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Topics

* Load Combinations

* Serviceability Requirements: Building Drift

* Anchorage to Resist Uplift and Sliding Forces

« Components, Attachments, and Cladding
 Redundancy Factors

e QOverstrength

e Ductility Requirements

e Structural Systems to Resist Lateral Forces

e Strengthening Existing Systems: Seismic Retrofit
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Load Combinations

Problem 1: For the building shown below, determine the maximum and
minimum factored compressive force acting on the first story columns.
p=1.0,Sp5=1.0, L, =50 psf.

Gravity E = Seismic
10k —> 5
12 ft
10k — X
12 ft
rrr7 777 10k<—/‘///10k10k<—//1/‘/18
*D=20k 1D=20k Y T,
L=15k L=15k 60.6 k-ft 60.6 k-ft
L =8k L =8k i

P, =(1.2+0.25,,)D + pQ, +0.5L +0.2S (Section 12.4.2.3)
P, =[1.2+0.2(1.0)]20 + 1.0(10) + 0.5(15) + 0.2(0) = 45.5 k
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Load Combinations

Problem 1:
_ E = Seismic
Gravity
10k — 3
12 ft
10k — 5
12 ft
N N 10 k<< 10k 70k
- <
fD=20k 1D=20k Wy 10k
L=15k L=15k 60.6 k-ft 60.6 k-ft
L =8k L, =8k 24ty

P,=(09-0.2S,,)D + pQ. (Section 12.4.2.3)

P, =[0.9-0.2(1.0)]20+1.0(-10)=4 K
P,=12D+1.6L+0.5L, (Combination 2, Section 2.3.2)
P, =1.2(20)+1.6(15)+0.5(8)=52 k
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Building Drift

Problem 2: For the Special Steel Concentrically Braced Frame office
building shown, elastic deflections for each floor’s center of mass are
provided. Determine the inelastic story drift of the top floor (i.e., roof) and
compare it to the drift limit presented in Table 12.12-1 of ASCE 7-10. |, =

1.0.

5 :% (Eq. 12.8-15)

X
e

5(1.5)
T 10
~5(1.0)
10

0, =7.5 in.

0, =5 in.

A:5><+1_5x
A=75-5=2.5 in.

A, =0.025h, (Table 12.12-1)

Oye
5 1.5in

15 ft
X 1.0in

| 15 ft

777 7 77 /7 77
[ fe—]
20ft 20ft 20ft 20 ft
SCBF

R=6,0,=2,Cy4=5

A, =0.025h,, =0.025(15)(12) = 4.5 in. (ok)
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Building Drift

Problem 3: For the Special Steel Concentrically Braced Frame office
building shown, elastic deflections for each floor’s center of mass
are provided. Determine the required separation distance between
two identical structures based on requirements presented in Section
12.12.3 of ASCE 7-10.

Oye
¥ 15 ft 1.51n
C 6 Y .
5 =42 (Eq. 12.8-15 4 1.0 in.
cop : 15 ft
5, =—5(1165) 7.5 in. SRR AARS A T
' 20ft 20ft 20ft 20ft
A =+/7.52+7.5> =10.6 in. SCBF

separation

R=6,0,=2,Cy=5
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Anchorage to Resist Uplift/Sliding

Problem 4: For the footing and unfactored loads shown, determine if
the system can resist sliding. The footing is 5 ft x 5 ft in plan. Soil is
known to be sand.

Existing Grade 5
_}{_2.5 ft 375 psf
0.6D+0.6W (Section 2.4.1) L2t
Lateral: 0.6W =15 k [« g 150(4.5)=675 psf
Vertical: 0.6D = 0.6(50) =30 k 5 ft
Resistance: Sliding+ Lateral Bearing =30(0.25)+2(5) 075 J(;gg)S =12.75 k
12.75 k<15 k (NG) Per Table 1806.2 of the 2012 IBC, n=0.25

and lateral bearing pressure = 150 psf/ft
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Components, Attachments, and
Cladding

Problem 5: Determine the out-of-plane seismic load and the anchorage
force at the roof diaphragm for the first story CMU load bearing shearwall
shown. SDCA, Sy5=0.10, h=13 ft, |, = 1.0, I, = 1.0, rigid diaphragm, wall

weight W, = 81 psf.
Woal = Wopaaner = 0-2(W ) =0.2(81) =16.2 psf >5 psf (ok)
W darape
Foncnonge = 16:207)(17/2)/13=180 b/t S asroofjost T
:I | .E 1 4 ft
Anchorage force specified in ASCE 7-10 Section 1.4.5 § 3
(General Structural Stability) = Wa

&
i
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W1 =045 1. W,

Components, Attachments, and
Cladding

Problem 6: Determine the out-of-plane seismic load on the cantilever
parapet shown. SDCB, S, =0.25, h=13 ft, |, = 1.0, l, = 1.0, rigid
diaphragm, wall weight W__, = 81 psf.

=0.4(0.25)(1)(81)=8.1 psf <0.1W_,=0.1(81)=8.1 psf (ok)

wall

wall

w_ . =8.1 psf

a, =25 (Table 13.5-1, cantilever parapet )

parapet

R =25 (Table 13.5-1, cantilever parapet ) B Woarapet B
e 0.4a SpsW, (1 N 25) :I 2x8 roofJO|stI é 4 ft
parapet P Rp /Ip - (] =
L 0-4(2.5)(9.25)(81) (1 + 23) =243 psf A
(2.5)/(1.0) = W, 13 ft
=0.35 [, W =0.3(0.25)(1)(81) = 6.08 psf (ok) =
=1.6S,I W =1.6(0.25)(1)(81) =32.4 psf (ok) -

=24.3 psf
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Components, Attachments, and
Cladding

Problem 7: Determine the unfactored design wind pressure on the parapet shown.
Given: V =130 mph; h = 13 ft; building is enclosed and conforms to wind-borne
debris provisions; building is regular-shaped; building is not subject to dynamic
effects; building has a flat roof; K,, = 1.0; Exposure C applies; overall building
footprint = 50 ft x 100 ft; windward wall is 50 ft surface.

Section 30.9 (ASCE 7-10) W, rapet
Two load cases are required for parapet walls: Bl 2x8 roof jolst T
Load Case A — positive wall pressure from = ) .E L Aft

front surface of parapet plus negative roof
pressure (edge or corner as appropriate)

on backside of parapet

Load Case B — positive wall pressure on the
back surface of parapet plus negative wall
pressure on the front surface

13 ft

wall

AT TTTTTTTTTIITTT
=
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Components, Attachments, and
Cladding

Problem 7: Woarapet

2x8 roof joist

1]

| , 2 o
H 13 ft

A:Ll(?’i:533 fi 2 : el

g, =0.00256K K K.V? (Eq. 30.3-1) -

K,=0.87 (Table 30.3-1, z=17 ft, Exposure C)

K, =1.0 (Given)

K, =0.85 (Table 26.6-1,C &C)

V =130 mph (Given) See Figure 30.9-1

| =1.0 (Given)
q, =9, = 0.00256(0.87)(1.0)(0.85)(130)* =32.0 psf
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Components, Attachments, and
Cladding

PrOblem 7 Wparapet

2x8 roof joist
p = qp[GCp - GCpi] [ ] .E R 4 ft

GC, =10, —1.1 (Figure 30.4—1, Zone 4)

GC, =10, —1.4 (Figure 30.4-1, Zone 5)

GC, =0.30, —1.8 (Figure 30.4-2A, Zone 2, Roof)
GC, =0.30, —2.8 (Figure 30.4-2A, Zone 3, Roof)
GC,; =10 (Masonry Parapet)

Case A, GC, =1.0+1.8=2.8 (Zone 4), GC,=1.0+2.8=3.8 (Zone 5):
P=W,iapet =32.0[GC, +0]=89.6 psf (Zone 4)

P = Wiaper =32.0[GC, F0] =122 psf (Zone 5)

Case B, GC,=-1.0-1.1=-2.1 (Zone 4), GC,=-1.0-14=-2.4 (Zone 5):
P = Wiarper =32.0[GC, F0]=-67.2 psf (Zone 4)
p=W =32.0[GC, +0]=-76.8 pst (Zone 5)

parapet

1]

W 13 ft

wall

[FlE[SE S {SES[E]

l

arapet

arapet

GC, for walls may be reduced 10%.
Roof zone 3 does not exist for tall parapet.
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Redundancy Factors

e ASCE 7-10 (Section 12.3.4)
— Two orthogonal directions
—p =1.00r1.3
—P =1.0for SDC C or lower

—P  =1.0 always true for drift calculations, P-delta
effects, nonstructural components, nonbuilding
structures not similar to buildings, designs with Q,,
diaphragm loads (Eq. 12.10-1), Chapter 18, and design
of structural walls for out-of-plane forces/anchorage.
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Redundancy Factors

* ASCE 7-10 (Section 12.3.4.2)

— p =1.3for SDCD, E, or F unless one of the
following conditions is met:

1.

Each story resisting more than 35% of base shear
complies with Table 12.3-3

Regular structure in plan at all levels with at least two
bays of seismic resisting perimeter framing on each side
of the structure at each story resisting more than 35%
of the base shear. The number of bays for a shear wall
iS Lyai/Nstory- Us€ 20,1/ N, fOT light frame construction.
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Redundancy Factors

Problem 8: Determine the redundancy factor for the system shown. SDC
D and story shown resists at least 35% of base shear. Assume all frames
have same strength and stiffness.

p = 1.3 since loss of moment frame
results in at least 50% (>33%) reduction

in story strength. Although not checked,

extreme torsional irregularity may also ‘</ Moment Frame —-
result from loss of moment resistance

at any location.

|
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Redundancy Factors

Problem 9: Determine the redundancy factor for the system shown. SDC
D and story shown resists at least 35% of base shear.

Moment Frame

p = 1.0 since system meets requirement
of two bays of seismic resisting
perimeter framing on each side of the
building.

Moment Frame
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Overstrength

* ASCE 7-10 requirements

— ), —intent is to design for maximum force that may
be resisted by the element

— Collectors (Section 12.10.2.1)
— Discontinuous shear walls (Section 12.3.3.3)
— Batter piles (Section 1810.3.11.2, 2012 IBC)

— Weak story design using (), to avoid two story (30 ft)
height limit for vertical irregularity type 5b (extreme
weak story) (Section 12.3.3.2)

— See material specific presentations for other cases
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Ductility Requirements

Problem 10: Explain seismic force-resisting system B.3 from Table
12.2-1 of ASCE 7-10.

Seismic Force R Qo Cq Structural System Limitations and Building Height

Resisting System (ft) Limits for Different Seismic Design Categories
B C D E F

3. Steel ordinary 3V 2 3V NL NL 35 35 NP

concentrically

braced frames

I permitted up to 60 ft for single story structures with roof dead load less
than 20 psf and for penthouse structures.
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Structural Systems to Resist Lateral Forces

e ASCE 7-10 (Section 12.2.2 and 12.2.3)

— Different lateral force resisting systems are permitted
in orthogonal directions

— Where different lateral force resisting systems are
used in the same direction (other than dual systems),
the more stringent system limitations shall apply

— Where different lateral force resisting systems are
used in the same direction (other than dual systems),
the minimum R value (and associated values of C; and
Q,) shall apply
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Structural Systems to Resist Lateral Forces

 ASCE 7-10 (Section 12.2.2 and 12.2.3)

— For R pper>Riower US€ R, Cy, and Q, for each system

but forces for the lower section are determined as

the upper force times R, ./ Riower

— For R pper<Riower US€ R, Cy, and Q, for the upper

system for the design of everything
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Structural Systems to Resist Lateral Forces

Problem 11: Determine the appropriate seismic design coefficients and
factors for the five story building shown. A rigid diaphragm is assumed and
both Special Steel Moment Frames (SMF) and Special Reinforced Concrete
Shear Wall (SRCSW) building frame systems are used for lateral load
resistance in the same direction.

SMF
R=8,0,=3,Cy=5%

SRCSW
R=6,0,=2%,Cy=5

Answers (12.2.3.2, ASCE 7-10)
R=6,Q,=27%,C4=5
R=7,Q,=27,C4=5"%(Dual System) 7777777777 777 777 777
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Structural Systems to Resist Lateral Forces

Problem 12: Determine the appropriate seismic design coefficients and

factors for the bottom floor of the five story building shown. The top four
floors are Special Steel Concentrically Braced Frames (SCBF) and the

bottom floor is constructed as a Special Steel Moment Frame (SMF)

system.

Section 12.2.3.1 of ASCE 7-10 states that R values
for any story shall not exceed the lowest R value on

any floor above. C, and Q, shall not be less than the
highest values on any floor above.
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Strengthening Existing Systems: Seismic Retrofit

* Key references | '
— FEMA 547 I8 A==\

— ASCE 31-03 |
— ASCE 41-13 = { row
Techniques for the

— Other FEMA pu blications Seismic Rehabilitation
of Existing Buildings

¥ FEMA nehrp

FEMA 547
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Strengthening Existing Systems: Seismic Retrofit

FEMA 547

Fe

WNCSEA

National Council of Structural Engineers Associations

-~ (E) JOIST POCKET T (E) JOIST

f
\

ek

R e s

TIE-DOWN
% A
\_ BLOCKING
DRILLED DOWEL

ECCENTRIC TIE-DOWN PLAN DETAIL

Moment from
eccentricity
is M= Fe.

FEMA 547
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Strengthening Existing Systems: Seismic Retrofit

FEMA 547  pp BT o moms
[ of brace is limi T7T at floors dependent
7 beams or walls. 7 on existing conditions.
| ’ '
=
=y e
= w L~ STEEL OR WOOD
i} ‘7/\ NEW BRACES |~ sTRONGBACK
2 INTERMEDIATE ANCHOR
gl = CONTINUOUS STEEL | " TowaLL
g E MEMBER WITH BOLTS 1
= § TOWALL S SPACER AS REQUIRED.
:}_-.':, 3 Used to accommodate
S| & out-of-plane curvature of
the strongback and/or wall.
I ]
A rAa

Note: See wall-to-diaphragm details for connection to walls.

(2]

Figure 21.4.3-1: Exposed Out-of-Plane Wall Bracing

DIAGONAL BRACE

VERTICAL BRACE { B I

FEMA 547

INCSEA

National Council of Structural Engineers Associations
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Strengthening Existing Systems: Seismic Retrofit

Wood floor cut away

F E IVI A 5 47 _ from masonry wall and
R reconnected to new

concrefe. Shore as

DRILLED DOWEL—\ 1 reqguired.
A= ¢

. 1

/"-I | REINFORCED CONCRETE SHEAR WALL
. AGAINST EXISTING MASONRY WALL.
EXISTING OPENINGS REPEATED IN
NEW WALL.

———— REMOVE LOOSE DUST, PLASTER AND
OTHER MATERIALS FROM FACE OF
MASONRY.

REMOVE FLOORS AS REQUIRED TO
PERFORM WORK. REPLACE IN KIND.

NI

EXISTING
URM WALL e

i

NEW FOUNDATION DOWELED TO OLD

CHIP EXISTING FOOTING AS REQUIRED.

FEMA 547

Figure 21.4.5-1: Concrete or Shotcrete Wall Overlay
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Strengthening Existing Systems: Seismic Retrofit

T I T |
T T
il
I/‘JJI : I |
FI | | |
{1 1| — Step 1
—— Prepare wall
LA surface
| : 1
I I |
"II' | I : I |
& | | |
i::p; fabric T LLA:__I == Apply
 E—— Apply two part
over epoxy. : I : rl epoxy to prepared
App:y second . : . : ‘I wall surface
coat epoxy.
STEEL ANGLE
AND BOLTS
ELEVATION B
FEMA 547

Figure 21.4.6-1: Fiber Composite Wall Overlay on URM Wall
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Structural Design Standards Relevant
for Lateral Forces

* |n order of precedence
— International Building Code (2012 Edition)

— Minimum Design Loads for Buildings and Other
Structures (ASCE 7-10)

or

— AASHTO LRFD Bridge Design Specifications (7t"
Edition, 2014)
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Recommended References and
Additional Study Materials

Structural: Sample Questions + Solutions (NCEES,
2014)

Seismic and Wind Forces: Structural Design
Examples (Williams, ICC, 2013)

2012 IBC Structural/Seismic Design Manual: Code
Application Examples (Volume 1, ICC, 2013)

Guide to the Design of Out-of-Plane Wall
Anchorage (Mays, ICC, 2010)
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