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Structural Codes

Free of their ACI
overlords

> Load

Admin
and
Scope

An ACI Standard and Report
TMS 402/602-16
Building Code Requirements ilding Code Req A
for Structural Concrete and Specification for 5 4 IJ 4 I ! F F L
(ACI 318-14) Masonry Structures -l
Commentary on
Building Code Requirements
for Structural Concrete
(ACI 318R-14)

Roported by ACI Commites 38

INTERNATIONAL
BUILDING CODE

ACI 318-14

INTERNATIONAL
BUILDING CODE

*Probably AISI S240

Minirnem Detign Leads and
Associated Criteria for
Buiildings and Othar Structures

We will mostly only
be covering admin
and loading items in
this presentation

WOOD
COUNCIL
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General Structural Notes
Foundation Plan

Floor Framing Plan

Roof Framing Plan

Structural Details

Supporting Documents
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Structural Calculations §° & 38

Geotechnical Report

Geotechnical Special Inspection
Certificate

Structural Special Inspection
Certificate

Structural Observation Certificate
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General Structural Notes Contents

* Building Code

* Design Live Loads

* Roof Rain Intensity —Important in Arizona.

* Wind Design Data

* Earthquake Design Data

* Geotechnical Report Number and Date

o for minor projects without a geotechnical report see the phoenix

amendment to 1803.2 or policy document/TRT "

* Soil Bearing Values

e Statement of special inspections

e Structural Observations

* Deferred Submittals

* Material Specifications

o Make sure the notes actually apply to this project
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Deferred Submitals Delegated Designs

*|dentified before a permit is *Usually performed and submitted
issued, but before a permit is issued by a
*Performed and submitted different engineer.

after a permit is issued
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Deferred Submittals

LIMITED ITEMS CAN BE DEFERRED  romuy ‘ ‘

* See the Phoenix deferred

submittal policy document
https://www.phoenix.gov/pddsite/Documents
/TRT/dsd trt pdf 00469.pdf

Do not defer:
> Stairs

» Guards (Guardrails)
» Structural Connections
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https://www.phoenix.gov/pddsite/Documents/TRT/dsd_trt_pdf_00469.pdf
https://www.phoenix.gov/pddsite/Documents/TRT/dsd_trt_pdf_00469.pdf
https://www.phoenix.gov/pddsite/Documents/TRT/dsd_trt_pdf_00469.pdf
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Deferred Submittals

The construction permit drawings should:

* I|dentify all deferred design items,

 Show deferred items on the plans and in the details,
* Specify the design loads for the deferred items,

* Detail the supports for the deferred items.

Each deferred submittal is required to be reviewed and
approved by the design team including peer reviewer
before they get to the field for construction (or to the office
for an office review).
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Delegated Designs

Any portion of the structural design
may be delegated to another qualified
licensed engineer by the engineer of
record.

Delegated Designh drawings need to be
regular design drawings and are not
shop drawings!
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Metal Buildings BRECERVE
and Precast Concrete gﬁﬁf

Metal Buildings and Precast Concrete Structures are a
example of a DELEGATED DESIGN

Check:

* Are the drawings sealed with an ARIZONA seal?

* Are the drawings labelled “FOR CONSTRUCTION"?

* Do the drawings appear complete? Notes, Plans, Details
— including the moment frame connections?

* Do the drawings look like this project?
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Coordination

*Check the architectural drawings for
compatibility with the structural
drawings
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Common Load Issues

Live Loads:

*Too low in assembly areas and corridors that serve them. IBC Table 1607.1.
*Live loads over 50 psf are posted in a conspicuous location. IBC 106.1

Dead Loads:

*Not coordinated with actual finishes and construction shown
on architectural drawings.

*Frequent mismatch between roof covering

and number of layers of gypsum board.

Wind Loads:

*Exposure Category B chosen arbitrarily over Exposure Category C

resulting in approximately 30% missing wind load.

*Missing parapet and overhang wind loads

*Partially enclosed buildings aren’t designed for increased internal pressures
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*Frequently misunderstood and misapplied
*Result of confusion is Exposure Category B being used in
inappropriate locations, resulting in less safe buildings.

*What ASCE 7 says: 1
*For each wind direction the exposure Surface Roughness e T
is to be determined by the worst case 45° sector. \\» i~ A4S Y
*What? PN ““u.ﬁ,
*Surface Roughness describes one area. £ \:‘*:’f % L2
*Exposure Category describes the result of all of the \ N\ - 1\ VAR \
Surface Roughness areas in the two quadrants overthe ~ + | ‘\ ’”1 N P 1,
required distance from the structure. ;,,,? Yy 5008, 1600 P-2600
*Many areas of Phoenix that are not developed are 6 '*'"xkﬁ,, - **fggjgit;zsegr\“ . ;,f' /
Surface Roughness C. ﬁ,f"“ 'Striuﬁtﬁg____ ,?\‘\ ;”I 3

, North direction Exposure Category
is determined by worst case of
guadrants 8 and 1

*Where Exposure Category B is used it is best to perform
an analysis of the percentages of open spaces to confirm.
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Wind Exposure Category Cont.

Surface Roughness B: Urban and suburban areas with numerous, closely spaced
obstructions that have the size of single-family dwellings or larger

Roughness [

C
Roughness
B

Surface Roughness C:

Open terrain with o e sesv

scattered . .

obstructions that

have heights

generally less than : S

30 feet. | } = S
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Wind on Parapets and Overhangs
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*Parapets and overhangs have high wind loads as the wind pushes on one

side while it pulls on the other side.

*Buildings with parapets have much higher wind load than those without
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Wind on Partially Enclosed Bldgs

*Partially enclosed buildings have much higher internal pressures

*This results in higher forces on the individual components —

*Requirements for wind loads on doors and exterior windows in
IBC 1709.5... yes doors and windows are actually regulated

PRESSURE

—— —
— ——
INTERMAL — ——-—
— ——
—— ——

Commentary Figure 1609.2
EFFECTS OF OPENINGS IN THE BUILDING ENVELOPE
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OPENING ON LEEWARD WALL

Commentary Figure 1609.1(2)
OPENING IN EXTERIOR WALL OF BUILDING
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Do walls need wind anchorage

nd Wa” AnChOrage to diaphragms like they do for

seismic loads?

W

Is your dead load larger than your
wind load by the time you reach the
sill plate?

-

(a) After hurricane Michael (b) Before hurricane Michael (Nov 2017)

Figure 17: Jinks Middle School (Panama City) gym destroyed by Hurricane Michael
(source: WMBB). (a) Post-storm imagery documenting failure of end wall adjacent to
parking lot (yellow dashed boxes) and tennis court (red dashed boxes). Roof at the tennis
court side (blue dash boxes) is completely peeled back. (b) Multiple views of building before
Hurricane Michael from Google StreetView (captured Nov 2017). Each damaged element in
(a) is boxed using the same colors but solid line in (b).
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Earthquake Loads:
*Soil site class C chosen arbitrarily resulting in approximately 20% missing earthquake load
*Sometimes dramatically large missing load if resulting Seismic Design Category is A used instead of B.

*Structure separation for earthquake pounding is not provided

Rain Loads:
*Rain ponding potential ignored or incorrectly checked only with strength and not stiffness.
*ASCE 7-16 updated its definitions of susceptible bays to clarify where its required to check.
*From 2007 to 2017 rain load building damage losses in Texas and Arizona were nearly equal to snow load

losses in New England
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Earthquake Building Pounding

* Building pounding occurs when two adjacent buildings collide.

* Earthquakes cause pounding when adjacent building have little or no separation.
* Can be extremely severe if impact takes place between floor levels

* Phoenix is lucky that it’s earthquake chances and motion are low, but they are not zero
* Only way to design for pounding is with separation.
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Roof Rain Load and Ponding
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Approximate equivalent uniform  Line of deck
| ponding load = 20 psf B slope ‘I

1.71n. o

(b) Deck deflected \ 2-in. centerline
under rain load deflection of deck

2.2-in. hydraulic
head at scupper

2-in. static head

o PARAPET

LN, B-INCH-HIGH x &INCH-WIDE CHANNEL SCUPPER

For SI: 1inch =25.4 mm.
Commentary Figure 1611.1(5)
RAIN LOAD EXAMPLE

4 S PRIMARY DRAINAGE SYSTEM
(ASSUME BLOCKED)

SHAPE
BUILD

*Rain causes mild pond
*Roof deflects

*More water ponds
*Roof deflections more

*Continues until failure or equilibrium from stiffness
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IBC 706 Fire walls — structural independence
(Section 706.2)

706.2 Structural stability.

Fire walls shall have sufficient structural
stability under fire conditions to allow collapse
of construction on either side without collapse
of the wall for the duration of time indicated by
the required fire-resistance rating or shall be
constructed as double fire walls in accordance
with NFPA 221.
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Overlapping Information with
Architectural Details

Can this detail be used at a fire wall? [

e Compare with this detail E—
1. TILT-UP CONCRETE PANEL ASREQUIRED
2 1/2°10"Wx16™H STEEL EMBED GROUT, AS REQUIRED —,
PLATE WTH 4 -3/4" DIA
T HEADED STUDS
AT 8" 0.C. HORIZ. AND
12" 0.C. VERTICALLY. .
3. STEEL LEDGER ANGLE. ggﬁmé&"g‘; — ROOFING MEMBRANE
4. SHOT PINS PER G.SN. ' f
5. PLYWOOD ROOF SHEATHING. METAL DECKWITH — )
6. 21/2" THICK WOOD NAILER CONCRETE : i;EsETL BAR
WITH 14 SCREWS 2" LONG N o
AT 6° 0.C. EACH SIDE
(STAGGERED). )
7. STEEL JOIST. WHERE STEEL .
JOIST BEARING - ] >
IS WITHIN 9" OF EDGE OF " p
PANEL, SEE DETALLS 215, A
218 AND 217.
8. STEEL JOIST CONNECTION
PER TYPICAL DETALL o | A
8. JOIST MANUFACTURER TO = / =
o m:.\~ T; mmpmmmm BOTH SIDE: .
" Sityp)— -
%;‘m CHORD. ) SEE TABLE 1 ) "‘-..‘_‘
Table 1 — Thermal Movement Values | | - ||y STEELECHRH
for Steel Frames (Ref. 9.10) |
Length of bay Minimum clearance | /
perpendicularto | "x" for steel frame r
fire wall expmsion,
fi (m) . {man)
SECTION wo(e10) | 2% (6N
I (762 | 3% (33)
300 (9.14) 3% (95)
35 {10.67) 4% (114
STEEL JOIST AT TILT-UP CONCRETE PANEL 10 (1219) 50
206 782-01.1d  NOT 10 SCALE 45 1372) £ (146} '
50 {15.24) 6 (159 |
55 (16.76) T am CONCRETE—
1% (191) MASONRY

FIRE VUALL

Who is responsible for Fire Wall Structural Stability? - IBC 706.2
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Fire Partition Section 708

@ SIM: ROOF PER ARCH
(2) 0.177" PAF's © REPLACES CONCRETE SLAB, NO
; 16" 0.C.

A WEE STIFFENERS REQ'D.
16 GA x 6" LONG WEB STIFFENER PER DTL Fire Barrier Section 707
CL"EZrJMﬁLZE ;n;ﬁ \ 13/5.401 MATCHING

SIZE & GAGE OF STUD
SCREWS EA. LEG BELOW

2) 0.177" PAF's @ 16°
i ey @ 0.C.

NOTE: STUDS SHALL ALIGN
BETWEEN FLOORS.

-

SEE ARCH. FOR FIRE

RESISTANCE REQ'S AT EXTEND GYPSUM TO DECK.
\ PENETRATIONS & JOINTS cur J.LnHIIILI'IO JOISTS
“— JOIST PER PLAN FIRESTOPPING AT ALL

i JOIST PENETRATIONS PER
N\ TRACK MATCHING A SPECIFICATIONS TYP
JOIST GAGE

CORRIDOR JOIST
PER PLAN

7\ JOIST BEARING DETAIL

CORRIDOR JOIST PER I -
23 PLAN . \__ JOIST PER PLAN
\/?me: 3/4'=10" CONT. TRACK PER .

DTL 28/5.401 NOTE: PROMVIDE (1) TOP

@ SIM: ROOF PER ARCH FASTER, (2) FACE FASTENERS
REPLACES CONCRETE SLAB. & (4) JOIST FASTENERS AT

S/JCT CUPS. FASTENERS

Which Detail 53 ) JOIST BEARING DETAIL mEr=
Should You Use?
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Overlapping Information with
Architectural Details

IBC 704.2, 704.3, 704.4 — individual protection of
structural members
 Columns
* Individual encasement protection™
* Primary structural frame other than columns (see
Chapter 2 for definition)
* Individual encasement protection if supporting
more than 2 levels of stuff
e Secondary members
* Individual encasement or membrane protection
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Architectural Details

UNIT S02
151 |
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Overlapping Information with PRESERVE

: : SHAPE
| Architectural Details BUILD

Jit

IR {1y
[“’*[ NOTES
. v ™ T 1. UNIT STUD WALL AND FLOOR
3 1/2' SOUND BATTS ——" /  AT10-0°O.C. ATFURR DOWN ] i | 2. CONTINUQUS 2X [ 1
/ INSTALL MINERAL WOOL FIRE-STOP | { . PLATE WITH 160 AT
AT AIR SPACE AT PARTY WALLS ! I . s CAP PER ARCH'L
% : e ) 4. TOPPING PER PLAN
== | _—=-SCHEDULED PARTITION, SEE ] - [ _{a) 5 2 HOUR RATED ASSEMBLY
i /, FLOOR PLAN : f : / PER ARCHl
[ONIT ) ¥ VT Y (N IO e D I S N
FLOOR ASSEMBLY - SEE —, INSTALL ALUM. CLIPS PER o s
STRUCTURAL AT WALL ASSEMBLY k. H
¢ | ——SILL PLATE [
iv '; — i 1 ‘. : /':
L - , o1 ¥ o K v 1 !
L . L " = ' { " - \ v
; ] | SRR
N\ : 7 NN P =S R INES N Y
NN { T—20WOOD PLATE, N\ ] e AR
L O\ i / ‘-\\\ < £ o | i I ‘\\_" L
AN =< miNERAL WOOL BLOGKNG, \&/ | £ (1)
" i " /ATEACHFLOOR LEVELAS ™\ ! % -
| E REQ'D | ) ..
it I
. S—————— N T i —e————ye———— e —] : | : S
- AW A s e r————— e : [ i e 5) NOTE
% | | i LA | JIL
~ f ! k. ' : Y RICAL
1/2° R.C. CHANNEL AT 12" 0.C.~/ ) ~J I\ GYP. 2D. CEILING PER ASSEMBLY ! K | :E:L?:T;;b% MME TRICA
) ™\ 2x woop sLocknG | : B g SR AL DAL,
- : ! { ! AND SHEAR PANEL NAJ
. A SPACING PER _SHEAR WALL
. 3 | i SOREOULE
i - - | ‘I.‘ . P
Y - g - - -
= / \ PREFAB WOOD TRUSS AT WOOD STUD WALL - 2 HOUR WALL
(7 2 HR RATED FIREWALL AT FLOOR/CEILING 1 (264 ) YT e
( . -1326 NO SCALE

o/ SCALE: 1 1/2" =10’ —
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Part of Cedar Rapids building falls to Part of Cedar Rapids building falls to
the ground, damaggf vehicl the ground, damages vehicle

Published: Fri Jul 24 2020 Published: Fri Jul 24 2020

See IBC 1404.6 through 1404.10 for heavy veneer anchorage. Frequently links to TMS 402 and TMS 602.



Roof Framing Plan

IRC and Conventional Roof Construction IBC 2308
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*Ceiling joists are an integral part of the construction
*They resist the thrust outwards on the walls as there is no beam

at the top of the ridge

Ridge board versus a ridge beam

¢

CEILING JOIST —
(RAFTER TIE)

COLLAR BEAMS AND CEILING JOISTS PREVENT LATERAL SPREADING
OF THE ROOF SYSTEM DUE TO GRAVITY AND WIND LOADS.

Commentary Figure 2308.7.3.1

\/ o 1x6 COLLAR BEAM EVERY
ATHIRD RAFTER PAIR
- T o \
____ These things are
ﬂ for wind uplift

RAFTER TIES
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Elevator Support

*Hoistway beams are only for construction and maintenance
*The guide rails infrequently take the loading of the elevators

*Counterweights
typically weigh 1.4
times the weight of
the elevator

*Did you design your
walls for this? Have
columns for this?
What happens at
non-bearing walls?

ry ? o
Picture 1: One of two sides supporting the elevator weight. . N i o s e

counterweight. Notice the hoist beam above. Elevators 2014 structure cables that do not move. This beam installed by the

weight has traditionally been supported by the equipment magazine article elevator manufacturer is supported by the hoistway wall. It
and anchorages in elevator equipment rooms, above a is doubted this load was communicated to the building

hoistway, but these rooms are no longer common. designer. This hoistway consists of both masonry and
concrete walls.
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Check Contents:

Failures very frequently occur at
connections, so ensure the
important connections are
provided and they make sense.

‘ d
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Shear Walls and Diaphragms

*That probably isn’t staggered nailing in your diaphragm and
shear wall panel edges typical detail

Splitting occurs parallel
to wood grain

M, }/\
E") | .| ‘
l Fraarmi gy Mlernbyer + ]
® : |
" o ui
i Wasd Earucural Panals { i
] ! " { :“p E ",
< | * el
L Nals
> ‘ H
E g : #a" Gaps Bebwean Panels | i
Lo | | N, !
Staggering a line of nails Nallng@mggared Mailng staggered

perpendicular to wood grain, parallel to wood grain
no matter how close nails are minimizes splitting

For 5i: 1inch = 25.4 mm.

Commentary Figure 2306.2(2)
Commentary Figure 2306.2(1) STAGGERED NAILING
HOW WOOD SPLITS AND
HOW STAGGERING MINIMIZES SPLITTING
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Remodels and Alterations

No more IBC Chapter 34. Must use |EBC.

 Show what the existing structure is and how your
changes are incorporated into it.

* 5% gravity load rule clarified to 5% more Ioad from
dead, live, or snow load. - &

 Usually have a 10% lateral
demand to capacity ratio rule.

* Older structures may not L

be capable of offsetting presumed s Q

ive load capacity with new dead

oad.
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Lateral Load Detailing

* Loads in the roof and floor diaphragms have a path to reach the shear walls

eLarge openings in diaphragms and shear walls have reinforcement

JOISTS OR RAFTERS

PROVIDE VENTING

e PER SECTION 1202.2

B (NOT SHOWN) A
EDGE NAILING PER k 7
TABLE 2304.10.1 (TYP) 7

WOOD STRUCTURAL
PANEL SHEATHING

EDGE NAILING PER
TABLE 2304.10.1 (TYPR)

BLOCKING AT STRAP
LOCATION (TYP)

ROOF SHEATHING
ATTACH BLOCKING TO S
TRUSS TOP CHORD T BRACING® /= _H“u_,
PER TABLE 2304.10.1 \ A |
ITEM 1 / i | : } l |
1 I ] | |
2 iyttt gl Ly 11 X ‘
- 7 = == | (l
x % BLOCKING (4) _ i [ L L
z %SIDES & WEB FILLER. e BLOCKS ' OPENING | I I ) i o
= ATTACH PER TABLE gz s o | Il Il | =4
i 230470.1, TEM1 § BETWEEN TRUSS | I O =
% / o WEBS ~ i W &
7 B A
e o]
e | I | [ | oz
| I 0 | | il o
1]
4 i DIMENSION OF OPENING | | : : I | : [ 2
2 I =
PREENGINEERED | || WALIRCIC ) A
BRACED WALL TRUSSES l I ' | ) I
LINE I S ) S Y
ol NAILING IN M ::ﬁ::ﬁ:::t::\l———i%**ﬂ ‘|
f ACCORDANCE | TIE AND BLOCKING EQUAL| | ‘ TIE AND BLOCKING EQUAL ‘ |
&.0° MAX 'r'Th‘lEThl: 1TABLE 230410, "T0 THE DIMENSION : : : } TO THE DIMENSION '] | } |
‘Cl)F OPENIIl‘lG i i OF OPENING I |
_ ' . I
(A\,SECTK)N @ ELEVATION
N N
a. Methods of bracing shall be as described in Table 2308.6.3(1) DWB, WSP, SFB, GB, PBS, PCP or HPS.

4.8 mm. FIGURE 2308.4.4.1(1)
OPENINGS IN FLOOR AND ROOF DIAPHRAGMS
FIGURE 2308.6.7.2(2)

BRACED WALL PANEL TOP PLATE CONNECTION
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Wood Shrinkage

IBC 2304.3.3 Shrinkage effects on wood framing

over three stories Shrmkage almost echuswer takes place
perpendicular to the grain for wood, not

longitudinally.
Table 1. Average Outdoor and
Indoor EMC Scenario sprinkler lines to roof: (3) 2x10s platform
Average  Average framed and (12) 2x top plates or sills.
Location Outdoor Indoor
EMC (%4) EMC (% . . . . pe
( o Assume Kiln Dried (KD) wood is specified
Los Angeles. CA 10 9 e 1: .
San Dicgo, CA 1 0 (because you don’t like getting sued from green
Twﬂm;m Palms. CA p p wood at 30%). Moisture content = 19%.
San Francisco Bay Area 13 9 —
Sacramento Valley (CA) 11 8 S=(3x9.25"+12 x 1.5”) x (19%-6%) x 0.002
N. Coast Red. (CA) 14 9 S =1.19 inches from foundation to roof plate

Sierra Nevada (CA) 11 *'  |If balloon framed then = 0.47 inches.

San Joaquin Valley (CA) 11 S « Mixed wood and masonry/concrete structures.
Phoenix/Tucson. AZ 7 6
S=DxMxC Where S = Shrinkage. inches

D = Dimension. inches
M = Change in moisture content. percent
C = Shrinkage coefficient, 0.0020 for Western softwood species |
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*Discontinuous shear walls have adequate detailing to transfer forces. This can get very complicated if you offset walls.

Lateral Load Detailing

* Diaphragms have collectors provided so force can reach a shear wall

COLLECTORS DISCONTINUOUS —_ % Transfer
Overturning % ‘i’ Diaphragm

g Al forces don’t ,/T /
| N follow your /
1 b offset walls! - couunms
B b 555@%53%} = C.oIIe.ctor /
| | LSHEARWALL | i // 7 Distributor
i i /4 %

[
PLAN VIEW: DIAPHRAGM AND SHEAR WALLS |~ COe %/
COLLECTOR BEAM COLLECTS FORCE FROM DIAPHRAGM %

AND DISTRIBUTES IT TO THE SHEAR WALL

VERTICAL IRREGULARITY TYPE 4... AN IN-PLANE OFFSET OF THE LATERAL-
FORCE-RESISTING ELEMENTS

Commentary Figure 15051{2) Commentary Figure 1605.1(1)
COLLECTORS EXAMPLES OF DISCONTINUOUS SHEAR WALLS
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Calculations

Data matches the GSN'’s
 Wind exposure
 Seismic data

ROOF F?P\MNC:' ’Fva{m 0

* Soils data REEELE 75
ot L1 I
Sketches of framing plans (keyed plans) ﬂﬂ‘r} - é.
et
Summaries for program input and output = - F—=HE
Hand calculations to validate connection

details.
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John-Jozef “JJ” Proczka
Structural Plans Engineer
602-534-7329
john-jozef.proczka@phoenix.gov
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