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Topics

* Statics (Forces and Moments)

* Seismic Design Categories

 Seismic Static Force Procedures

e Seismic Dynamic Force Procedures

* Configuration of Structural Systems (Torsion)
 Relative Rigidity Force Distribution

* Horizontal and Vertical Irregularities

* Diaphragms, Chords, and Collectors
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Statics (Forces and Moments)

Problem 1: For the building plan view shown below, determine the location of the center
of mass CM at the given floor level. Assume the diaphragm weighs 100 psf except for
the cantilevered portion which weights 38.5 psf. Wall weights shown in the figure are in
kips and are considered tributary weights. Assume a rigid diaphragm. Total wall weights
shown act at center of dimensions.

o W, X _5(0)+20(80)+2(10)(40) + (0.1)(80)(50)(40) + 0.0385(40)(50)(100) _ o ¢

oYW, 5+20 +2(10) +0.1(80)(50) + 0.0385(40)(50)

_XW,¥, _ 5(25)+20(25)+10(0)+ 10(50)-+ (0.1)(80)(50)(25) + 0.0385(40)(50)(25) _ s

Yoo = SW, 5+ 20+ 2(10)+ 0.1(80)(50) -+ 0.0385(40)(50)

10 k CM
soft| (|5 k 20k | )
10k Yon|
| : | e —

80 ft. 40t Xem
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Statics (Forces and Moments)

Problem 2: For the building plan view shown below, determine the location
of the center of rigidity, CR, and the value of the torsional rigidity, J, for the
lateral force resisting system configuration shown. Wall rigidities
(stiffnesses) shown in the figure are in kips/ft. Assume a rigid diaphragm.

2R, _10(0)+40(80) o, J=YR, X, +Y Ry,

X =
‘YR, 10+40

J =10(-64) +40(16) +20(-25) + 20(25)°
YR.Y, _20(0)+20(50)

PO A ki SR N T R
Ve TSR 20+20 ° 1-76,200 k-1t
Rp=20 CR
50t | [|R,=10 Rg=40 I +
RC=20 Yer T
| I | —_—
80 ft. 40 ft. Xer
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Statics (Forces and Moments)

Problem 3: For the rigid diaphragm plan view shown below, determine
where the seismic force V = 200 k must be placed on the model for
determining the maximum shear in shear walls A and B.

According to Section 12.8.4.2 of ASCE 7-10, accidental
eccentricity is considered by offsetting the CM shown below

by 0.05(120) = 6 ft to the left and right. Hence, three locations are
considered as follows: x,,= 44 ft, x.,= 50 ft, and x,,= 56 ft

I 200 kt CR
A + +

Yor= ycm=25 ft cM I B

T

Xo = 64 ft.
Xem = EISO ft. .

80 ft. 40ft.
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Seismic Design Categories

Problem 4: A hospital is to be located in Charleston, SC. Assume Sg = 1.5g,
S,=0.4g, and Site Class D. Determine the design spectral accelerations for
the project.

Chapter 11 of ASCE 7-10 and Section 1613 of the 2012 IBC present

the appropriate procedure for determining design spectral accelerations.
F,=1.0 (Table 11.4-1)
Sus =F.S, =1.0(1.5g) =1.5¢ (Eq. 11.4-1)

2

Sps =2 S =3 (150) =1.0g (Eq. 114-3)

F,=1.6 (Table 11.4-2)
S, =F.S, =1.6(0.4g) =0.64g (Eq. 11.4-2)
2

S =351 = %(0.64g) =043g (Eq. 11.4-4)

N CS EA SE EXAM REVIEW COURSE — March 2017
[ e ofStrucural Engineers Associaton

ngineers Astoc

3/3/2017



Seismic Design Categories

Problem 5: A hospital is to be located in Charleston, SC. Assume Sg= 1.5¢g,
S, =0.4g, and Site Class D. Determine the seismic design category (SDC)
for the project.

Chapter 11 of ASCE 7-10 and Section 1613 of the 2012 IBC present the
appropriate procedure for determining SDC.

Sps=1.0g (Previous problem)

S,,=0.43g (Previous problem)

Risk Category IV (Table 1.5-1)

SDC (Table 11.6-1)

SDC (Table 11.6-2)

SDC=D (Table 11.6-1)

SDC=D (Table 11.6-2)

SDC=D

SDC=MAX

N CS EA SE EXAM REVIEW COURSE — March 2017
National Counei ofStructural Engineers Associatons

Seismic Design Categories

* Additional comments
—SDCE (OCI, I, or llland S, 2 0.75)
—SDCF (OCIVand S;2 0.75)

— Can use Sy only to determine SDC for short
period structures meeting certain requirements
presented in Section 11.6 of ASCE 7-10
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Seismic Force Procedures

* ASCE 7-10 references
— Table 12.6-1 Permitted Analytical Procedures
— Equivalent Lateral Force Analysis (Section 12.8)
— Modal Response Spectrum Analysis (Section 12.9)
— Seismic Response History Procedures (Chapter 16)

N CS EA SE EXAM REVIEW COURSE — March 2017
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Seismic Static Force Procedures

Problem 6: Determine the largest permitted fundamental period T of the
structure for the special steel concentrically braced frame office building
shown. A computer model has determined the natural period to be 0.3 s.
Sps = 1.0g, Sp, = 0.43g.

h, =30 ft (Highest level)

C,=0.02 (Table 12.8-2, all other systems) SCBF
x=0.75 (Table 12.8—-2, all other systems) R =8, QO =2, Cd =5
T, =C,h* =0.02(30°™) =0.256 s 15 ft
C,=14 (Table 12.8-1, Sy, >0.4g)
T=03 s<C,T, =1.4(0.256)=0.358 s (ok) 15 ft
777 r7 T 7 77
1203 | | : : |
20ft 20ft 20ft 20ft
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Seismic Static Force Procedures

Problem 7: Using the equ

ivalent lateral force method (Section 12.8 of ASCE

7-10), determine the seismic response coefficient Cg for the special steel
concentrically braced frame office building shown. Spg = 1.0g, Sy, = 0.43g,

S,=0.40g. The structure
T=0.3 s (Previous problem)
Risk Category=IV (Table 1.5-1)
I,=1.0 (Table 1.5-2)

T, =8 s (Figure 22-15)

SDI
Si T(R/1,)
R/Ic SDITL
T*(R/1,)
1.0 0167 < So, 0.43

61 T TRA) 0.3(6/1)

for T<T,

for T>T,

BINCSEA

is to be located in Charleston, SC.

SCBF

R=6,0,=2Cy=5

15 ft
15 ft

77 7 77
| | |

20ft 20ft 20ft 20ft

777

JLq

0239 (ok)
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Seismic Static Force Procedures

Problem 7:

0.0144S .|, >0.01=0.044

DS

05s, for S,>0.69
R/1,)

0.044 (ok)

0.55, for S,>0.6g (Does
R11,)

C,=0.167

ANCSEA

15 ft
15 ft

not apply)

777 7 77 7 77
| le J | |

20ft 20ft 20ft 20ft
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Seismic Static Force Procedures

Problem 8: Using the equivalent lateral force method (Section 12.8 of ASCE
7-10), determine the base shear V for the special steel concentrically braced

frame office building shown. Spg=1.0g, Sp, = 0.43g, S, = 0.40g. The

structure is to be located in Charleston, SC.

15 ft

C,=0.167 (Previous problem) SCBF

R=6,0,=2C4=5
W:300+5002800 k W2=300k
V=CW (Eq. 12.8-1) W, =500 k
V =(0.167)(800) =134 k

e —

20ft 20ft 20ft
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20 ft

15 ft

77

Seismic Static Force Procedures

Problem 9: Using the Equivalent Lateral Force Method (Section 12.8 of ASCE 7-10),
determine the vertical distribution of seismic forces for the Special Steel
Concentrically Braced Frame office building shown. Spg= 1.0g, Sy, = 0.43g, S, =

0.40g. The structure is to be located in Charleston, SC.

V =134 k (Previous problem) Fo— W, =300 k
‘ 2
C, =M (g 128-12) . R <1500 k 15 ft
ZW-h»k 1
2 Wiy 15 ft
= 77 Iaa 77 Iaa 77
F.=C,V (Eq. 128-11) , ; , , ;
k=1 (T=03 s<05 s) 20ft 20ft 20ft 20ft
Levelx | h () | he(f) | wo(k) | wyhr (kft) Cu | F.(K)
2 30 30 300 9,000 0.545 73
1 15 15 500 7,500 0.455 61
¥=16,500 1.00 134

ANCSEA
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Seismic Static Force Procedures

Problem 10: Using the equivalent lateral force method (Section 12.8 of
ASCE 7-10), determine the first story shear for the special steel
concentrically braced frame office building shown. Spg= 1.0g, Sp; = 0.43g,
S, =0.40g. The structure is to be located in Charleston, SC.

W, =300 k
sk 15 ft
61 k > =500 k
15 ft
V =134 k (Previous problem) e aa e . T el
n e ——r——
V,=>'F (Eq. 12.8-13) 20ft 20ft 20ft 20ft
Vig foor =73+61=134 k

N CS EA SE EXAM REVIEW COURSE — March 2017
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Seismic Dynamic Force Procedures

Problem 11: Using principles of dynamics, determine the natural period of
the structure shown. All columns are W10x45. All beams and columns are
oriented for strong axis bending in the plane of the figure. Also, assume that
the moment frame beam is infinitely stiff (i.e., |, = «) so that columns
respond as fixed-fixed columns.

W, 40,000 W40k

m=—1=—" =1,242 slugs

g 322 s l l l 115 ft
Lo =248 in’ 5 . ! ) )
K —E‘K _12EI I T T 1 1

free = ied T 20ft 20ft 20ft 20ft

12(29,000)(248 )

fxed = W: 14.8 k/in (per column)

K jem =2(14.8)=29.6 k/in =355,160 Ib/ft © =K 0 /M, =4/355,160/1,242 =16.9 rad/s
=20 g s
o, 169
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Seismic Dynamic Force Procedures

Problem 12: Determine the stiffness matrix for the structure shown. All
columns are W10x45. All beams and columns are oriented for strong axis
bending in the plane of the figure. Also, assume that the moment frame
beams are infinitely stiff (i.e., I, = «) so that columns respond as fixed-fixed

columns.
. . Kz Ky
Kiea =148 k/in (per column, previous problem)
K, =4(14.8)=59.2 k/in=710,400 1b/ft Kt Ky,
K,, =2(14.8)=29.6 k/in=355200 Ib/ft

W=20k
W = 40 k 15 ft
15 ft

K, =K,, =-355200 Ib/ft

K] K, K,] [ 710,400 -355200
T|K, K| |-355,200 355,200

AN A 77 77

T I T 1
20ft 20ft 20ft 20ft

N CS EA SE EXAM REVIEW COURSE — March 2017
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Seismic Dynamic Force Procedures

Problem 13: Determine the mass matrix for the structure shown. All columns
are W10x45. All beams and columns are oriented for strong axis bending in
the plane of the figure. Also, assume that the moment frame beams are
infinitely stiff (i.e., I, = «) so that columns respond as fixed-fixed columns.

_ W, _ 40,000

m, . 322 =1,242 slugs W =20 k
mZ:&:ZO’OOO =621 slugs W_ 40 k 15 ft
g 32.2
15 ft
[M]= m, 0 _ 1,242 0 A A A . .
0 m, 0 621 f f f f f

20ft 20ft 20ft 20ft
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Seismic Dynamic Force Procedures

Problem 14: Determine the eigenvalue equation for the system shown. All columns
are W10x45. All beams and columns are oriented for strong axis bending in the plane
of the figure. Also, assume that the moment frame beams are infinitely stiff (i.e., I, =
=) so that columns respond as fixed-fixed columns.

{0} =[MI{x} +[K]{x}

{0} = (K]- o’ [MD{4}

) 710,400  —355,200 1242 0 X,
= -
—355,200 355,200 0 621 )| x,

K= K, K,] [ 710400 -355,200
1K, K, | |-355,200 355,200

m, 0] [1242 0
-5 T )
m, 0 621

W=20k

W =40 k 15 ft
15 ft

yaN yaN 777 7T
| | | |

20ft 20ft 20ft 20ft

D>

N CS EA SE EXAM REVIEW COURSE — March 2017
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Seismic Dynamic Force Procedures

Problem 15: Determine the natural periods for the system shown. All columns are
W10x45. All beams and columns are oriented for strong axis bending in the plane of
the figure. Also, assume that the moment frame beams are infinitely stiff (i.e., I, = «)
so that columns respond as fixed-fixed columns.

o 710,400 -355200] ,[1242 0 ])(x,
= —?

—355200 355,200 0 621])x,
710,400—1,2420 -355,200

-355200  355200-6210?| W=20k
771,282m4—882,316,000202 +1226,167,000,000:0 W+ 40 K 15 ft
® =12.94 rad/s, T, :;"T: 12_’;4 =0486 s 15 ft
©,=3125 rad/s, T, :jTT:: 31225 =0201 s “ o oA

20ft 20ft 20ft 20ft
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Seismic Dynamic Force Procedures

Problem 16: Determine the first mode shape for the system shown. All
columns are W10x45. All beams and columns are oriented for strong axis
bending in the plane of the figure. Also, assume that the moment frame
beams are infinitely stiff (i.e., |, = <) so that columns respond as fixed-fixed

columns.
o, =12.94 rad/s
0= 710,400 —1,242(12.94)° —355,200 by 707
—355,200 355,200-621(12.94)* || $»,
0 502,440  —355200](9,, W20k
T1-355200 251,200 |4, % 40 k 15 ft
¢11 :0-707¢21 15 ft
AN yaN yaN rrr7 77

20ft 20ft 20ft 20ft
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Seismic Dynamic Force Procedures

Problem 17: Determine the second mode shape for the system shown. All
columns are W10x45. All beams and columns are oriented for strong axis
bending in the plane of the figure. Also, assume that the moment frame
beams are infinitely stiff (i.e., I, = <) so that columns respond as fixed-fixed
columns.

®, =31.25 rad/s

2 -0.707
o =[710,400—1,242(31425) —355,200 H%}
~355,200 355,200—621(31.25)* || 9., W = 20 k
o1 | 7502500 ~355.2001(0;,
o [—355,200 —251,200}{4)22} W £ 40 k 15 ft
¢12 = *0‘7074)22 15 ft

AN AN AN 7T 7T

20ft 20ft 20ft 20ft
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Seismic Dynamic Force Procedures

Problem 18: Determine the percent mass participation for the first two
modes of response. All columns are W10x45. All beams and columns are
oriented for strong axis bending in the plane of the figure. Also, assume
that the moment frame beams are infinitely stiff (i.e., I, = <) so that columns

respond as fixed-fixed columns.
o, =12.94 rad /s, ¢, =0.707¢,,

w,=31.25 rad /s, ¢, =-0.707¢p,,
W =20 k

W x40 k

15 ft
15 ft

FAN FAN FAN 77

20ft 20ft 20ft 20ft

v:|

Vq
N
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Seismic Dynamic Force Procedures

Problem 18:

p - 2 Wabu _ 20)(D+(E0)(0.707) 5o
TN Wl 20)(1) + (40)(0.707)7
W, =P, > w,, =1.207[(20)(1) + (40)(0.707)] = 58.27 k

b _ D Wb (20)(1) + (40)(=0.707) = —0.207

2T waoh (20)(1) +(40)(—0.707)?
W, = Pzz w,,0,, =—0.207[(20)(1) + (40)(-0.707)] =1.71 k

W, +W, =5827+1.71=60 k (=100% participat ion ) W =20k
o, =12.94 rad/s, ¢,, =0.707 ¢, W =40 k 15 ft
®, =31.25 rad/s, ¢,,=-0.707¢,, 15t

A A 7T r77i
. I I I |

20ft 20ft 20ft 20ft
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Configuration of Structural Systems

Problem 19: For the various plan view layouts of lateral force resisting
systems shown, discuss the pros and cons as related to their ability to resist
horizontal torsional moments. Assume rigid diaphragms.

] + |

— Lateral force resisting system

N CS EA SE EXAM REVIEW COURSE — March 2017
N I ofStructural Engineers Associatons

Relative Rigidity Force Distribution

Problem 20: For the building plan view shown below and a total seismic
force, V = 200 kips, applied at the center of mass CM, determine the shear
force in walls A and B. Wall rigidities (stiffnesses) shown in the figure are in
kips/ft. Neglect accidental eccentricity. Assume a rigid diaphragm.

Ro=20 200 kt CR

50 ft | R,=10 Rg=40 | Yo Yem=25 ft | 1 °F I
R=20 T cM

| I I Xor = 64 ft
80 ft 40 ft Xem = 50 ft

N CS EA SE EXAM REVIEW COURSE — March 2017
1 ofStrcural Engineers Associaton

3/3/2017
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Relative Rigidity Force Distribution

Problem 20:
e 200 kt CR
50t | |Ry=10 Rg=40 | Vo= Yen=25 ft, | il
R.=20 T cM
: : X, = 64 ft
80 ft 40 ft X = 50 ft
J=76,200 k—ft (Previous problem) V,, =Ve Ry Xei
e, =64-50=14 ft " Jm( o
. ZI;: V.. =200(14) 76200 =-23.5 or 23.5 k {
& 40(16)
10 V5 =200(14) =235 k T
Vp.a =200 =40 k 4 76,200
10‘:’040 V, =40+235=63.5 k |
Vo =200-220 =160 kL V,=160-23.5=136.5 k 4

N CS EA SE EXAM REVIEW COURSE — March 2017
e ofStructural Engineers Associatons

Horizontal and Vertical Irregularities

Problem 21: Define horizontal irregularity Type 1a and 1b and discuss the
implications of these irregularities on analysis and design provisions.

1a: maximum story drift (including accidental torsion) at one end of the
structure exceeds 1.2 (or 1.4 for 1b) times the average of the story drift
at both ends of the structure

 Analysis and design implications (see Table 12.3-1 of ASCE 7-10):
- Increase forces 25% (connections to diaphragms, collectors)
- 1b not permitted for SDC E or F
- 3D model required
- A, required to amplify M,, \/_,_%iﬂ

- Story drift measured at edge with max displacement \/_g&u
- Dynamic analysis may be required

N CS EA SE EXAM REVIEW COURSE — March 2017
e ofStrucural Engineers Associaton

ngineers Astoc

3/3/2017
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Horizontal and Vertical Irregularities

Problem 22: Define horizontal irregularity Type 2 and discuss the implications
of this irregularity on analysis and design provisions.

both plan projections of the reentrant corner exceed 15% of total plan dimension
of the structure in the given direction

Analysis and design implications (see Table 12.3-1 of ASCE 7-10):

- Increase forces 25% (connections to diaphragms, collectors)

- Dynamic analysis may be required (longer period structures) X

v ’71>0.15Y

e—
>0.15X

2:

SE EXAM REVIEW COURSE — March 2017

Horizontal and Vertical Irregularities

Problem 23: Define horizontal irregularity Type 3 and discuss the implications
of this irregularity on analysis and design provisions.

3: the diaphragm is discontinuous as defined by an opening exceeding 50% of the
gross diaphragm area or changes in diaphragm stiffness by more than 50% as

compared to adjacent diaphragms
Analysis and design implications (see Table 12.3-1 of ASCE 7-10):
- Increase forces 25% (connections to diaphragms, collectors)
- Dynamic analysis may be required (longer period structures)

Y | |]s

U NCS EA SE EXAM REVIEW COURSE — March 2017
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Horizontal and Vertical Irregularities

Problem 24: Define horizontal irregularity Type 4 and discuss the implications
of this irregularity on analysis and design provisions.

4: the lateral force resisting system’s vertical elements have out-of-plane offsets

* Analysis and design implications (see Table 12.3-1 of ASCE 7-10):
- Increase forces 25% (connections to diaphragms, collectors)
- Elements supporting discontinuous system designed with Q,

- 3D model required
- Dynamic analysis may be required (longer period ~

structures)

SE EXAM REVIEW COURSE — March 2017

Horizontal and Vertical Irregularities

Problem 25: Define horizontal irregularity Type 5 and discuss the implications
of this irregularity on analysis and design provisions.

5: the lateral force resisting system’s vertical elements are not parallel to the major
orthogonal axes
 Analysis and design implications (see Table 12.3-1 of ASCE 7-10):
- Orthogonal combination required
— 3D model required
- Dynamic analysis may be required (longer period structures)

N CS EA SE EXAM REVIEW COURSE — March 2017
e ofStrucural Engineers Associaton

ngineers Astoc
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Horizontal and Vertical Irregularities

Problem 26: Define vertical irregularity Type 1a and 1b and discuss the
implications of these irregularities on analysis and design provisions.

1a: story stiffness is less than 70% of the story above or 80% of the average of
three stories above

1b: story stiffness is less than 60% of the story above or 70% of the average of
three stories above

+ Analysis and design implications (see Table 12.3-2 of ASCE 7-10):
- 1b not permitted for SDC E or F ~
- Dynamic analysis may be required 3
— Does not apply to one story buildings T 83
- Does not apply to two story buildings (SDC B, C, D) T A 3,

N CS EA SE EXAM REVIEW COURSE — March 2017
e ofStructural Engineers Associatons

ngineers Association

Horizontal and Vertical Irregularities

Problem 27: Define vertical irregularity Type 2 and discuss the implications of
this irregularity on analysis and design provisions.

2: excluding lighter roofs, the effective mass of a story exceeds 150% of the
effective mass of an adjacent story
+ Analysis and design implications (see Table 12.3-2 of ASCE 7-10):
- Dynamic analysis may be required
- Does not apply to one story buildings
- Does not apply to two story buildings (SDC B, C, D)

N CS EA SE EXAM REVIEW COURSE — March 2017
e ofStrucural Engineers Associaton

ngineers Astoc
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Horizontal and Vertical Irregularities

Problem 28: Define vertical irregularity Type 3 and discuss the implications of
this irregularity on analysis and design provisions.

3: horizontal dimension of the lateral force resisting system in any story is more
than 130% of that in an adjacent story

+ Analysis and design implications (see Table 12.3-2 of ASCE 7-10):

- Dynamic analysis may be required

SE EXAM REVIEW COURSE — March 2017

Horizontal and Vertical Irregularities

Problem 29: Define vertical irregularity Type 4 and discuss the implications of
this irregularity on analysis and design provisions.
4: the in-plane offset of the lateral force resisting system exceeds the length of
the elements
» Analysis and design implications (see Table 12.3-2 of ASCE 7-10):
- Increase forces 25% (connections to diaphragms, collectors)
- Elements supporting discontinuous system designed with Q,
- Dynamic analysis may be required (longer period structures)

N CS EA SE EXAM REVIEW COURSE — March 2017
e ofStrucural Engineers Associaton

ngineers Astoc
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Horizontal and Vertical Irregularities

Problem 30: Define vertical irregularities Type 5a and 5b and discuss the
implications of these irregularities on analysis and design provisions.

5a: the lateral strength of any story is less than 80 percent (65 percent for 5b) of
the strength above
+ Analysis and design implications (see Table 12.3-2 of ASCE 7-10):
- 5a not permitted for SDC E or F, 5b not permitted for SDC D, E, or F
- 5b has a two story and 30-foot height limit unless designed with Q,
- Dynamic analysis may be required (longer period structures)

SE EXAM REVIEW COURSE — March 2017

Diaphragms, Chords, and Collectors

* ASCE 7-10 references
— Section 12.3.1 — Semirigid unless below conditions apply

— Section 12.3.1.1 — Flexible diaphragm: Untopped steel deck or
wood panel diaphragms with vertical elements consisting of steel or
composite steel and concrete braced frames, or concrete, masonry,
steel, or composite shear walls.

— Section 12.3.1.2 — Rigid diaphragm: Concrete slabs or concrete
slabs on metal decking with span-to-depth ratios of three or less in
structures with no horizontal irregularities.

— Section 12.3.1.3 — Calculated flexible diaphragm: Computed
maximum in-plane deflection of the diaphragm is more than two
times the average story drift of adjoining vertical elements of the
seismic-force-resisting system. Loads shall be from the equivalent
lateral force method of Section 12.8.

A N CS EA SE EXAM REVIEW COURSE — March 2017
Nationsl Counci ofStrucural Engineert Astociaton
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Diaphragms, Chords, and Collectors

e ASCE 7-10 references

— Section 12.10.1 — Design diaphragms for shear and bending
stresses resulting from design forces. For openings and reentrant
corners, design localized chord forces in combination with other
diaphragm forces.

— Section 12.10.1.1 — Design diaphragms for seismic forces from
structural model, but not less than:

>F
F,=-—w_ (Eq. 12.10-1)

ox
2w,

Fomn =0:2Slw , F, ., =048 lw_
— Out-of-plane offset — add forces to force determined above

CS EA SE EXAM REVIEW COURSE — March 2017

Diaphragms, Chords, and Collectors

e ASCE 7-10 references
— Section 12.10.2 — Collectors are required.

— Section 12.10.2.1 — In SDCs C, D, E, and F, design collectors, splices,
and their connections to resisting elements to account for maximum
expected (and realistic) forces => includes Qg but limited by F
without Q,

/ Continuous chords
e« |7 No collector required

Collector required

px,max

SE EXAM REVIEW COURSE — March 2017

3/3/2017
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Diaphragms, Chords, and Collectors

e ASCE 7-10 references

— Section 12.12.2 — Deflection of the diaphragm must not exceed the
allowable deflection of the elements attached to the diaphragm.

— Section 12.3.3.4 — Design forces must be increased by 25% for the
design of diaphragm connections to the vertical LLRS and to
collectors and the connection between collectors and vertical
elements if the structure has horizontal irregularities Type 1a, 1b, 2,
3 or 4 as listed in Table 12.3-1 or vertical irregularity Type 4 in Table
12.3-2. (SDCs D, E, and F only)

— Section 12.11.2.2.1 — Requires continuous ties or struts between

diaphragm chords in order to distribute anchorage forces into the
diaphragm. (SDCs C, D, E, and F only)

CS EA SE EXAM REVIEW COURSE — March 2017

Diaphragms, Chords, and Collectors

Problem 31: Determine the diaphragm design forces (seismic) for the
building shown. Lateral forces shown were determined using the equivalent
lateral force method. Spg=1.0g,1=1.0,and V = 134 k.

V=73+61=134 k (Given) W, =300 k
n 73k v
2F =500 k 15 ft
E, =" w_ (Eq 12.10-1) 61 k > 1
W 15 ft
= 777 7 77 7 77
Fomin = 0-28psIw f } f f |
Fomax = 0485w, 20ft 20ft 20ft 20ft
Level x h, (ft.) w, (k) | Fy (k) (Given) pr (k) pr,min (k) pr,max (k)
2 30 300 73 73 60 120
1 15 500 61 84 100 200
134
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Diaphragms, Chords, and Collectors

Problem 32: For the building plan view shown below and a total lateral force
V = 200 kips distributed across the building as shown, determine the shear
force in walls A and B. Wall rigidities (stiffnesses) shown in the figure are in

kips/ft. Assume a flexible diaphragm.

Rp=20
50 ft | |R,=10 Rg=40
Rc=20
i I , ttttt444ttttttts
80 ft 40 ft w = 1.67 k/ft

V, =1.67(40)=66.7 k
Moment frame?

V, =1.67(80)=133 k
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Diaphragms, Chords, and Collectors

Problem 33: For the building plan view shown below and a total force V =
200 kips distributed across the building as shown, determine the shear force
(k/ft) in the diaphragm at wall A. Wall rigidities (stiffnesses) shown in the
figure are in kips/ft. Assume a flexible diaphragm.

R,=20
50 ft | [|R,=10" Rg=10 5] |
R.=20
I | (ZXTIXITTIXITIXEY;
120 1t w = 1.67 K/it
_167(120) o
"~ T T (2)25
i NCSEA SE EXAM REVIEW COURSE — March 2017
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Diaphragms, Chords, and Collectors

Problem 34: For the building plan view shown below and a total force V =
200 kips distributed across the building as shown, determine the shear force
(k/ft) in the diaphragm at wall A. Wall rigidities (stiffnesses) shown in the
figure are in Kips/ft. Assume a flexible diaphragm.

Ry=20 7
501t | |R,=10 Re=10 25 ]
R.=20
| ool X X X X XXX ITTIIILL
120 ft ypical) .
w = 1.67 k/ft
v, = 1670120) 5 g
(2)50
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Diaphragms, Chords, and Collectors

Problem 35: For the building plan view shown below and a total force V =
200 kips distributed across the building as shown, determine the maximum
axial force (k) in the collector associated with wall A. Wall rigidities
(stiffnesses) shown in the figure are in kips/ft. Assume a flexible diaphragm.

Ry=20
50 ft | |R,=10 Rg=10 251 ]
R.=20
” ey TEEFTITERTREEEES
120 ft ypical) .
w = 1.67 k/ft
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Diaphragms, Chords, and Collectors

Problem 35:
Rp=20
501t | |R,=10 Ry=10 25 ]
Re=20 Collectors
I | ical t1t1t1t1t2t122¢1
120 ft (typical)
‘ w = 1.67 k/ft
V., diaphragm =2 k/ft (previous problem)
Vawar =4 k/ft (previous problem)
(2)(12.5)=25 k
2 kift 2. kit 2 k/ft 2 k/ft 2 k/ft
— e < L= — <«
4 k/ft 2 k/ft —-(2)(12.5) =-25k
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Diaphragms, Chords, and Collectors

Problem 36: For the building plan view shown below and a total force V =
200 kips distributed across the building as shown, determine the maximum
chord force (k) in the diaphragm at Z. Wall rigidities (stiffnesses) shown in
the figure are in kips/ft. Assume a flexible diaphragm.

Rp=20
50 ft R,=10 Rg=10
R-=20
M, 120 ft
Fpoa = -
ddiaphmgm
_ 1.67(120%)

=3,000 k—ft

diaphragm —

5] |

(ZEXIIIITIITIIIIIEY;
w = 1.67 k/ft

60 ft
3,000

‘chord — W

=60 k (tension)
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Diaphragms, Chords, and Collectors

Problem 37: For the building plan view shown below and a total force V =
200 kips applied at the center of mass, determine the shear force (k) in
walls A and B. Wall rigidities (stiffnesses) shown in the figure are in kips/ft.
Neglect accidental eccentricity. Assume a rigid diaphragm.

i =) | 200(10)
50 RA=10 Rg=40 V,=———— =333 k
Rg=20 R:=10 Y (10+40+10) T
k < | 200(40)
V,=———) 1333 k
8oft ¢ 80 ft P (10+40+10)
200 k
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Structural Design Standards Relevant
for Lateral Forces

* In 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 and 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 Diaphragms, Chords, and
Collectors (Prasad et al., ICC, 2009)

Structural Engineering: PE License Review Problems
and Solutions (Williams, ICC, 2008)
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