@ Following is the provision for concrete strength for foundations.

3.6 Materials

general

BNBC Part6 Chapter3

Part 5 of this Code.

3.6.1 Concrete

(salinity, acidic environment).

Table 6.3.5: Properties of Concrete for Different Types of Foundations

All materials for the construction of foundations shall conform to the requirements of

All concrete materials and steel reinforcement used in foundations shall conform to
the requirements specified in Chapter 5 unless otherwise specified in this Section.
For different types of foundation the recommended concrete properties are shown in
Table 6.3.5. However, special considerations should be given for hostile cnvironment

Foundation Type Minimum cement  Specified Min. Slump Remarks
content (kg/m% 28 days Cylinder (mm)
Strength (MPa)

Footing/raft 350 20 2510 125 Retarder and

plasticizer
Drilled shaft/Cast-
in-situ pile 400 18 125 t0 200 recommended.
(tremie concrete)

Slump test shall be
Driven pile 350 25 25t0 125  performed as per

ASTM C143.

@ Following is the limits of reinforcement of compression members

general

BNBC Part6 Chapter6

6.3.9.1 For noncomposite compression members, the
reinforcement, Ag,, shall be not less than 0.014; or more than 0.064,. To avoid
practical difficultics in placing and compacting of concrcte as well as to deliver
ductility to noncompositc compression members, arca of longitudinal rcinforcement,
Agt, s preferred not to exceed 0.04A4, unless absolutely cssential.

area of longitudinal

6.3.9.2 Minimum number of longitudinal bars in compression members shall be 4
for bars within rectangular or circular ties, 3 for bars within triangular ties, and 6 for
bars cncloscd by spirals conforming to Scc 6.3.9.3.




OMF || IMF

Earthquake-Resistant Design (ERD)

For SDC B: OMF Sec. 8.3.9

= Mainly related to column ties and hooks

For SDC C: IMF Sec. 8.3.10

= provisions are related to beams, columns and flat slabs

@ For OMF, BNBC2020 has the following provisions.

OMF

BNBC Part6 Chapter8

Induced by Earthquake Motion

8.3.9.1 Induced moments

8.3.9 Ordinary Moment Frame Members not Proportioned to Resist Forces

Frame members assumed not to contribute to lateral resistance shall be detailed
according to (a) or (b) below depending on the magnitude of moments induced
in those members when subjected to twice the lateral displacement under the
factored lateral forces.

(a) Members with factored gravity axial forces not exceeding 0.14,f; shall
satisfy Sections 8.3.4.2(a) and 8.3.8.1(a) and members with factored
gravity axial forces exceeding 0.14,f; shall satisfy Sections 8.3.5.4,
8.3.7.2(a) and 8.3.8.1(b) when the induced moment exceeds the design
moment strength of the frame member.

(b) The member shall satisfy Sec 8.3.4.2(a) when the induced moment does
not exceed the design moment strength of the frame members.

8.3.9.2 Tierequirements

All frame members with factored axial compressive forces exceeding 0.14,f/
shall satisfy the following special requirements unless they comply with Sec 8.3.5.4.

(a) Ties shall have hooks not less than 135° with extensions not less than 6
tie bar diameter or 60 mm. Cross ties as defined in Sec 8.3.2 are
allowed.

(b) The maximum tie spacing shall be s, over a length [, measured from the
joint face. The spacing s, shall be not more than (i) eight diameters of
the smallest longitudinal bar enclosed, (ii) 24 tie bar diameters, and (iii)
one-half the least cross-sectional dimension of the column. The length
1, shall not be less than (i) one-sixth of the clear height of the column,
(i) the maximum cross-sectional dimension of the column, and (iii) 450
mm.

(¢) The first tie shall be within a distance equal to 0.5s, from the face of the
joint.

(d) The tie spacing shall not exceed 2s, in any part of the column.
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OMF | IMF

@ Following is the general provision for concrete strength.

5.54 Minimum Concrete Strength general || BNBC Part6 Chapter5

Minimum concrete strength for structural use of reinforced concrete shall be 20
N/mm?2. However, for buildings up to 4 storey, the minimum concrete strength may
be relaxed to 17 N/mm?>.

@ Following is the general provision for values of fy and fyt

6.24  Design Strength for Reinforcement | general BNBC Part6 Chapter6

The values of f, and f,,, used in design calculations shall not exceed 550 MPa,
except for transverse reinforcement in Sections 6.3.9.3 and 8.3.

Reinforcement  bars
(fy) and (fyt) up to
550MPa can be used

general BNBC Part6 Chapter6

6.3.9.3 Volumetric spiral reinforcement ratio, pg, shall be not less than the value
given by
=045 (4 _ 1)L
ps = 0.45 (Ach 1) = (6.6.12)

Where the value of f;,; used in Eq. 6.6.12 shall not exceed 700 MPa. For

fye greater than 420 MPa, lap splices according to 8.1.9.3(e) shall not be
used.

in IMF and OMF.

fvt DEEAFIEL

Vo, BERERR )
(

Stipulation of spiral

reinforcement

general BNBC Part6 Chapter8

8.1.9.3 Spirals: Spiral reinforcement for columns shall conform to Sec 6.3.9.3
Chapter 6 and to the following:

(e) Splices in spiral reinforcement shall be lap splices of 48 spiral
diameter for deformed uncoated bar or wire and 72 spiral diameter
for other cases, but not less than 300 mm.

A-11



BNBC Part6 Chapter8

Sec 8.3.10.4 (b)

-

d/a

IMF

8 x smallest long bar diameter

s <
24 x stirrup bar diameter
W X 300mm
< 50mm Stirrups
/\\ |
g ( T[]
o !
N
2h
s < d/f2

Transverse reinforcement determined
at both ends as per 8.3.10.4(b)

Figure 6.8.18 Transverse reinforcement requirements for beams (IMF)

A - 12




BBy following the Sec 8.3.10.5 (c), reinforcement of column-beam  <ex) reinforcement of beam-column joint >

joint shall follow 6.4.9. (See next page) Since the requirement of shear reinforcement is very low

as per equation 6.6.55 at beam-column joint for
intermeiate moment frame, so we provide support
shear reinforcement to the joint

which is the same as the hoop in the 0 area._J

B Comments on reinforcement in OMF are added below IMF.
(All frame members with factored axial compressive forces

exceeding 0.1Agfc’ (unless they comply with Sec 8.3.5.4))

BNBC Part6 Chapter8 IMF
N—i . inf
Sec 8.3.10.5 (a)-(d) / Joint reinfarcement
/
[
I OMF shall follow SMF requirements
° l l “Sec 8.3.5.4”, otherwise 2S,?
A A
i 5 < 25
i 7 bel Same for OMF
arger of c,orc. / See note below
l.> Clear span /6 I
‘. Transverse reinforcement
450 mm /
I Same for OMF 8 x smallest longitudinal bar diameter
[
24 x tie bar diameter
1 -’b S5p =
e < s, /2 — 0.5x (smaller of c;or ¢)
o 1 300 mm
Same for OMF,
except the requirement of 300mm.
Same for OMF
N — Note: There is no restriction on the location of
longitudinal bar splices for intermediate moment

frames. The SElices may be located away from
the potential hinge regions as shown above

Ties shall be: \

IMF: As mentioned on Sec 8.1.2.1 (d), it should
be more than 135°bend, an extension of at least

Ca
6 bar diameters, and more than 75mm at the free
end of the bar.

OMF: As mentioned on Sec 8.3.9.2 (a), it should

C; be more than 135°bend, an extension of at least
An example of insufficient extension 6 bar diameters, or more than 60mm at the free
and bending angle of hoops/ties Section A-A end of the bar. /

Figure 6.8.19 Transverse reinforcement requirements for columns (IMF)
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@By following the Sec 8.3.10.5 (¢), joint reinforcement in IMF shall follow Sec 6.4.9.

8.3.10.5 Columns IMF BNBC Part6 Chapter8

(c¢) Joint reinforcement shall conform to Sec 6.4.9.

6.4.9 Transfer of Moments to Columns general BNBC Part6 Chapter6

6.4.9.1 When gravity load, wind, earthquake, or other lateral forces cause transfer of
moment at connections of framing elements to columns, the shear resulting from
moment transfer shall be considered in the design of lateral reinforcement in the
columns.

6.4.9.2 Except for connections not part of a primary seismic load-resisting system
that are restrained on four sides by beams or slabs of approximately equal depth,
connections shall have lateral reinforcement not less than that required by Eq. 6.6.55
within the column for a depth not less than that of the deepest connection of framing
clements to the columns. Sce also Scc. 8.1.13 Chapter 8.

general BNBC Part6 Chapter6

6.4.3.5.3  Where shear reinforcement is required by Sec 6.4.3.5.1 or for strength

and where Sec 6.4.4.1 allows torsion to be neglected, 4 shall be computed by

v,min

Ay min = 0.062 /f'c’;—:: (6.6.55)

But, shall not be less than (0.35b,,5)/fy¢.

8.1.13 Connections general BNBC Part6 Chapter8

8.1.13.1 Enclosure shall be provided for splices of continuing reinforcement
and for anchorage of terminating reinforcement at connections of principal
framing elements (such as beams and columns),

8.1.13.2 External concrete or internal closed ties, spirals, or stirrups shall be
used as enclosures at connections.
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<Reference > Development length and Extension of the t-shaped joint

Development length (Idh) = {8da. 150mm. 0.24fydb/y f’c} (BNBC 8.2.6)
Extension = 12d (BNBC 8.1.2.1(b))

G) BEAM END BAR BENDING DETAILS (IMF): | IMF

<5
%
7 S V'
s,  COLUMN
?? —BEAM REBAR
o
(]
1 )
4;5 <
[ ]
R
25mm __BEAM REBAR
\ ~—ly28db, 150mm ,0.24fydb /fe (BNBG 8.2.6)
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SMF

Earthquake-Resistant Design (ERD)

For SDC D: SMF Sec. 8.3.3-8.3.8
- No flat slab is allowed

- fc’ = 21 Mpa

- fu/fy = 1.25




@ Concrete strength applied in the SMF.

8.33.3

SMF BNBC Part6 Chapter8

Concrete in special moment frames and special structural walls

Compressive strength f. of the concrete shall be not less than 21 N/mm?.
Specified compressive strength of light-weight concrete, f; shall not exceed
35MPa unless demonstrated by experimental evidence. Modification factor A for
lightweight concrete in Sec 8.3 shall be in accordance with Sec 6.1.8 unless
noted otherwise.

As for ordinary \
concrete, there is

a restriction for a
lower limit for fc',

but no restriction

@ Yield strength applied in the SMF

for an upper limit.

J

@

(b)

®

(ii)

(iii)

©

(@

SMF BNBC Part6 Chapter8

8.3.34 Reinforcement in special moment frames and special structural walls

Requirements of Sec 8.3.3.4 shall apply to special moment frames,
special structural walls and all components of special structural walls
including coupling beams and wall piers.

Deformed reinforcement resisting earthquake-induced flexural and
axial force, or both, shall comply with ASTM A706 Grade 420.
Alternatively only BDS ISO 6935-2 Grades 300, 350, 400 and 420 or
ASTM A615 Grades 275 and 420 reinforcement shall be permitted if:

The actual yield strength based on mill tests does not exceed f,, by
more than 125 N/mm? (retests shall not exceed this value by more
than an additional 20 N/mm?2); and

The ratio of the actual tensile strength to the actual yield strength is
not less than 1.25.

Minimum elongation in 200 mm shall be at least 14 percent for bar
dia. 10 mm to 20 mm, at least 12 percent for bar dia. 22 mm through
36 mm, and at least 10 percent for bar dia. 40 mm to 60 mm.

The value of f,, used to compute the amount of confinement
reinforcement shall not exceed 700 N/mm?.

The value of £, or f,; used in design of shear reinforcement shall
conform to Sec 6.4.3.2.

< 'fReinforcement bars

(fy) up to 420MPa
can be used in SMF.

[ According to Ash\

calculation, value
of fyt has an
upper limit of 700

@ Values of fy and fyt used in designing of shear reinforcement

N/mm?.
J

general BNBC Part6 Chapter6

JL[Based on the \

6.4.3.2 The values of f, and f,; used in design of shear reinforcement shall not
exceed 420 MPa, except the value shall not exceed 550 MPa for welded deformed
wire reinforcement.

shear strength

calculation, value

A - 17

of fyt has an
upper limited of
420 N/mm?. )




@ Calculation formula for Ash (required cross-sectional area of shear reinforcement) in the SMF

SMF BNBC Part6 Chapter8

8.3.5.4 Transverse reinforcement

(a) Transverse reinforcement shall be provided as specified below and
shown in Figures 6.8.8 and 6.8.9 unless a larger amount is required
by Sec 8.3.8.

(i) The volumetric ratio of spiral or circular hoop reinforcement, p;
shall not be less than that indicated by the following equation:

0.12f!
o (6.8.6)

fyt

and shall not be less than that required by Eq. (6.6.12).

(ii) The total cross-sectional area of rectangular hoop
reinforcement shall not be less than that given by the following

equations:
_ shefe) (Ag _
A, = 0.3( ! )(Ach 1) (6.8.7)
Ag, = 0.09 (ﬂ) (6.8.8)
fyt

\

Ordinary concrete used in SMF is defined as fc’=21N/mm? (*1) but there is
no restriction for an upper limit. 6.8.7 and 6.8.8 are equations in which a larger fc’
results in a larger Ash, making it more difficult to place reinforcement. In other
words, these are the equations that restrict the excessive values of fc’.

This equation is to reduce the value of Ash for ensuring reasonable spacing by
using a rebar with an upper limit of 700N/mm? (*2) as fyt. In this case, value of fyt is
allowed up to 700N/mm?.

On the other hand, value of fyt is limited to 420 N/mm? (*3) for shear strength
calculation. For instance, even you use a rebar with fyt of 700 N/mm?, fyt of
420N/mm? is adopted for the calculation. If you use the value more than 420 N/mm?,
there will be more likely to have major shear cracks due to the lack of extra margin for
shear stress.

*1:8.3.3.3,%2:8.33.4(c), *3 : 6.4.3.2.
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€ Examples of rebar that can be used as main reinforcement in the SMF.

BDS ISO 6935-2-2016

SMF

Table 6 — Tensile properties

Ductility properties
Specified characteristic value ==
of upper yield strength Speﬂ:mfj :‘.harac- Specified characteristic
eristic :
ili- : : value of elongation 2
Du':t_'h Steel grade Ren value of
ty class MPac %
Rnl/Reli
i i i A Agt
Minimum Maximum Minimum Mini s
inimum | Minimum
B300A-R 300 — 16
B400A-R
B400AWR 1 -~
A B500A-R W - .
A 500A- e _
B500AWR 500
B600A-R 600 — 10
B450AWR 450 1,25 x Ray(min.) 1,05 - 2.5
300B-R 300 — 16
B400B-R
B400BWR " =4
B HEDGRR 1,08 14 5
g - e _
BS00BWR sy
B600B-R 600 —_ 10
B300C-R 300 — 16
B400C-R
B400CWR 400 - _
C B500C-R 1,15 - 4
.- D
B500CWR e B
B600C-R 600 — 10
B450CWR 450 1,25 * Royy(min.) - 7D
B300D-R —_
300
B300DWR
17b
B350DWR 350
D . 1,25 8
B400DWR 400 1,3 % Heyy(min.)
B420DWR 420 16b
B500DWR 500 13b
4 By agreement between the manufacturer and purchaser, the type of elongation shall be selected between A and Agy. If
the type of elongation is not specified by agreement, Ag: should be used,
b In the case of the bars with diameter 32 mm or more in ductility class D, the minimum specified characteristic value
for A may be decreased by 2 % for each 3 mm increase in diameter. However, the maximum diminution from the minimum
specified characteristic value stated in Table 6 is limited to 4 %.
¢ 1MPa=1N/mm?2 N

be excessively increased and it would lead to shear failure.

\Therefore, it should be noted that "More is not better."

Ghe steel grade (main reinforcement), ASTM A706 Grade 420, others
highlighted in the red box above (Ductility class D and up to grade 420), ASTM
A615 Grade 275 and 420 can be used (when 8.3.3.4 (b) is satisfied).

The use of steel grade higher than above is prohibited. The reason is that if a
higher-grade steel is easily used as a main reinforcement, bending strength would

/
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BNBC Part6 Chapter8

€y
Sec 8.3.4.1
% _~ Column ¢, x ¢, (typical) T VT
///
A
L ﬁ 1
il L1
- ad
50 mm
“—/\ﬁ _A\/__
1 >4d

Yy

Section A-A

> larger of 0.3h or 250 mm

<c,+15c,
<3c,

SMF

Figure 6.8.1. General requirement for flexural members of special moment frames

(Sec8.3.4.1)
BNBC Part6 Chapter8 : ;
Middle-third
| . |SMF
Sec 8.3.4.2 spacing of sfirrups
Lapsplice 4 or 100 mm, g
e I whichever is less
/

Min.2h |Lapsplice L J

e fmg&;;;im ex) d=h-60mm

Notes: (i) For beam bottom bars lap shall not be provided within a distance of twice
the member depth from the face of the support; (ii) Preferred lap location of top bar
is within middle third of the span but may be provided beyond 2h from the face of
the support; (iii) Not more than 50% of the bars shall be spliced at one location; (iv)
Lap splices are to be confined by stirrups with maximum spacing d/4 or 100 mm
whichever is smaller.

Figure 6.8.3 Lap splice requirements for flexural members of special moment frames

(Sec 8.3.4.2)
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BNBC Part6 Chapter8 [ dsa

8 x smallest longitudinal bar diameter SM I '
s < <

Sec 8.3.4.3 | 24 x hoop bar diameter
S . W \ 300mm
< 50MmmM—sHeot Hoops Stirrups with
A 41 / / seismic hooks
I 1
| |
i i i T |”
!
A 4-.
S
2h
H s<d/2
Transverse reinforcement at both ends.
- L)
L L

—

Lateral support for longitudinal bars

Section A-A
Figure 6.8.4 Transverse Reinforcement Requirements for Flexural Members of Special
Moment Frames (Sec 8.3.4.3)

< 150 mm (clear spacing)

<y

BNBC Part6 Chapter8

e

Sec 8.3.5.1 %7 ]3 SMF

For c,<c ,

"

-

c, = 2.5c

c, =300 mm

Section A-A

hl%r_%

Figure 6.8.6 General requirements for special moment frames subjected to bending
and axial load (Sec 8.3.5.1)
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BNBC Part6 Chapter8

|

Sec 8.3.5.3

—

A

Tension lap splice within center

half of member length enclosed
with transverse reinforcement
as per 8.3.5.4

|

A _—1

SMF

0.01 < P = 0.06

Section A-A

0 g=Ast/Ag
Ast: Total area of nonprestressed
longitudinal reinforcement

Ag: Gross area of concrete section

Figure 6.8.7 Longitudinal reinforcement requirements (SMF) (Sec 8.3.5.3) ||

BNBC Part6 Chapter8 CixGy
&x fong bar diameter

Sec 8.3.7.2 {y= 4 150mm
—[| L

N NS

1

Ly

i
I

I

i

. {aoss/zc £/hy
~ osshliA, Az -1lirty)

SMF

Standard ook
T T T T
o + — =
L 0.23(smaller of ¢ orc ) nilmim Elevaion
= < 6xlng bar diameter nilmimli
o o e s
%0 Al
N ( 8x long bar dismeter
Lo 150mm
dh | Fdy
™ 54T

Figure 6.8.15 General requirements and transverse reinforcement requirements for joints not

confined by structural member

Blan
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BNBC Part6 Chapter8

SMF

Sec 8.3.5.4

"

—Maximum spacing (14 of smallest dimension of column
of ties in lap length |but not grater than 100mm

Class "A" lap splice only within )
center half of clear column height. ross tie
Only 50% of the bars spliced at ane place. [ Joint hoops may be spaced at up
to150mm for the depth of the
shallowest beam when beams with
width =% times the width ofthe
column frame into the four sides
of a column. For all other conditions,

Joint hoopsH | use hoops spaced at So on center.
Larger of C1or C2 5% : : kg
o> | L dear height : one-quarter of the minimum dimension of column
"3:150 4 12 S5 Sy= | 6usmallest longitudinal bar diameter
s £ 100mm = Sy=100+(350-h.)/3=150mm
3| st where h, shall not exceed 350mm
2 [S=2S,
4 [=]
\'35 &, = When welded splices or
[ @ mechanical connections
S are used, not more than
D =4d, o aternate bars may be spliced
d 2 A atany section with vertical
i b ) s, distance between splices 600mm ar more.
Column hoop hooks at each end.

#db QH] Iﬁ%

;{{ (Atternate 90° and 135° ends on consecutive crossties)
6d, > 75 mm 6d}, extension Ay > 0.3shc ((Ag/Acy)- 11 (' /1,,,)
Provide additional 0.09sh.f.' /f,.

transverse reinforcement
if thickness > 100 mm -

X Design as
Agpr =
) ) . 2 F¢’ =21 N/mm?
Consecutive crossties engaging the X 2
same longitudinal bar have their 90° L Fyt§700 N/mm2
hooks on opposite sides of column X f X j_ X‘ -
! c ' x < 350 mm on center
1
h,= maximum value of x on all column faces
100 mm £Sy= 100 + 33¢-Px < 150 mm
Section A-A

Note: In beam column joints where members frame into all four sides of the joint and each
member width is at least three-fourths the column width, the spacing of transverse
reinforcement shall be 150 mm within the overall depth of the shallowest frame member.
For all other conditions spacing shall be So. Use hoops and cross ties in beam column joint.

Figure 6.8.8 Transverse reinforcement requirements- rectangular hoop for members
subjected to bending and axial load rectangular hoop (SMF) (Sec 8.3.5.4)
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< Others>

B Answers for Questionnaire (conducted in Oct-Nov 2022)

@®Llegal documents
+ What are the design documents required when constructing a new building?
Select all that apply from the following.

AArchitectural drawings WMStructural drawings

AMechanical drawings AElectrical drawings APlumbing drawings
UASpecifications UAStructural calculation sheets
ASoil report ADesign report

@®Structural design

« Have you ever seen the structural drawings (not architectural drawings) ?
—If yes, please answer to the following.
Select all that apply to the structural drawing from the following
OFloor plan [elevation [cross—section of building #Lay—out plan

UAschedule of column etc. Mdetailed bar arrangement WMspecifications

« The total of the dead load does not change even if the dimensions of the frame
and the type of finish are changed. (correct / ¥incorrect)

« The live load should be set to the same value regardless of the use of the
room. (correct / Hincorrect)

« The photo on the right shows the situation of
an X—shaped crack caused by the earthquake.
Select the main causes of the cracks below.
ABy horizontal force.

By vertical force.

ABecause the length of “h” 1is small.

[Because the shear capacity of the wall is larger than flexural capacity.

* Which is the correct crack diagram that enters the wall?
A (1) / O@) / O@B)Not knowing) (force from left to right)

— e

(1) (2)
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* Which is the correct BMD for the frame (no wall inside)?
A 1) / O@ / O@G)Not knowing) (force from left to right)

N N

(1) (2)

®Reinforcement
+ At the ends of columns, the spacing between the tie of SMF is set to 200 mm.

(Ocorrect / Hincorrect).

« The correct reinforcement arrangement at the joint between the column and the
beam (panel zone: the part surrounded by the dotted line) is ((J(1) / 4(2)).

column column
J l Upper rebar l Upper rebar
F— -.‘ ol — 1 -
i i beam i i beam
= ] T = ] \
\ Lower rebar N Lower rebar
longitudinal rebar longitudinal rebar
(1) No tie in the panel zone (2) There are ties in the panel zone

+ The correct shape of the beam main bar (upper rebar / lower rebar) fixed to
the column is (M (1) / ().

‘ Upper rebar ‘ Upper rebar
i Il i beam E | i beam
| Lower rebar D B ‘[/ Lower rebar
column column
(1) (2)
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B Answers for Questionnaire (conducted on 28 May 2024)

The duration of the test is 60 minutes.

Answer the questions using Manual and Design Documents.

The passing score is 60 points.
(You have to answer at least 12 out of 20 questions to pass and get certificate.)

Name

(D Select all from the followings those should be included in the structural
drawing.
OFloor plan [JElevation MSpecifications Lay—out plan
ASchedule of column/beam/share wall/slab MDetailed bar arrangement

@ The photo on the right shows the situation of an X-shaped
crack caused by the earthquake. Select the main causes of
the cracks below (multiple answers possible).

ABy horizontal force.

LBy vertical force.
ABecause the length of “h” is small.
ABecause the shear capacity of the wall is smaller than flexural capacity.

®  Which is the correct diagram of crack that would appear in the wall?
[lateral force from right to left]
o /@4 @ /06)

(2) (2) (3)
@ Which is the correct BMD (bending moment diagram) for the moment frame (no
wall inside)? [lateral force from right to left]
a@ /&4 @ /00)

T

(2) (2) (3)
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® Select the correct reinforcement ratio of longitudinal rebar (p,) of the 5th

floor column C-1 by referencing structural drawings. (p,

(122.39% [13.06% [13.67%)

® In SMF buildings,

hook of hoop/tie (10¢).
(O30mm  [J45 mm [160 mm MA75 mm [J150 mm)

(@ In SMF buildings, select the required spacing of the hoop/tie at
the end part of the columns (0¢ range), the middle part, and

the beam—column joints (see the figure on the right).

Conditions: minimum dimension of column:300mm,
@ 1n the end part
(0 60 mm or less

A 75mm or less

®In the middle part

(0120 mm or less

A150 mm or less

@ 1n the beam—column joints

(0 60 mm or less

A 75mm or less

longitudinal rebar:20 ¢

(1100 mm or less [1120mm or less)

(1200 mm or less [J240mm or less)

(1100 mm or less [1120mm or less)

In SMF buildings, Select the minimum development length (84n) and

extension (¥-marked part length) required for the

longitudinal rebar of beam (see the figure on the right).

Conditions: f,=420 N/mf, + f c=4.9,
®development length (1150 mm [J160 mm
(0150 mm 1160 mm

®cxtension

(® 1In SMF buildings, select the required

the end part of the beams (2h range) and the middle part

(see the figure on the right).

Conditions: depth of beam:600 mm,

&®1n the end part
([J100 mm or less

A135mmor less

@ 1n the middle part

([J200 mm or less

A270 mm or less

longitudinal rebar:20¢,

spacing of the stirrup in

longitudinal rebar: 20 ¢
(0240 mm (1300 mm 4320 mm)
A240mm (1300 mm 1320 mm)

stirrup:10 ¢

(J150 mm or less [1180mmor less)

(1300 mm or less [1360mmor less)

A= 27

= Ay/A; X100 (%))

select the minimum extension required for a 135 degree

Q. _beam
111 I A T
2h
end middle

column



10 Select the appropriate SDC (seismic design category) from the following
when 0C=11, Z=0.2, and site class=SD.
(OB OC ¥D)

@ 1In the case of “@” above, select all of the following Structural Systems
that can be adopted.
ABuilding Frame Systems (Special RC shear walls)
(Building Frame Systems (Ordinary RC shear walls)
AMoment Resisting Frames (RC SMF)
[OMoment Resisting Frames (RC IMF)
[IMoment Resisting Frames (RC OMF)
ADual Systems: SMF (Special RC shear walls)
[(JDual Systems: SMF (Ordinary RC shear walls)
ADual Systems: IMF (Special RC shear walls)
[JDual Systems: IMF (Ordinary RC shear walls)

@2 Select the BNBC reference for each SDC.
SDC B ([J8.3.3 [18.3.4 [J8.3.5 [J8.3.6 [18.3.7 [J8.3.8 &8.3.9 [18.3.10)
SDC C ([J8.3.3 [18.3.4 [18.3.5 [18.3.6 [18.3.7 [18.3.8 [18.3.9 ¢A8.3.10)
SDC D (M8.3.3 ¥A8.3.4 A48.3.5 48.3.6 ¢A8.3.7 ¥8.3.8 [18.3.9 [18.3.10)

@ For each type of moment resisting frame, choose all the concrete strengths
that can be used for the columns of the 4th floor building, which is not in
the corrosive environment or other severe exposure conditions.

OMF (417 N/mi 18 N/mi 420 N/mii 421 N/mii)
IMF (217 N/mii 418 N/mi 420 N/mi 421 N/mii)
SMF (CJ17 N/mii  [J18 N/mi  [J20 N/mi 421 N/mii)

@ For each type of moment resisting frame, choose all the yield strength (f,)
that can be used for the longitudinal rebar of columns.
OMF (4420 N/mit #4550 N/mii  [1700 N/mi)
IMF (14420 N/mit 44550 N/mi (1700 N/mif)
SMF (4420 N/mii  [1550 N/mff 1700 N/mi)

@ For each type of moment resisting frame, choose all the yield strength (f,,)
that can be used for the transverse reinforcement of columns in the
calculation of Ash.

OMF (82420 N/mit #4550 N/mii (1700 N/mi)
IMF (14420 N/mit 4550 N/mi (1700 N/mif)
SMF (i4420 N/mii 4550 N/mit 4700 N/mif)
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Answer the appropriateness of the design policy @® to @.

In order to increase the bearing capacity of the column, the reinforcement
ratio of longitudinal rebar of column was designed to be 8%.

(OAppropriate ©AInappropriate)

@ The cover thickness of the column was designed as 150 mm.

(OAppropriate ™Inappropriate)

The general concrete curing period was designed as 5 days.

(COAppropriate MInappropriate)

The free fall height of concrete pouring was designed as 2.0 m.
(OAppropriate MInappropriate)

Choose the right wind speed for Dhaka.
(0J47.8 m/s [156.7 m/s §65.7 m/s)
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MReference 01 (BNBC reference)
Since BNBC2020 is based on ASCE 7-05 (partially ASCE 7-02) and ACI 318-08, it is

preferable to check and follow the latest version of ASCE and ACI.
As 0f 2024 May, ASCE 7-22 and ACI 318-19 (22) are the latest versions.
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BWReference 02 (BNBC training video by URP)

BNBC Training Outline (General and Structural Instruction)

https://www.skghoshassociates.com/bnbc-structural-recordings/

Training and Capacity Building Initiative of Component S-09
(Implementation and Enforcement of BNBC-2020)

of the Urban Resilience Project (URP):RAJUK PART

24 March— 07 June 2021

No o s~ wDdhd-=

®

10.
1.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

Introduction to Building Codes and Overview of BNBC 2020
Review of Structural Design, Loads, Construction Practices and Safety
Bidhimala, BC Act, and Tl Act

Concrete Materials

Earthquakes and Their Effects on Structures

Experience in Past Earthquakes, Lessons Learned
Overview of Inspection Requirements Proposed by Component S-09 of URP:
RAJUK Part

Inspector Skills

Gravity Loads on Buildings and Structures

Wind Loads on Buildings and Structures

Seismic Design Loads on Buildings and Structures Part 1
Seismic Design Loads on Buildings and Structures Part 2
Soils and Foundations Part 1

Soils and Foundations Part 2

Anchoring to Concrete

Masonry Structures

Seismic Detailing of Moment Frames

Seismic Detailing of Shear Walls

Steel Structures 1

Steel Structures 2

Structure and Environment

Construction Safety, Construction Quality and Demolition
Responsibilities of Professionals
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M Reference 03 (Seismic design of reinforced concrete special moment frames)

August 2016 with references to ASCE 7-16 and ACI 318-14
NIST GCR 16-917-40

P NEHRP Seismic Design Technical Brief No. 1

Seismic Design of Reinforced
Concrete Special Moment Frames

A Guide for Practicing Engineers

SECOND EDITION

Jack P. Moehle
John D. Hooper

This publication is available free of charge from:
http://dx.doi.org/10.6028/NIST.GCR.16-917-40

NIST

National Institute of
Standards and Technology
U.S. Department of Commerce
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