AT CONTROL JOINTS:
a. DISCONTINUE HORIZONTAL JOINT REINFORCEMENT
b. HORIZONTAL BOND BEAM REINFORCEMENT AT THE
BEARING LEVEL AND ABOVE SHALL BE CONTINUOUS
THROUGH CONTROL JOINTS EXCEPT WHERE NOTED
OTHERWISE

3. JAMB UNITS SHOWN, USE OF OTHER UNIT TYPES
SUCH AS STRETCHER AND OPEN-ENDED UNITS
IS ALLOWED

4. ALL UNITS TO BE SOLID OR FULLY GROUTED

CJ
Lg/ H
s

12"

4"

1o

UPPER CORNER
12" TO 6" CMU

LEVEL

2 CORNER AND CONTROL JOINT DETAIL (BELOW BEARING LEVEL)

3/4" = 1'-0"

12" TO 12" CMU

LOWER CORNER

L 21'-4"TOCJ
7

VIEW 'A-A' CORNER ELEVATION
3/4" = 10"

SEE SHEET 2.0 FOR GENERAL DISCLAIMER
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LAP SPLICE LENGTHS? (INCHES) FOR fm = 2,500 psi

UNLESS OTHERWISE INDICATED BY DETAIL OR NOTE

BAR LOCATION
RE'NF%TZCEEMENT 1VERT. | 2LAYERS | 1HORIZ. | 2HORIZ.
BAR - VERTICAL BAR - BARS -
CENTER BARS CENTER | 1LAYER
#5 ; ; 28° ;
46 21 5825 21 38¢
48 . 1172 ; ;
W1.7 ALL LOCATIONS
HORIZONTAL JOINT
REINFORCEMENT 8

a CONTROLLED BY K=2.0 INCHES WHICH WAS SELECTED AS THE VERTICAL BAR COVER
b ALTERNATIVELY, USE MECHANICAL COUPLERS WITH 125% OF THE BAR YIELD STRENGTH

¢ CONTROLLED BY K=2.0 INCHES
d CONTROLLED BY K=3.0 INCHES

g

pa

WINDOW OPENING

]

WINDOW OPENING
HEAD AND SILL

1/2" = 10"

6-0"

WINDOW OPENING BEOYND

)

WINDOW OPENING
AT JAMB PANEL

1/2" = 10"

8.0
DOOR OPENING

DOOR OPENING HEAD

8. 0"

DOOR OPENING
AT JAMB PANEL

1/2" = 10"

1/2" = 10"

SEE SHEET 2.0 FOR GENERAL DISCLAIMER

Elementary/Middle School Gym
Lap Splices and Section Details
RWT
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High School Gym

CMU Tornado Storm Shelter Prototype No. 3

DESIGN CRITERIA

ST. LOUIS AREA LOCATION (ZIP 63117)

IBC-18 (RISK CATEGORY IlI)

TMS 402/602-16 (STRENGTH DESIGN)

TMS 402 LEVEL 3 SPECIAL INSPECTIONS

IBC STRUCTURAL OBSERVATIONS REQUIRED
ICC 500-14 DESIGN WIND SPEED = 250 MPH
EXPOSURE CATEGORY C, Kz=1.0, Ke=1.0, Kg=1.0
ENCLOSURE CLASSIFICATION = PARTIAL

ALL OPENINGS AND PENETRATIONS ARE ASSUMED
PROTECTED AS PER ICC 500

COMBINED INTERNAL PRESSURE AND GUST WIND
FACTOR GC,=0.55

MAIN WIND FORCE RESISTING SYSTEM (MWFRS)
WIND LOADS:
ROOF, FIELD: +8.0 PSF, -204.8 PSF
EDGE: +8.0 PSF, -267.6 PSF
WALLS, FIELD: +/-114.0 PSF
CORNERS: +/-171.8 PSF

COMPONENTS & CLADDING (C&C) WIND LOADS:
WALLS, FIELD: +195.3 PSF, -210.2 PSF
CORNERS: +195.3 PSF, -210.6 PSF

WIND BASE SHEAR:
NORTH/SOUTH DIRECTION: 339.5K

EAST/WEST DIRECTION: 339.5K
WIND UPLIFT: LOAD BEARING  NON-LOAD BEARING
WALLS WALLS
BEARING HEIGHT 10,405 PLF 467 PLF
BOTTOM OF WALL 4,796 PLF 0PLF

GENERAL DISCLAIMER

SITE LAYDOWN, COLLAPSE, & ROLLOVER LOADS
NOT CONSIDERED

ROOF LIVE LOAD = 100 PSF

ROOF DEAD LOAD = 75 PSF

GROUND SNOW LOAD = 20 PSF

RAIN LOAD (INCLUDING PONDING) = 100 PSF

SEISMIC DESIGN CATEGORY C
SOIL SITE CLASS C

Ss= 0.431 Sps=0.374 Qo=2.5
S1= 0.157 Sp1=0.157 Ca=2.25
Cs= 0.134 R=3.5 le=1.25

LATERAL FORCE RESISTING SYSTEM (LFRS):
INTERMED. REINF. MASONRY SHEAR WALLS

SEISMIC Fp=+/-30.7 PSF OUT OF PLANE (O-O-P)
SEISMIC BASE SHEAR

NORTH/SOUTH DIRECTION: 369.3 K
EAST/WEST DIRECTION: 369.3 K

CMU WALL SYSTEM FULLY GROUTED, f'm = 3,000 PSI

FOUNDATION DESIGN INCLUDING FOUNDATION
DOWEL BARS BY OTHERS

ASTM C90 CMU (6", 16"), 105 PCF DENSITY, FULLY
GROUTED, RUNNING BOND UNLESS INDICATED
OTHERWISE

ASTM C270 MORTAR TYPE S
FIELD MIXED MORTARS:
RECIPE BY PROPORTION METHOD
PRE-BLENDED MORTARS:
RECIPE BY PROPORTION METHOD
ORBY ASTM C1714

ASTM C476 COURSE GROUT (MIN. f'g 2 fim)

ASTM A615 GRADE 60 REINFORCING BARS,
PROVIDE WELDABLE WHERE SHOWN

ASTM A951 W1.7 JOINT REINFORCEMENT 16" O/C
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THE INFORMATION ON THESE DRAWINGS HAVE BEEN PROVIDED FOR EDUCATIONAL PURPOSES ONLY TO ASSIST OWNERS, BUILDERS, AND DESIGNERS IN
UNDERSTANDING THE STRUCTURAL ASPECTS OF CONCRETE MASONRY TORNADO SHELTER DESIGN. THEY ARE NOT INTENDED AS AN END-PRODUCT. ANY USE
OR REUSE OF THE INFORMATION OR DOCUMENTS WILL BE AT THE END USER'S SOLE RISK AND WITHOUT ANY LIABILITY OR LEGAL EXPOSURE TO THE AUTHORS,
THE MASONRY INSTITUTE OF ST. LOUIS, OR THE NCMA EDUCATION AND RESEARCH FOUNDATION.
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CJ DESIGNATES
\/ CONTROL JOINT
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CJ DESIGNATES
\/ CONTROL JOINT

cJ cJ cJ cI\39/ cJ
_Ttow. oV \Vi \/ \/ \/
38'- 0" N~
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_FINISHFLOOR _ & . _
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28— 24' - 0" 25'- 4" 25'- 4" 24' - 0"
NORTH EXTERIOR ELEVATION
1/16" = 10"
cJ \38 ¢, cJ cJ cJ
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o\.
5 N
%
™
=<I'
S
_FINISHFLOOR - . |} | N ]
0'-0" N
2. 8"\17\ 24'-0 25'-4 25'-4 24'-0
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0.:-:2. = 16  SEE SHEET 3.0 FOR GENERAL DISCLAIMER
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CJ DESIGNATES 14" o
Y/ CONTROL JOINT 10\
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16" CMU

BEARING

T.O.W.
38 - 0"
36' - 0"

51 4» ROOF SYSTEM w/ CONC. TOPPING

SECTION PARALLEL TO SPAN

1/16" = 1'-0"

O

16" CMU

FINISH FLOOR

2026
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REINFORCING NOTE

2 WIRE W1.7 JOINT REINFORCEMENT AT 16" O.C. VERTICALLY ALL ELEVATIONS

CJ DESIGNATES
\/ CONTROL JOINT

(2) COURSE 16" BOND BEAM w/

(2) #6 BARS EA. COURSE,
ALL WALL SEGMENTS

/1

3.10

/2
3.10

CJ CJ
T.O.W. N \Vi \Vi \/ \/ \/
38-0" N T _—-———-———= T T S T S P e T e S R T T T e T T e T C
o T e T T T et e e e e e e e e e e e P T e
[ R [ [ [ |
| [— | | [— |
| (AR | | (AR |
| R | | R |
b —— o b e b —— o
Nt ——- F—= ——-
Tl | | [
2 Tk -1 [ -1
. F———d——t——+ F—————F——-
% | AR | | AR |
™ | | | | | | | |
%' - 8" ! 95 4" ! ! 95 4" ! %' - 8" ”
(2)#6 AT 8" O.C. % : SEE DETAIL 1/3.7: : SEE DETAIL 1/3.7: (2)#6 AT 8" O.C. 7
= [ | | [ |
‘t.l N (R | I (ARSI I ‘t.l
\3.11/ | i) | | i) | \3.11/
| [ | | [ |
[ AR [ [ AR [
4ﬂM&EuDB\4f, | I I | I I I I

0-0" ‘

NORTH/SOUTH REINFORCEMENT ELEVATION

High School Gymnasium
Reinforcement Elevations
RWT

Drawn by:

1/16" = 1'-0"

(2) COURSE 16" BOND BEAM
(2) #6 BAR EA. COURSE,

6" CMU CLOSURE WALL w/
#5 VERT. BARS AT 24" O.C.,

(3) COURSE BOND BEAM
(1) #5 BAR EA. COURSE,

ALL WALL SEGMENTS ALL WALL SEGMENTS 39 ALL WALL SEGMENTS
cJ cJ cJ ' cJ cJ
CTOW. 5(. V4 \/ VA ! R
38 -0 f?\i_L-____ﬁ\_ T ——
I o O i B oy s el e = \3.10/
BEARING 7 | : : | 7
36'- 0" 1-4" | ; | | o
[ | | [
| | | |
| | | |
] 26'- 8" ! 125 - 4" ! 25' - 4" 26'- 8"
) (2)#7 AT8"OC. | SEE DETAIL 2/3.7 | (2)#7 AT 8" O.C. (2)#7 AT 8" OC.
oo . | [ [ | 2
®g I I I I //\\
i | | i 3.10
| | | |
] e i e B et
(5 EiSEHiE (5 (5
r -
(i) - . (i G/
R |
FINISH FLOOR s '
_ PHNTON PLUVIR N N\ - | |
A | h | 2
cJ cJ
EAST/WEST REINFORCEMENT ELEVATION HEE

1/16" = 1-0"

024 8

16" SEE SHEET 3.0 FOR GENERAL DISCLAIMER

CMU Tornado Storm Shelter Prototype No. 3
CMUSS - 3

Masonry Institute of St. Louis

Project number:
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CJ DESIGNATES
\/ CONTROL JOINT

TOP OF WALL BOND BEAMS
cJ //ﬁPERDETNL1/36 cJ
\Vi \Vi
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g 4N 14 3\ I L
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I I I I
I I I I
I I I I
I I I I
| | | |
25 _ 4"

WINDOW JAMB REINFORCEMENT

1/8" = 10"

CLOSURE WALL & TOP OF BEARING
/BOND BEAMS PER DETAIL 2/ 3.6
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1/8" = 10"

SEE SHEET 3.0 FOR GENERAL DISCLAIMER
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104'- 0"

o4

JOISTS AT 4'-8" O.C. MAX.

o 4

104'-0"

3.9

ROOF SYSTEM BY OTHERS.

COMPRESSION BRACE
BOTTOM OF MAIN JOIST

PER MANUFACTURER.

TOP-CHORD BEARING

STEEL JOIST

/ CENTER LINE OF STEEL

JOISTS TO BE LOCATED AT
THE CENTER OF THE CMU

CELL BELOW AS
MEASURED ALONG THE

WALL, SEE DETAIL 1/3.9
FOR MORE INFORMATION

-

%

ROOF FRAMING PLAN

1/16" = 1'-0"

N
HE
024 8 16'

SEE SHEET 3.0 FOR GENERAL DISCLAIMER
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#5 AT 24" O.C. LAP
30" w/ LOWER WALL
VERTICAL REINF.

row. ..
N3gr. 0"

DIAPHRAGM ——
CHORD

COMPOSITE METAL DECK

(3) COURSE CLOSURE WALL w/

(1) #5 HORIZONTAL BAR EACH COURSE

10"x16" MASONRY PLATE, HOLD IN 1 1/2"
/ FROM INSIDE EDGE OF CMU

CONC. TOPPING SLAB ON T‘

— — — 2
/\44;»77’554\;:'\ L9 -4

° 5

&| FULL GROUTED —, 5
6" CMU £% :

N\ BEARING . » y =
36' _ Ou . . '&

(3) #6 SHEAR BARS, —
56" LONG, WELD TO <
MASONRY PLATE

LONGSPAN STEEL
JOIST, 56" O.C,,

. IR WELDED TO
<| WALL VERTICAL —._| MASONRY PLATE
©| REINF. w/ 2" N PROVIDE
COVER ROLLOVER
RESISTANCE FROM
DIAPHRAGM CHORD &
FULLY GROUTED
16" CMU N FORCE TRANSFER
> (2) COURSE BOND BEAM w/

(2) #6 HORIZONTAL BARS
EACH COURSE

T~ (3) #6 UPLIFT/TOP OF WALL
MOMENT BARS, 56" LONG,
WELD TO MASONRY PLATE

ROOF SECTION LOAD BEARING WALL

1/2" = 10"

FACE OF 16" CMU
FACE OF 6" CMU \

(2) COURSE BOND BEAM w/
(2) #6 HORIZONTAL BARS
EACH COURSE

38'- Q"

REINF. FOR
16" CMU WALL

#5 AT 24" O.C. LAP 30" w/ LOWER
WALL VERTICAL REINF.

JOIST BEARING PLATE

N

42°x42" #5

/"~ REINFORCING BAR AT

16” O.C. MAX.

f DIAPHRAGM CHORD

FULLY GROUTED
16" CMU N

WALL VERTICAL —]

o _gn

CONC. TOPPING SLAB ON
COMPOSITE METAL DECK

| ™~ (2) COURSE BOND BEAM w/
(2) #6 HORIZONTAL BARS
EACH COURSE

/

REINF. w/ 2"

COVER

/ LONGSPAN STEEL JOIST

ROOF SECTION NON-LOAD BEARING WALL

1/2" = 10"

LONGSPAN STEEL JOIST, 56" O.C.,
WELDED TO MASONRY PLATE

(3) #6 UPLIFT/TOP OF WALL
MOMENT BARS, 56" LONG,
WELD TO MASONRY PLATE

- (3) #6 SHEAR BARS, 56" LONG,
WELDED TO PLATE

L 10"x16" MASONRY PLATE

3
1"=1-0"

NOTE:

1. FINAL DESIGN AND DETAILING OF THE ROOF SYSTEM INCLUDING DRAINAGE, LONG SPAN STEEL JOIST, CONC. TOPPING, COMPOSITE METAL DECK MECHANICALLY
CONNECTED TO JOIST FOR UPLIFT, DIAPHRAGM CHORDS, BEARING PLATES, AND ALL CONNECTIONS (BOLTED AND WELDED) TO BE COORDINATED WITH THE
STRUCTURAL STEEL MANUFACTURER

SEE SHEET 3.0 FOR GENERAL DISCLAIMER
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biggs
Line

biggs
Line

biggs
Line


16" CMU BELOW |
DISCONTINUE ALL HORIZONTAL \

REINFORCEMENT THIS LOCATION

VERTICAL AND HORIZONTAL REINFORCEMENT

NOT SHOWN FOR CLARITY

L

i

6" CMU
/

CJ

X

16"

16" CMU j

RAKE BACK HEAD JOINT 5
MORTAR, BACKER ROD AND O

ALT. RETURN J

BLOCK

2 _g"

SEALANT IN JOINT, BOTH FACES,
TYP. ALL CONTROL JOINTS

N

N

CORNER AND CONTROL JOINT DETAIL (ABOVE BEARING LEVEL)

3/4"=1'-0"

VERTICAL AND HORIZONTAL REINFORCEMENT

NOT SHOWN FOR CLARITY

CJ

o _ g

16" CMU j

RAKE BACK HEAD JOINT 5
MORTAR, BACKER ROD AND O

28"

SEALANT IN JOINT, BOTH FACES,
TYP. ALL CONTROL JOINTS

CORNER AND CONTROL JOINT DETAIL (BELOW BEARING LEVEL)

3/4" = 1'-Q"

16" " 6" CMU
16" CMU ﬂ
CJ RAKE BACK
TOP OF \/ HORIZONTAL JOINT _
WALL MORTAR EACH FACE,
APPL\M SEALANT
-
N
BEARING
LEVEL
_ 2
5|
©|°
™o
/N
cJ
> g L 240"
7 T0C4

VIEW 'A-A' CORNER ELEVATION
3/4" = 10"

CORNER AND CONTROL JOINT DETAILS NOTES:

1. AT CORNERS:
a. PROVIDE ONE-PIECE CORNER HORIZONTAL
JOINT REINFORCEMENT
b. CONTINUE AND DEVELOP HORIZONTAL BARS AROUND
CORNERS, EXCEPT WHERE NOTED OTHERWISE

2. AT CONTROL JOINTS:
a. DISCONTINUE HORIZONTAL JOINT REINFORCEMENT
b. HORIZONTAL BOND BEAM REINFORCEMENT AT THE
BEARING LEVEL AND ABOVE SHALL BE CONTINUOUS
THROUGH CONTROL JOINTS, EXCEPT WHERE
NOTED OTHERWISE

3. JAMB UNITS SHOWN, USE OF OTHER UNIT TYPES
SUCH AS STRETCHER AND OPEN-ENDED UNITS
IS ALLOWED

4. ALL UNITS TO BE FULLY GROUTED

SEE SHEET 3.0 FOR GENERAL DISCLAIMER
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LAP SPLICE LENGTHS (INCHES) FOR f» = 3,000 psi

UNLESS OTHERWISE INDICATED BY DETAIL OR NOTE

BAR LOCATION

HORIZONTAL JOINT
REINFORCEMENT

RE'NF%TECEEMENT 1VERTICAL | 2LAYERS | 1HORIZ. | 2HORIZ.
BAR - VERTICAL BAR - BARS -
CENTER BARS®® | CENTER | 1LAYER®
#5 23 ; 28¢ ;
46 20 53 20 35
#7 ; 71 ; ;
#8 ; 107 ; ;
W1.7 ALL LOCATIONS

8

8 .-0"
DOOR OPENING

a CONTROLLED BY K=2.0 INCHES WHICH WAS SELECTED AS THE VERTICAL BAR COVER H
b ALTERNATIVELY, USE MECHANICAL COUPLERS WITH 125% OF THE BAR YIELD STRENGTH 1
¢ CONTROLLED BY K=2.0 INCHES
d CONTROLLED BY K=3.0 INCHES

DOOR OPENING

HEAD

1/2" = 1'-0"

8. 0"

DOOR OPENING
AT JAMB PANEL

1/2" = 1'-0"

VERTICAL REINF.
| 0" SPACE Lt | w/ 2" COVER
(BAR SIZE VARIES)
i
. #5 DOWEL x 24" | — #7 DOWEL x 32"
LONG AT 8" O.C., = LONG AT 8" O.C.,
CELL CENTERED CELL CENTERED
| FOUNDATION | FOUNDATION
' BY OTHERS ' BY OTHERS

BOTTOM OF WALL BOTTOM OF WALL
@ BELOW WINDOW 7 NON-LOAD BEARING
3/8" =1-0" 3/8" =1-0"

7 VERTICAL REINF. w/ 2" COVER, DOWEL BAR
SIZE TO MATCH VERTICAL BAR, LAP DOWEL
13 PER LAP SPLICE LENGTH TABLE AT LEFT

0" SPACE

’7§L7¢L ALTERNATE: FOUNDATION DOWEL w/
THREADED MECHANICAL COUPLER (BY
OTHERS), COUPLER TO DEVELOP 125% OF

0" SPACE

,/ THE VERTICAL BAR YIELD STRENGTH
| FOUNDATION
BY OTHERS
BOTTOM OF WALL LOAD BEARING
3/8" = 1'-0"
- »
L) N .
8
AN :
E m
5 z
; Z
o) &
g o
_5v ;
=~ T S .
z
S
L Je Iy

WINDOW OPENING
HEAD AND SILL

WINDOW OPENING
AT JAMB PANEL

1/2" = 1'-0" 1/2" = 10"

SEE SHEET 3.0 FOR GENERAL DISCLAIMER

12}
S
E o
3 0
0N c
® o
E 3
(DU),_
5 %2
28
-k
c C
o 23
T a5
n
.52
O o
_Ig
45 5
w o
“— o
O &
O o
)
200
S € o
U)og
Loz
o
> O ..
O o5
cC £ g
o
8|—E
o RS)
O a

MASONRY
INSTITUTE
OF ST.LOUIS

Date: 2026

3.11




	Drawings 2-25-2026.pdf
	Music room #2
	1.0 - Design Criteria
	1.1 - Floor Plan
	1.2 - Model View
	1.3 - Exterior Elevations
	1.4 - Exterior Elevations
	1.5 - Building Sections
	1.6 - Reinforcement Elevations
	1.7 - Jamb & Lintel Details
	1.8 - Roof Framing Plan
	1.9 - Section Details
	1.10 - Corner and Section Details
	1.11 - Lap Splice Details
	2025-10-9_small gym.pdf
	2.0 - Design Criteria
	2.1 - Floor Plan
	2.2 - Model View
	2.3 - Exterior Elevations
	2.4 - Exterior Elevations
	2.5 - Building Sections
	2.6 - Reinforcement Elevations
	2.7 - Jamb & Lintel Details
	2.8 - Roof Framing Plan
	2.9 - Roof Sections
	2.10 - Corner Details
	2.11 - Lap Splices and Section Details

	2025-9-25_large gym.pdf
	3.0 - Design Criteria
	3.1 - Floor Plan
	3.2 - Model View
	3.3 - Exterior Elevations
	3.4 - Exterior Elevations
	3.5 - Building Sections
	3.6 - Reinforcement Elevations
	3.7 - Jamb & Lintel Details
	3.8 - Roof Framing Plan
	3.9 - Roof Sections
	3.10 - Wall Corner Details
	3.11 - Lap Splice & Section Details

	Small Gym #2.pdf
	2.0 - Design Criteria
	2.1 - Floor Plan
	2.2 - Model View
	2.3 - Exterior Elevations
	2.4 - Exterior Elevations
	2.5 - Building Sections
	2.6 - Reinforcement Elevations
	2.7 - Jamb & Lintel Details
	2.8 - Roof Framing Plan
	2.9 - Roof Sections
	2.10 - Corner Details
	2.11 - Lap Splices and Section Details


	Small Gym #2
	2.0 - Design Criteria
	2.1 - Floor Plan
	2.2 - Model View
	2.3 - Exterior Elevations
	2.4 - Exterior Elevations
	2.5 - Building Sections
	2.6 - Reinforcement Elevations
	2.7 - Jamb & Lintel Details
	2.8 - Roof Framing Plan
	2.9 - Roof Sections
	2.10 - Corner Details
	2.11 - Lap Splices and Section Details

	Large gym #2
	3.0 - Design Criteria
	3.1 - Floor Plan
	3.2 - Model View
	3.3 - Exterior Elevations
	3.4 - Exterior Elevations
	3.5 - Building Sections
	3.6 - Reinforcement Elevations
	3.7 - Jamb & Lintel Details
	3.8 - Roof Framing Plan
	3.9 - Roof Sections
	3.10 - Wall Corner Details
	3.11 - Lap Splice & Section Details





