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Guidaline for Nonbearing Wall of CHB Construction202309 - word
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through structural calculation accorling to the above assumptions

Anticle 4. Quality of Materials

1. Net compressive strength of CHB units used for nonbearing walls shall not be less than 12MPa
71740psi (gross compressive strength 6MPa*s 870psi).

2. Yield strength of rebars hall not be leas than 280MPa % 33350psi.

3. The design compressive strength of cement mortar to grout hollows and joints shall not be less

than 15MPa* 2175psi

1) For example, PNS ASTM €90-2019 load-bearing CHB, JIS A 5406 Type B. etc. (see Fig. C2)
2) For example, PNS 49:2020 230R, 280R, 280W, JIS G 3112 SD295A, SD345, JIS G3117 SDR29S,
ele.s

3) Recommended cement-sand volume ratio is 1:4 or richer. «

Article 5. Construction and Installation of Nonbearing Walls

1. Nonbearing walls shall be composed of CHB units of no less than 1 50mm in thickness

2. The exterior nonbearing walls shall be less than 20m high from the ground level

3. Support distance of general nonbearing walls shall be leas than 3.5m. It may be increased to 4.2m
in the basement

4. Cantilever length of cantilever nonbearing walls shall be less than 1.6m.

5. Nonbearing walls shall be installed so that structural columns do not become short/brittle

ATR-5 1620 8@ (B BE(KE) RPICSEIF BEIGETT
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Dear Ison san, Ariel san and Janny san, g N

Thank you for your cooperation.

HoBEA members' visit to the Philippines are fixed from Oct 25 to Nov-23  (excluding travel days, only in
Metro Manila). Oct.30 Election of Barangay

We would like to discuss in detail at the next online meeking on Oct  16. We would like to have possible

information on the following in  advance for effective discussion on Cot PSERRSANIOS Artel

The objectives of the visit are,
- arrangement of the WSs scheduled in Jan 2024 with ASEP including
venues and cost sharing with ASEP and HoBEA
- arrangement of the demonstration of CHB laying work in Bulacan with Neco
- update the situation on approval by ASEP board meeting and:
application for DPWH:
- update the situation of enforcement of PNS (BPS/DTI)
visiting relevant organizations such as DPWH, NHA, Building
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5. 2 BER RCHB OBAMTHNE () K O

Guidelines on Engineered Reinforced Concrete Hollow Block (RCHB)
Construction in the Philippines

GUIDELINE

COMMENTARY

Article 1. Scope

1. These guidelines shall be used for buildings of
reinforced concrete hollow block (RCHB)
construction, where concrete hollow block
(CHB) walls are reinforced with vertical and
horizontal rebars to resist vertical load, seismic
forces, wind pressure, etc.

2. RCHB buildings shall not exceed three stories
nor 12m in height (excluding the basement).

Article 2. Terminology and Notation

CHB: Concrete hollow block

RC: Reinforced concrete

Shear wall: A wall that resists horizontal forces,
e.g. seismic forces and wind pressure. It also
resists vertical forces in CHB construction.

Bearing wall: A wall that resists vertical forces. It
also resists horizontal forces in CHB
construction.

Bearing wall line: A line on the plan where bearing
walls are placed.

Wall ratio: The sum of horizontal sectional areas
of bearing walls, including hollows but
excluding openings, in X- or Y-direction divided
by the floor area of the story concerned.

Bond beam: A beam that connects the top of
bearing walls on the bearing wall line.

d,: The nominal diameter of rebars. The smaller
diameter of rebars at lap joints of rebars with
different diameters.

PNS: Philippine National Standards

JIS: Japanese Industrial Standards

Note: See Commentary C.

In order to apply these guidelines, RCHB
construction should be performed by skilled
workers using good quality materials,
appropriate arrangement of rebars and firm
grout to all hollows where rebars are placed.

Note: Structural safety of basement should
be confirmed through structural calculation
against loads including soil and water
pressure. Basement walls should be of
adequate waterproofing and are
recommended to be of reinforced concrete

(RC) construction.
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Article 3. Quality of Materials

1. Net compressive strength of CHB units used
for walls shall not be less than 12 MPa (gross
compressive strength 6 MPa).

2. Yield strength of rebars shall not be less than
280 MPa.

3. The design strength of cement mortar as grout
to hollows and joints shall not be less than 15
MPa.

Article 4. Foundations

1. RC or equivalent continuous foundations shall
be placed to support bearing wall lines of the
ground floor.

2. The thickness of foundation wall shall not be
less than the thickness of the bearing walls.

3. Design of foundations shall be in accordance
with NSCP 2015 2" Printing Chapters 3 and 4.

Article 5. Construction of Bearing Walls

1. Bearing walls shall be composed of CHB units
not less than 150 mm in thickness and the
length of each bearing wall shall not be less
than 0.6m.

2. The bearing walls shall be reinforced with
horizontal and vertical rebars, so that they can
behave as shear walls. The rebars shall be at
least dp, = 10 mm spaced not more than 0.5 m
on centers.

3. The bottom of bearing walls shall be supported
with either foundations, floor slabs or bond
beams. The top of bearing walls shall be
supported with either floor slabs, roof slabs or

Note: For example, PNS ASTM C90-2019
load-bearing CHB, JIS A 5406 Type B, etc.
(see Fig.C2)

Note: For example, PNS 49:2020 280R,
280W, JIS G 3112 SD295A, SD345, JIS
G3117 SDR295, etc.

Note: Recommended cement-sand volume
ratio is 1:4 or richer.

Note: See Commentary F.

Note: See Fig.C1 and Fig.F1.

Note: Footing width and depth of
foundations should be decided based on
NSCP 2015 2" Printing Chapter 3 (see Table
F1).

Note: See Commentary W.

Note: See Figs. C1, C3 and C4. Rebars are
usually spaced every CHB unit length (0.4
m). It is recommended that the rebars at the
end of walls and around openings are dj =
12 mm.
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bond beams.

The height of bearing walls between the top
and bottom supports shall not exceed 3.1 m in
case of dp = 10 mm vertical rebars and shall
not exceed 3.7 m in case of dj = 12 mm
vertical rebars.

The vertical rebars shall be continuous from
top to bottom supports and shall not be spliced
at the middle part of walls.

The ends of vertical rebars shall be embedded
at least 30d,, into foundations, bond beams,
slabs or bearing walls, or can be spliced by not
less than 30d}, with anchors that are embedded
not less than 30d, into foundations, bond
beams, slabs or bearing walls.

The anchors can be replaced by post-installed
anchors or rebars of dj, = 12 mm embedded by
at least 10d,,.

The ends of horizontal rebars shall be hooked
to the vertical rebars or spliced to adjacent

horizontal rebars with lapping not less than
30d,,.

Hollows where horizontal and vertical rebars
are placed shall be grouted. Rebars shall be
covered by concrete or cement mortar not less
than 30 mm in thickness.

Article 6. Installation of Bearing Walls

1.

Bearing walls shall be installed on bearing wall

lines in the entire building in balance

horizontally and vertically.

Openings in bearing wall lines shall not exceed
4 min length. The sum of opening lengths shall
be less than 2/3 of the bearing wall line.

The bearing wall lines shall be placed not more
than 7.5m apart in X- and Y-directions.

The bearing wall lines of the upper story shall
be on the bearing wall lines of the lower story.

Note: See Table W1.

Note: Adhesive of acceptable quality should
be used for post-installed anchors or rebars.

Note: Hollows without rebars need not to be
grouted (see Figs.C3 and C4). The thickness
may include the thickness of face shell or
web of CHB units.

Note: This requirement is usually realized, if
requirements of Items 2 to 6 of this Article
are fulfilled.

Note: See Fig. W1.

Note: See Fig. W1.

Note: See Fig.W2.
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In case the upper and lower bearing wall lines
are placed more than the thickness of the
bearing wall, the safety of that part shall be
confirmed by structural calculation.

The wall ratio of each story for X- and Y-
directions shall not be less than the value
shown in Table 1. For the bearing wall that is
inclined O from X- or Y- direction, the
horizontal sectional area shall be multiplied by
cos* 0. The wall ratio of upper story shall
include only the effective parts of bearing
walls on the lower bearing walls.

Table 1: Minimum wall ratio requirement p,

Number Story number
of stories Ist 2nd 3rd
1 1.20% — —
2 2.76% 1.46% —
3 4.32% 3.20% 1.70%

In case the aspect ratio r of the bearing wall
exceeds the critical aspect ratio 1., the
horizontal sectional area to calculate the wall
ratio shall be multiplied by the reduction factor
B in Table 2.

Table 2: Reduction factor 8 of bearing walls

Bearing wall stories 1 2 3
Critical aspect ratio 1, 0.5 0.91 1.1
(Fixed top wall) (1.0
Reduction factor 8 1./

Article 7. Floor and Roof Slabs

The floors shall be constructed with RC or
equivalent slabs so that they can be used as
diaphragms to transmit horizontal forces to
bearing walls.

In case there is no diaphragm, a continuous
bond beam shall be installed.

Note: See Commentary W3 for required wall
ratios py.

Note: See Commentary W7 for inclined
walls.

Note: See Commentary W8 for effective
parts.

Note:  See
Commentary W5 for aspect ratio r, critical

Commentary W4  and

aspect ratio r and reduction factor f3.

Note: For example, RC slabs not less than
100 mm in thickness, steel deck slabs with
concrete not less than 50 mm thick, etc.
Structural should be
confirmed through structural calculations.

Note: Structural safety of bond beams
without diaphragms should be confirmed

safety of slabs

through structural calculation against in-

plane and out-of-plane loads. See

Commentary W9.
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COMMENTARY C: RCHB CONSTRUCTION

Roof slab

Bearmg wall
Vertical and
horizontal rebars
I d10@400
d12 at the end of walls
i
I
30d( :
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1@ Floorislab
= e G F
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di2or D13 " 1
Bond beam Bearmg wall
) Vertical and
! horizontal rebars
[ d10@400
L d12 at the end of walls
f
|
|
30d
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|
Floor slab
3 .
0d Foundation wall
=
| Footing

Fig.C1 Outline of Engineered RCHB Construction
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Fig.C2 Various types of CHB units (390 X 190 x 150 mm)

Grout (cement mortar)

O800080008000800080

Fig.C3 Grout, joint mortars and rebars
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Fig.C4 Grout at corners and intersections of bearing walls
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COMMENTARY F: FOUNDATION

F1. Continuous Foundation

b

G
T 220 | 1D

: d
k
B
Fig.F1 Continuous foundation
Table F1: Minimum requirements for foundation (mm)
Thickness of Width of | Thickness of | Depth below
foundation wall b | footing B footing t ground level d
150 300 150 300

F2. Soil stress and footing area ratio

Let us assume that a building is a rigid body on the ground as shown in Fig.F2(a) and
the stress o, distributes uniformly, where o, = W/(bd). The stress o}, in Fig.2(b) caused
by the horizontal force kW is o, = kW(h/2)/(b?d/6) = 3kWh/(b*d) where k is the
seismic factor. The stress distribution in Fig.F2(c) occurs when 6, = o}, resulting to o, =

o, + 6. Then, W/(bd) = 3kWh/(b*d) gives 1 = 3kh/b.

< b > d?l r—-ré: b = d < b > CLI
kW kW
h G l h Ge—» h G l—>
w w
I o, “EE—=mlly, o
(a) )] ()

Fig.F2 Stress caused by vertical and horizontal forces

In case the allowable capacity for seismic load condition can be 1.330, where o, is the
allowable soil capacity, and when the stress caused by vertical and horizontal forces o,
[Fig.F2(c)] becomes 1.330,, then the stress 6, has to be less than (2/3)0,. Therefore, the
stress caused by permanent vertical load should not exceed 33.3 kN/m?2 for 50 kN/m?

allowable soil capacity, and 66.7 kN/m2 for 100 kN/m?2 allowable soil capacity.
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10kN/m*

10kN/m*
13kN/m*
10kN/m*
13kN/m’ 13kN/m*
5kN/nt 5kN/nt 5kN/nt

Fig.F3 Assumed weight of the stories

If we assume the weight of the building as shown in Fig.F3, the total weight of one-story
building to be supported by foundation is 15 kN/m2. Since 15/33.3 = 0.45, the footing area
to floor area should not be less than 0.45 for 1-story building on soil with 50 kN/m?

bearing capacity. Similar calculation gives the footing area ratios as shown in Table F2.

Table F2: Footing area ratio*

Allowable bearing capacity of soil
50 kN/m?2 100 kN/m?
1-story 0.450 0.225
2-story 0.841 0.420
3-story 1.231 0.615

*(Sum of footing area / floor area of 1st story)
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F3. Aspect ratio to prevent uplift

F4.

F5.

The stress distribution in Fig.F2(c) gives 1 = 3kh/b. Therefore, the aspect ratio r = h/b
should be less than 1/(3k) to prevent uplift of the body. The aspect ratio to prevent uplift
is given in Table F3.

Even if the uplift occurs to a building, the building may not overturn, because of the size

effect (the larger the body, the less probability of overturning).

Table F3: Aspect ratio to prevent uplift

Seismic factor k | Aspect ratior = h/b
0.1 3.33
0.2 1.67
0.25 1.33
0.3 1.11

Calculation of footing width

The bearing wall line length of Fig.W6 is 56.45 m (7.05%3 + 4.4x2 + 8.3x2 + 3.75 + 6.15).
For 2-story building with soil bearing capacity of 100 kN/m2, the minimum footing width
B is 0.636 m (85.575x0.420/56.45). (see Fig.F1).

Design of foundations

Detailed foundation design should be done according to the NSCP and/or other technical

documents. This Commentary F may give some information on the design of foundations.
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COMMENTARY W: BEARING WALLS

W1. Height of bearing walls

The maximum height of bearing walls in Article 5, Item 4 is derived assuming the seismic factor is 0.7.

Table W1: Maximum bearing wall height”

Seismic factor k
Vertical rebar 0.7 1.0
d,=10mm @ 400 mm 3.12m 2.61 m
d,=12mm @ 400 mm 3.73m 3.12m

“Distance between the bottom and the top supports

W2. Bearing walls on bearing wall lines

Bearing walls are placed on the bearing wall lines as shown in Fig. W2-1.

b =4m b  =4m =7.5m
i il B d & 5 ) = )
] ¢
=7.5m
<4m =7.5m
—B =
b | =4m ‘ b | =4m | b
= 4m i
» —I b
b J =4m J b J
=7.5m
£ === : Bearing wall
0 : Opening
-------- — : Bearing wall line
Notes:
B 1) The total length of openings
b 1 i a bearing wall line shall be
e e less than 2/3 of the total length
b J = 4m i b l = 4m l b of that wall line.
< 75m 2) b= 0.6m

Fig.W2-1 Bearing walls, openings and bearing wall lines
Bearing walls of the upper story should be on the bearing walls and/or bearing wall lines of the story
underneath (Fig.W2-2). Structural calculation is required for the slab in case Fig.W2-2(c) and for the
beam in case Fig. W2-2(d).
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(b) (© (d)
Fig.W2-2 Bearing walls of the upper story and the story underneath

[Note: Structural calculation is required for (c) and (d)]

W3. Required wall ratios and base shear factor

Table 1 has been derived assuming that the shear stress is 0.25 N/mm? for gross horizontal area of CHB
bearing walls and the base shear factor is 0.2 in allowable stress design (Japanese practice), or the shear

stress is 0.30 N/mm? and the base shear factor is 0.244 in strength design (Philippine practice).

The values in Table 1 can be adjusted by multiplying by Z/0.4, and should be increased by Near-
Source Factor N, if N, > 1.0. The values can also be reduced using better CHB units, stronger grout
mortar, full grout construction, etc. and conducting structural experiments/calculation, but the values

should not be less than one-half of the values in the table.

(BSL of Japan)

According to Building Standard Law (BSL) of Japan, the design base shear factor of short period
structures is 0.2 for allowable stress design, that is applied to moderate earthquake motions, in most
areas in Japan including Tokyo. Previous experiments of RCHB walls, the shear strength at ultimate
capacity level is approximately three times the allowable stress level. Therefore, design base shear
factor of 0.2 at allowable stress level means that the base shear factor at ultimate shear level becomes
approximately 0.6. This indicates that design base shear factor is 0.6 for ultimate capacity level, i.e.
the structural characteristic factor is Dg = 0.6 in Japanese seismic code. Since the maximum
(conservative) value of Dy is 0.55 for the least ductile RC structures, Dy = 0.6 is acceptable when
comparing this value with the values for other types of structures. Furthermore, the required wall ratios
in Table 1 are 1.5 times of the calculated wall ratios taking into account local stress concentration.
Therefore, the base shear factor for the ultimate capacity level of RCHB construction is not less than

0.9 on average.
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(NSCP)
According to “Sec. 208.5.2 Static Force Procedure” of NSCP 2015 2™ Printing, the design base shear

V of short period structures is given as follows:

V = (2.5C,I/R)W NSCP Eq. (208 — 9)

where, C, = 0.44N, for Zone 4 (Z = 0.4) and for the soil profile type Sp or Sg. The near-source
factor N, = 1.0 if the distance to the fault is more than 15 km regardless of seismic source type. The
importance factor I for ordinary structures is I = 1.0. R is the reduction factor to consider
overstrength and ductility, and R = 4. 5 for masonry shear walls (NSCP 2015 2" Printing Table 208-
11C). W is the total weight of the structure. Therefore, the base shear factor Cp = V /W is obtained as

follows:

Cp = (2.5%0.44x1.0x1.0)/4.5 = 0.244

According to AIJ documents, the allowable shear stress per gross sectional area of Type B CHB unit is
0.25 N/mm? for allowable stress design. This may be increased to 0.30 N/mm? for strength design.
Then the base shear factor Cg = 0.244 using 0.30 N/mm? for strength design is almost equivalent to
Cg = 0.2 using 0.25 N/mm? for allowable stress design (0.244/0.3=0.81, 0.2/0.25=0.8). Therefore, the
design wall ratio p4 of Table 1 that is derived for the base shear factor Cg = 0.2 can be accepted in
the Philippines. However, in case Near-Source Factor N, > 1.0, p4 should be increased by multiplying

itby N, (i.e. when N, = 2.0, the required wall ratios should be 2. 0py).

The required wall ratios in Table 1 are derived assuming the weight of the building as in Fig. W3(a). In
case the 2" story is as Fig.W3(b), the weight of the building to calculate the base shear is (10a + 13a
+ 10(1-a)) per unit floor area of the 1% story, where a is the ratio of the 2" story floor area to the 1*
story floor area. Therefore, the required wall ratio of the 1% story can be reduced by multiplying it by
(10a + 13a + 10(1-a))/(10+13)=(13a +10)/23, i.e. if a = 0.5, the wall ratio of the 1% story can be
multiplied by (13x0.5+10)/23=0.72. Similar calculation can be applied to 3-story buildings. It is also
possible to calculate the weight of the building according to the drawings and use them to calculate the

required wall ratios.
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Fig. W3 Adjustment of required wall ratios

W4, Aspect ratio and reduction factor

A bearing wall is subjected to horizontal force P and vertical force W as shown in Fig.W4-1. The wall
should not be subjected to uplift at allowable capacity level, i.e. its shear stress is 0.25 N/mm?,
Neglecting tensile strength of the wall and its rebars, the critical aspect ratio r to prevent uplift of the
wall is 0.5 for the bending moment distribution (i) and 1.0 for the moment distribution (ii). The height
of the wall and critical ratio are shown in Fig.W4-2. Aspect ratios for 2 or 3 story bearing walls are
shown in Fig.W4-3. In case the aspect ratio r exceeds the critical ratio 7., the capacity of the wall is
reduced by multiplying it with the reduction factor B, where B is r./r (See Table 2 in Article 6).

P i

h

()

[ (i) (ii)
A b

a) Bearing wall b) Bending moment

Fig.W4-1 Bearing wall subjected to vertical and

horizontal forces, and its bending moment
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Fig.W4-3 Aspect ratio and critical aspect ratio for 2- and 3-story bearing walls

112



WS. Calculation of reduction factor

Calculation of reduction factors of Fig. W5 is conducted as follows:

1.

Calculate aspect ratio r = (h; + hg)/(2b) for individual walls (A, B, C, . . .) as per Fig.W4-2,

and determine reduction factor B according to the aspect ratio of each wall.

to the aspect ratio of the multi-story wall.

than 1.0.

h

h

Calculate aspect ratio r = h/b of multi-story walls, and determine reduction factor  according

Reduction factor 8 of Step 1 or Step 2 to reduce the most is used, i.e., the smaller § but not more

h

F G
]
DE E h
Al B c
T
L b ]

(c) Three-story wall

(b) Two-story wall

F G

D -

Al ‘ B | c
7:::::[::::::::f::::::::f:::::f:z::f:::f:f:f:::f::f:::::::::::

(d) 3-story wall and 2-story walls (D-F and E-G)

Fig.W5 Individual walls and multi-story walls
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W6. Calculation of wall ratios

The wall ratios for Fig.W6 is calculated as follows.

3.525m _, 3.525m 4.4m A
r Il.6m 1.6m [.6m 1.6m Ilom 1.6m 2.0m
e 3 S = L"_"_"""{ - E:::::::::" o
121111‘_ """"""""""""" (Lem) [ (Lém) [ ] (l.6m) ’
} 2.0m
1.2m| ||| (1.6m) 3.6m i
i
12m | 1.6m 12m 1/6m 12m 1.6m (1.6m)|| 2.0m [6.15m
Lm = il il ™ T fl
0.15m- = : 50.15m
8.3m| 1 2m (2.4m) (2.4m) =
¥ fi (2.4m)}j| |1.6m
—h 2.0m
2.0m| || (1.6m) |(2.4m)l B
2 %y 1.m |1.2m] 1.6m |
it ’
1.2m JI‘ (1.6m) - K
i , : , v === : Bearmg wall
2.0m L 3.2m ‘ 2.0m ‘ ——— : Opening
705m | e : Bearing wall line

Note: (2.4m) or (1.6m) indicates the height of
openings

Fig.Wé6 First story bearing wall plan of a 2-story building

Floor area is 7.05%8.3+4.4x6.15 = 58.515+27.06 = 85.575 m?
Story height h = 2.4 m; Critical aspect ratio, r, = 1.0

(X-direction): Effective wall length=Y b(B) =Y. b(r./r) =Y. b[(b/h) < 1]
=2.0(1.0)x2
+ 1.75(1.75/2.4) + 1.6(1.6/2.4)
1‘203’: {24416 +1.6(1.6/2.4)x3
+1.6(1.6/2.07) + 1.6(1.6/1.6)x2 + 2(2.0/2.0")
=4.0+2343+3.2+6.48
=16.023 m

Wall ratio = (Effective wall area)/Floor area

=(16.023%0.15) / 85.575
=0.0281
=2.81% > 2.76% [for 1* floor of a 2-story (See Table 1)]

This satisfies the required wall ratio for the 1% floor of 2 story building.
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(Y-direction): Effective wall length =Y, b(B) =Y. b(r./r) =YX b[(b/h) < 1]
= 1.275(1.275/2.0%) + 2.55(1.0) + 1.275(1.275/2.0%)
| +3.90(1.0)
Note: +2.95(1.0) + 3.90(1.0)
2.0 =124+ 1.6)
+2.15(1.0)x2
=4.176 +39+6.85+4.3
=19.226 m

Wall ratio = (Effective wall area)/Floor area
=(19.226x0.15) / 85.575
=0.0337
=3.37% > 2.76% [for 1* floor of a 2-story (See Table 1)]

This satisfies the required wall ratio for the 1% floor of 2 story building.

W7. Bearing walls inclined from X- or Y-direction

Fig.W7 Bearing walls inclined

Sectional area (Effective wall area) of bearing walls:
X-direction: Effective wall area = Ax + Aw cos? 0
Y-direction: Effective wall area = Ay + Aw cos? (1/2—0)

=Ay +Aw sin? 8
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WS8. Effective parts of bearing walls of upper story

A B C
be be be be
Floor|slab or bean| i
N Orthogonal - l
Bearing wall Bearing wall ’

Fig.W8 Effective parts (bc) of bearing walls for wall ratio calculation

Only an effective part be of an upper story bearing wall where there is a bearing wall underneath
should be included in the calculation of wall ratios, e.g. b. of Wall A in Fig.W8. Wall B in the same
figure can be included to the wall ratio, since both ends of the wall are supported by bearing walls
underneath. Wall C in the figure can also be treated as a bearing wall, but the width of an opening

should be excluded from the calculation of the wall ratio.

W9. Bond beam

In case there is no slab that acts as a diaphragm (Fig.C1), a bond beam is required. The bond beam
should sustain vertical and out-of-plane horizontal loads. The vertical load can be supported by the

wall on or under the bond beam.

E (1),

~Q 2+ <|§k> 7
L (DE2 2-12mmé ,/

E B /7

S i 7/

S QLE & 4-12mmo /

e f 7 (2)

°1

=

% L

<

L

m

o 1 2 3 4 5
Length between supports L (m)

Fig.W9 Breadth of bond beam B and length of supports L
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The out-of-plane load w for a bond beam may be assumed to be

w = kpht =1.0x20%3.0x0.15 = 9.0 kN/m —10kN/m

Maximum bending moment of the bond beam is

Mpax = wL2/8 = 1012/8 = 1.2512

Using 12 mm ¢ bar with yield strength of 280 MPa (allowable tensile stress of 140 MPa), the allowable
bending moment of bond beam M, = Tjd = A,f;jd is about:

Beam (1): 113x%0.140x0.9(B—0.05) = 14.24(B-0.05) kN-m

Beam (2): 2x113x0.140x0.9(B—0.05) = 28.48(B-0.05) kN-m

For Beam (1), 1.25L?=14.24(B—0.05), then B = 0.0878L?+0.05. This is shown in curve (1) of Fig. W9.

For Beam (2), 1.25L%= 28.48(B—0.05), then B = 0.0439L*+ 0.05. This is also shown in curve (2) of
Fig.Wo.
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5. 3 FEMEEEEDOBNEYE () LU
Guidelines on Nonbearing Wall of Concrete Hollow Block (CHB)
Construction in the Philippines

Article 1. Scope

1. These guidelines shall be used for nonbearing walls of concrete hollow block (CHB), where the
walls are reinforced with vertical and horizontal rebars.

2. Some parts of these guidelines may be ignored and alternative ways are acceptable, if structural
calculation and/or structural experiments show that the nonbearing wall is structurally sound.

Note: In order to apply these guidelines, CHB wall construction should be executed by skilled workers
with good quality materials, appropriate arrangement of rebars and firm grout to all hollows where

rebars are placed.

Article 2. Terminology

Nonbearing wall: wall that does not resist external forces

General nonbearing wall: nonbearing wall that is supported by two end supports (A, B & C of Fig.1)
Cantilever nonbearing wall: nonbearing wall that is supported only by one end (D, E & F of Fig.1)
Structural part: structural member or part of it to support the nonbearing wall

Support distance: distance between two ends to support the nonbearing wall (H of Fig.1)

Cantilever length: length from the support to the tip of the cantilever wall (L of Fig.1)

Main rebar: main reinforcing rebar from one end support to the other end, or from the support to the
tip of cantilever walls

Sub rebar: reinforcing rebar that is orthogonal to main rebars

HI| B

[

Fig.1 General nonbearing walls (A,B,C) and cantilever nonbearing walls (D,E,F)

(Bold lines indicate the ends to support nonbearing walls)
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Article 3. Fundamentals of Structural design and calculation
L.

2.

Nonbearing wall shall be designed to be safe against to its self-weight and out-of-plane forces, i.e.
seismic forces and wind pressure. It also shall be designed not to fall off from the structural parts.
In case some parts of these guidelines are alleviated, the structural safety shall be confirmed
according to the assumption as follows:

a. General nonbearing wall is supported at two ends.
b. Cantilever nonbearing wall is supported at one end.
c. Tensile strength of CHB unit shall be neglected in structural calculation.

d. Out-of-plane seismic factor shall not be less than 0.5 for general nonbearing walls and 1.0 for
cantilever nonbearing walls.

e. Wind pressure to exterior nonbearing walls shall be calculated according to the height from the
ground level, expected wind velocity at the site, etc.

Note: If the guidelines are satisfied, the nonbearing walls may not have any structural troubles for
ordinary buildings. Some parts can be modified, if the structural safety is confirmed through

structural calculation according to the above assumptions.

Article 4. Quality of Materials
1.

Net compressive strength of CHB units used for nonbearing walls shall not be less than 12 MPa

(gross compressive strength 6 MPa).

Note: For example, PNS ASTM C90-2019 load-bearing CHB, JIS A 5406 Type B, etc. (see Fig.C2)

Yield strength of rebars shall not be less than 280 MPa.

Note: For example, PNS 49:2020 280R, 280W, JIS G 3112 SD295A, SD345, JIS G3117 SDR295,
etc.

The design compressive strength of cement mortar to grout hollows and joints shall not be less than

15 MPa.

Note: Recommended cement-sand volume ratio is 1:4 or richer.

Article 5. Construction and Installation of Nonbearing Walls
1.

2.
3.

Nonbearing walls shall be composed of CHB units of not less than 150 mm in thickness.
The exterior nonbearing walls shall be less than 20 m high from the ground level.

Support distance of general nonbearing walls shall be not more than 3.5 m. It may be increased to
not more than 4.2 m in the basement.

Cantilever length of cantilever nonbearing walls shall be not more than 1.6 m.
Nonbearing walls shall be installed so that structural columns do not become short/brittle columns.

Nonbearing walls shall be reinforced with main and sub rebars. And all hollows where rebars are
placed shall be grouted.

Notes:

Nonbearing wall damage may hurt people on the street. In order to prevent such tragedy, the height
limitation of CHB exterior walls is included.

As to the thickness of CHB, 100mm thick CHB units may be used in case the height of the interior
nonbearing wall from the support is less than 1.2 m. If it is more than 1.2 m, structural calculation is

required to confirm the safety against seismic forces, etc.

134



Article 6. Connection and reinforcement of Nonbearing Walls
Nonbearing walls shall be connected to structural parts.

1.
Main rebars shall be embedded to structural parts no less than 30d,,.

Post-installed anchors can be used for general nonbearing walls.

2

3.

4. Main rebars shall be spaced not more than 500 mm using dj, = 10 mm rebars.
5. Sub rebars shall be spaced not more 800 mm using dj, = 10 mm rebars.

Notes:
Main rebars are usually placed every CHB unit length (0.4 m). It is recommended that the rebars at the

end of walls and around openings are dj = 12 mm.
Article 6 is based on the current practice in the Philippines. In case other conditions need to be

considered, Table 1 may give more information.

Table 1: Recommended maximum height of nonbearing walls based on out-of-plane Seismic factor

k and rebars provided
Seismic factor k 1.0 0.7 0.5
Main rebar spacing (mm) | @400 | @800 | @400 | @800 | @400 | @800
. dpy=10mm | 2.6lm | 1.84m | 3.11lm | 2.20m | 3.68m | 2.61m
Main rebar
dpy=12mm | 3.12m | 22Im | 3.73m | 2.64m | 442m | 3.12m
Sub rebar spacing should be less than or equal to 800 mm.
| | E
/ / N
II’ I/ X
’1 II“ N\
/ / - -
YN N Y
(b) (c)

(@)

Fig.2 Effects of infill nonbearing wall to the structural frame

Structural frame may be deformed as Fig.2(a) when it is subjected to horizontal seismic forces. Infill
partition wall is effective to restrict deformation of the frame [Fig.2(b)]. If the horizontal force becomes

large, diagonal cracks appear in the infill partion wall, and orthogonal shear cracks may appear by the

horizontal force of opposite direction [Fig.2(c)].
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Fig.3 Nonbearing walls and columns
In case partition walls are installed as Fig.3, the clear height of the left side column (a) becomes short and
shear cracks may appear when subjected to horizontal forces. In order to prevent this type of failure,
structural slits are recommended to separate the wall from the column as the middle column (b) in the figure.

Another solution is to place wing partition walls as the right side column (c).

Fig.4 Depth D, Height H, and clear height h, of columns
In Fig.4, the column may have shear failure, when it is subjected to horizontal seismic forces especially in

the case of h,/D < 2.0.

Z , 7 7 4 % Z
(@) (b) (©)

Fig.5 Effects of nonbearing walls to the main structure

In case partition walls are installed as Fig.5(a), the deformation concentrate to the first story, when it is

subjected to horizontal seismic forces, and the building may collapse. Therefore, it is recommended to
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install the partition wall to the first story [Fig.5(b)]. Another solution is to make the columns of the first

story stronger [Fig.5(c)].

Table 2 Effects of nonbearing walls to structural parts

Construction
Type

A: Nonbearing wall directly connected
to structural parts

B: Nonbearing wall separated from
structural parts

Advantage

Nonbearing walls may behave as shear
walls and increase lateral capacity of the
story. Therefore, nonbearing walls may
help preventing the failure of the story
during earthquakes.

Nonbearing walls may not be damaged
nor cause any negative effects to
structural parts during earthquakes.

Disadvantage

Nonbearing walls may make the clear
height of columns short, and cause brittle
failure of the columns in case of
earthquakes. Unbalanced installation of
nonbearing walls may cause damage
concentration to some parts of the
buliding.

Nonbearing walls do not increase lateral
capacity of the story.

Caution

Nonbearing walls should be installed so
that they do not cause negative effects to
structural parts. Since nonbearing walls
may make columns brittle because of
short  column  effect, improper
installation of bearing walls may cause
large torsional motion, and/or story drifts
may concentrate to a certain story during
earthquakes.

Structural separation between nonbearing
walls and structural parts should be large
enough for the story drift at the time of
earthquakes. = However rebars  of
nonbearing walls should be connected to
structural parts so that the walls may not
be overturned by the out-of-plane forces
caused by earthquakes or wind pressure.

supports.

Article 7. Installation of Rebars
1. Main rebars of general nonbearing walls shall not overlap at the middle part between the two end

2. Main rebars of general nonbearing walls shall be embedded to the structural part not less than 30d,,
or shall be overlapped not less than 30d,, to the anchors that are embedded to the structural part not
less than 30d,,.

3. Mainrebars of cantilever nonbearing walls shall have no lap joints and be embedded to the structural
part not less than 30d,. The other end shall be hooked to the orthogonal rebars around opening.

4. The anchors can be replaced by post-installed anchors of d;, = 12 mm that are embedded to the
structural part not less than 10d,,.

Note: Adhesive should be used for post-installed anchors or rebars.
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Fig.6 Uniform lateral load and distribution of bending moment
The partition wall is subjected to uniform lateral loads w caused by seismic force or wind pressure
[Fig.6(a)]. The bending moment distribution differs according to the support condition [Figs.6(b), 6(c), 6(d),
6(e)]. Since it is difficult to connect the wall end fixed to the structural frame, it may be reasonable to
assume that both ends are simply supported as Fig.6(d). Then the main bars at the support end need not to
carry tensile forces but only shear forces. In case only the bottom is fixed and the top is free, the maximum
moment at the bottom becomes extremely large [Fig.6(e)]. Therefore, the height of cantilever partition walls
should be less than 1.6 m, and the main bars should be embedded to structural part by more than 30d,,

where dj, is the diameter of the main rebars.

CFrilth )
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