FENEIR

A 3050 ilaad a1 9 5 gaall el agaal

A 3130 A i) aesd/ il g Jaalil) ianala
AL Ao

&y e

Gatocal) 4y jaall ¢ jaall 3150 aaail) e 1 Jlis

Lec.04

Lé’w\ f:_) .r..')

E-mail: reemsalman_seh@Hotmail.com 20/4/2020



Problem 1

Seismic design of a flexural shear wall of limited ductility

Perform the seismic design of a shear wall X,. The wall is four storeys high, with

t
0

ne total height of 14 m, and due to its height must be designed either as a “limited
uctility”” or a “moderate ductility” shear wall.

The section at the base of the wall is subjected to the total dead load of 1800 kN,

t

ne In-plane seismic shear force of 1450 kN, and the overturning moment of 14500

KNm.

Select the wall dimensions (length and thickness) and the reinforcement ,

seismic design requirements for limited ductility shear walls are satisfied. Due to
architectural constraints, the wall length should not exceed 10 m, and a rectangular
wall section should be used. Neglect the out-of-plane effects in this design.

Use hollow concrete blocks of 20 MPa unit strength and Type S mortar. Consider
the wall as solid grouted. Grade 400 steel reinforcement (yield strength f, = 400
MPa) Is used for this design. 2



Solution 1

1. Material properties:

Steel (both reinforcing bars and joint reinforcement):
¢ =085 f =400MPa
Maszonry:
g =06

20 MPa concrete blocks and Type S mortar:
f'. =10.0 MPa (assume solid grouted masonry)

2. Load analysis:

The section at the base of the wall needs to be designed for:

o 3m _

_3im _

_am
14 m

» P; = 1800 kN axial load
* V; = 1450 kN seismic shear force
* M; = 14500 KNm overturning moment

=
M, 14500um , =180 | 3
{ i :L}:H-Sﬂm
-7 5 jrﬂ m Tom
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Solution 1

h,, = 14000 mm height, I,,= 10000 mm length, Then:

14000 4 o
1_ 10000 mm) flexural shear wall

"'E

seismic design requirements for limited ductility
(flexural) shear walls should be followed.
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3. Determine the required wall thickness:

based on the height-to-thickness requirements:

limited ductility shear walls:

h(t+10) <18

h = 5000 mm (the largest unsupported wall height)
S0,
t>18/h —10 = 268 mm

t =290 mm




Solution 1

4. Determine the wall length:
based on the shear design requirements.

The length can be determined from the maximum shear resistance for the wall

section. The shear resistance for flexural walls cannot exceed the following limit:
V. <maxV, =04¢_./f1b.d, ¥, V.= V/,= 1450 kN
Y4 = 1.0 solid grouted wall.

b,~ 290 mm overall wall thickness.
d,,~ 0.8/effective wall depth.

IV, 1450*10° s
] = — = — = 8233 mm
t].4¢_p_ﬂ1-'f_'b_, (0.8)r, 04%06%y10*200*0.85%1.0

. -

|W = 84m a minimum wall length of nearly 10m was required,
thus for |,= 10000mm which gives max V= 1760 kN
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5. Minimum seismic reinforcement requirements

the seismic hazard index I F, S, (0.2) i1s 0.95.

I_.F5 (02)=095>0.35
Thus, 1t Is required to provide minimum seismic reinforcement

» Seismic reinforcement area:

shear walls, shall be reinforced horizontally and vertically with steel having a
minimum area of

Agmin = 0.002A, = 0.002*(290*10° mm=#/m) = 580 mm=/m

for 290 mm block walls, where: A, =(1000mm)*(290mm)=290*10° mm=/m

gross cross-sectional area for a unit wall length of 1m



Solution 1

Minimum area in each direction (one-third of the total area):

r f ~ ‘-'l-::uiu
Ay = A o =0.000674, ===

A=A i =080/3=193.3mm?4/m
Thus the minimum total vertical reinforcement area:

A,min= 193.3* |,,= (193.3mm?4/m)(10m)=1933mm?

In theory, 1/3" of the total amount of reinforcement can be placed in one
direction and the remainder in the other direction.




Solution 1

Vertical reinforcement (area and distribution):

spacing of vertical reinforcing bars shall not exceed the lesser of:
* 6(t+10)=6(290+10)=1800mm

* 1200mm

 L,/4=10000/4=2500mm.

Therefore, the maximum permitted spacing of vertical reinforcement

IS equal to s = 1200 mm.

10



Solution 1

Horizontal reinforcement (area and distribution):
the maximum spacing of bond beams is 2400 mm

11



Solution 1
An approximate method to estimate the wall reinforcement

T =¢.f4, f b
a=03 !'ll | (| | I (I (I a)
M. —P.( —a)2 As
LT Py a
e WS M = =
r
4, =T /¢f f;f\ T b)
T,=14500-1800 (10-0.3(10))/(10-0.3*10)/2=2342.857KN. (T:
| (‘rw'ﬂ}/z |m

A= 2342.857*10%/(0.85*400)=6890.75mm?

12
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An approximate method to estimate the wall reinforcement

15T25 reinforcing bars can be used "

A= 490.87* 15= 7363.05mm?*>6890.75

S < <1°°°1°4‘2°°>=700mm>600mm ok

I, _
RO
Ag

P

f . a

/i'\Mf c

Dl T
Iy C
I,("w'ﬂ)/z )‘m
| _

h)
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Since the amount of vertical reinforcement is significant, it is required to
check the maximum reinforcement area. Since

S= 670mm <4t=4*290=1160mm
A..,.=0.02Ag=0.02(290*10%)=5800mm?/m.

to the total reinforcement area of approximately 58000 mm? for a 10 m long

SmaX

wall> 7602.65mm? (the estimated area of vertical reinforcement).

14
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Moment capacity for rectangular wall sections with distributed vertical
reinforcement

¢ f .4

. f = i J'-iFI' %
ka _ -F 1 I'_-I .-.I l;ﬁ:'n.-il:-l.n I!lll-']-
o I-E!I:-il:.l".{l’l' LY I_ ‘ o = 'F_.I'
where b L
A, - the total area of distnbuted vertical reinforcement ¢ o+a
¢ - neutral axis depth I, lao+ap

—085 5,=08 ®=0144 @¢=01 c=2520.7mm

M. =056 f ALl

I Fl W

E. | f £t w 2520.7
f l_i]=ﬂ_j*ﬂ_gj*ﬂ x736g+ L0000 1+ }E{h:] 10 |1_ }
g fd. N L 1000 | 085%400* 7363 | 10000 .

M= 16093.4kNm> 1f, =14500 kNm  OK e



Solution 1

Moment capacity for the section with concentrated and distributed

reinforcement

19T22 reinforcing bars can be used
A,~= 380.132* 19= 7222.5mm?> 6890.75

3T22 in each column (400mm): A,=1140.4mm?
13T22 distributed: Ad=4941.7mm2

5 < 10000-200°2+200)_723=720mm>600 ok

19-6



Solution 1

Moment capacity for the section with concentrated and distributed

reinforcement

* The axial load P;= 1800 kN.

The compression zone depth, a, can be determine

as follows

P+ f A
_BrefA
0.85¢_f"_ 1

1]

[ ]

1]

1]

[ L]

=(1800*103+0.85*400*4941.7)/(0.85*0.6*10*290)=2353.06mm

8, =08 when f_<20MPa

The neutral axis depth, ¢ :

c=aj g

c=2353.06/0.8=2941.33mm

17
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Moment capacity for the section with concentrated and distributed
reinforcement

C_=(0.85¢_ f"_Nt-a) # |
C.=(0.85*0.6*10)(290*2353.06)*10-3=3480kN. !

Next, the factored moment capacity,

_u,_=r:m|:s“_—n;.;""' [.;4- Foall ja- a‘l

¥oo W

Mr=3480*10%*(10000-2353.06)/2+2[0.85*400*1140.4(10000/2-100)]*10-
=17105.5kN.m

18
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7. Ductility check

Design To satisfy the ductility requirements for limited ductility shear walls

neutral axis depth ratio (c/l,,) should be less than the following limit:
c¢/l,,<0.2 when h,/I,<6

In this case, the neutral axis depth

Cc =2941.33 mm

c/l,= 2941.33/10000=0.29>0.2 not satisfied.

19
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7. Ductility check

1) Find the required wall length such that the c/l,, limit ductility
criteria is satisfied.

The wall length can be estimated from Table D-2, which provides

c/l, ratios for different input parameters (o and ® ). By inspection,
It can be concluded that c/l,, < 0.2 when a <0.1.

the wall length based on this criterion.

. 1667 * P *

1667% P, | = £ 1667 *1800 _11496 mm
o = FNE ' Fa*r 10.0*0.09*200
E:fL 0.00 <01 Therefore, we can select an increased wall length

|,= 11600 mm.

20
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7. Ductility check

Table D-2. c/I_ ratio, f, =400 MPa
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Solution 1

8. The diagonal tension shear resistance and capacity design
Masonry shear resistance {Fm ):
b =290 mm overall wall thickness

d, =08/ =8000 mm effechve wall depth
¥, =1.0 solid grouted wall

M, 14500
fo_ —
P, =09P,= 1620 kN V.d ~Tasoegg = 0
J'II':!I- (-
v, =0.16(2—-—2)./f] =051 MPa wee s 1
Vyd, V.d
Fw

V, =¢,(v,b,d,+0.25P,)y, =0.6(0.51290°8000+0.25*1620*10%*1.0 = 953 kN

22
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8. The diagonal tension shear resistance and capacity design

ductile reinforced masonry shear walls should be designed according

to the capacity design approach that,
the shear capacity should exceed the shear corresponding to the nominal

moment resistance as follows:

A 171055

M = :;ﬁr T 20124.12kN.m M, =171055 kNm the factored moment registance
Shear force acts at the effective height h, ,
M,
h=——=100m

r

! 23
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8. The diagonal tension shear resistance and capacity design

The shear force F, that would cause the overtuming moment equal to M _ can be found as
follows

j,{ﬂ _20124.12
ko 100

maxl, =044, ./f b d y, =1760 kN
Thus the reguired steel shear resistance is
" =T -1_=1760 — 9353 = 807 kM
The required amount of reinforcement can be found from the following
equation

4 7 807 *10°

r 06¢ fd  0.6%0.85%400%8000

F,= = 2012.4kN

= 0.49

24
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8. The diagonal tension shear resistance and capacity design
Try 2-15M bond beam reinforcing bars at 800 mm spacing ( 4. =400 mm® and 5 =800 mm):

A 400
= =035 = OK
| — =200 0.49
Steel shear resistance V5s:
=064 f 3 =06+085% 200 5 409+ 2000 _ o0y
5 1000 800

Total diagonal shear resistance:

T ST = 0514816 <1760 KN In c_onclusu?n, both the shear
cen design requirements and the
" —1769kN > T, =1450kN  OK capacity deS|gn _requwements
' / have been satisfied. 25
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9. Sliding shear resistance

The fa{:t{:u_rﬂd in-plane =liding éhear resistance I’; Iz determined as follows:
i = 1.0 for a masonry-to-masonry or masonry-to-roughened concrete sliding plane

A = 6000 mm- total area of vertical wall reinforcement
T =¢ A f =0.8572225*400 = 2455.65kN.

F, =09F = 1620 kN

F,=F +1 =1620+ 2455.65=4075.65kN

V. =¢_uF, = 0.6*1.0*4075.65=2445.39kN

F,= 244539 = ' =1430 kN OK

Also,
. =244539 = F_, = 2012.4kN ({capacity design check)

26
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10. seismic detailing requirements for limited ductility walls — plastic hinge region

The required height of the plastic hinge region for limited ductility shear walls
(for which special detailing is required) must be greater than:

I =1_/2=100/2=50 m
or

l,=h,/6=140/6=23m

(note that h, denotes the total wall height)

Thus,

IF =50 m govemnms

217
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10. seismic detailing requirements for limited ductility walls — plastic hinge region

Reinforcement detailing requirements for the plastic hinge region of limited
ductility shear walls are:
1. The wall in the plastic hinge region must be solid grouted.
2. Horizontal reinforcement requirements
a) Reinforcement spacing should not exceed the following limits
5 <1200 mm or
s=[1_f2=10000/2= 3000 m
Since the lesser value governs, the maximum permitted spacing Is
s <1200 mm
According to the design, the horizontal reinforcement consists of 2T15M bars at

800 mm spacing - OK -
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10. seismic detailing requirements for limited ductility walls — plastic hinge region

b) Detailing requirements:

Horizontal reinforcement shall not be lapped within

600 mm or

¢ = 2941.33 mm (the neutral axis depth)

whichever Is greater, from the end of the wall. In this case, the reinforcement
should not be

lapped within the distance ¢ = 2941.33 mm from the end of the wall. The
horizontal reinforcement can be lapped at the wall half-length.

3. Vertical reinforcement requirements

There are no special detailing requirements for vertical reinforcement in limited

ductility shear walls. 2
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lapped at the

bond beam
half length

i 20-20M

H— 2-15M @ 800
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