HuE PR IR REM 24!

S TN Roof

You can help keep
your families safe
from earthquakes!
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CAUTION! Do not use precast
concrete planks for your roof!
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Precast concrete planks are not safe to use in
earthquake-prone areas

Using precast concrete planks for your roof is dangerous because they are too
heavy and the connection between each plank is not strong. During a strong
earthquake, it is likely that roofs made from precast concrete planks will collapse
causing serious injury or death to anyone inside the home. A much safer roof
option is to use a timber roof or a cast-in-place reinforced concrete roof.

EHE ERIRMERRLT
Option 1: Use cast-in-place
reinforced concrete
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Advantages: Challenges:

» Requires more care to construct.
If not reinforced properly it can
collapse in an earthquake.

* Be sure to waterproof roof slab.
Cast in place roof is more likely
to leak.

* Resists earthquake well
* Roof surface can be used

* Properly make roof will
last a long time

EE2: ERHRAIARBRE

Option 2: Use timber truss with clay tiles
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Advantages: Challenges:

* Light » Wood may rot

* Cheap easily, it must be

treated with
preservative.

* Sheds water quickly

* Warm in winter,
cool in summer

« Simple construction
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Wood Gable Wall: A gable wall is the triangle
formed by a sloping roof. Gable walls can be
made of wood or brick. The best practice is
to use a wood gable wall because they are
lighter and safer.

FEEARRILE. Rl E
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SRR EEIR. BEARRLESR
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Masonry gable walls can be used but are not
recommended because their height and lack
of bracing can cause them to crack easily
and collapse during an earthquake.
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If a masonry gable wall is used, then the sloping
part of the masonry must be confined by a
reinforced concrete beam.
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éfu f' ’jr. Earthquake Resistant Building Configuration
8. FEMMNHKEFEZEEMNMEERNXES

Simple, square, symmetric layout is critical to good performance during earthquakes

E_‘%Eﬁ'l‘ﬁg Shape Of The House
LR EM AN RBENER, EREER
FFHERE. KENZ/NFEEN4E.
ERLERER

Square is the best shape for earthquake

resistance. Length should be less than four
times the width. Avoid L-shaped buildings.

BN EEXTR
Sufficient Symmetric Wall Density
s M-t R-AAENERANSHINELE
7 B 25 1 %
Use a minimum of two structural shear
walls in each direction

o £ H B R A s SRR T TR B
Structural walls should be approximately
symmetric in plan

sH= LB (A . -
*’QLE‘.’FI{\.L Tie Column Locations
B S EE:
RECOMMENDATION: Tie columns should be located at:

B s oMM

Every exterior corner

P 5 sk S oM L
Every mtersectlon between interior and
exterior wall

SRS AEERL

Every intersection between interior walls

. EEXF1.5MEP AL
Door openings larger than 1.5m long
should have columns at both sides

. Bra 355 Y i 7
The end of a partition wall
. BRI MR M IEE

Column in walls longer than 6 meters

=R .
I'J& iR O Openings
N sk = s S * Maximum one opening per wall panel
« SEEF EREE—NTANER ' one opening b P |
* If opening is adjacent to a structural shear wall, the opening

s MERARESERTE, BORBNIREBEN should be confined by tie columns at both sides
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5*/742'&?3 #‘{‘J%ﬁ} %53[5 Masonry Strip Footing

BHEARRLEMNZERIEER LEBIEBMAEAMEMNZIR

When building the stone masonry for the foundation, it is important to fill all the gaps between the stones

X v

REEANRE E M0,
TP IRIREMS.

Bricks should be at least M10
and mortar should be at least M5.

50cm below ground

"M L T 50Ccm

e g SR, MR NRE D
Stones shouid g BEo HOIEHE S I R R A

Stones should not
touch the walls of
foundation trench

REEERR, WETAKEZEDL36Cm,
The long bars from the column should extend
to the base of the foundation and terminate with

anchors that are at least 36cm long.

EEFNETF
REETRE
Stones should

not be exposed

on the top surface.

[BitEERN, HREIREM, 2@
T, RHR, HHBRMENE
FAE, BN =SEFHHETR
fe. RZ&BENERE, BH
INFARLAR AR R BE

Loose soils, leftover foundations, tree roots,
or underground tanks will not support the
foundation properly. They should be
excavated and filled with pea gravel
(small gravel with diameter 1cm or less).

30cmEC15
EARRLIE
30cm Thick C15
Concrete-Stone
Layer

@ EfE80CMR 80cm Deep =8>

E@Ni%

5cmEC10 Base of brick foundation is too shallow
5 BRLE - F——
v stone P som ik C10 EMRERTRRE, B
i oncrete bottom S =
Socmie o RUR SR BER D F50cm. BIE

EOREM BIERAR D F50cm.
Depth of foundation trench depends on soil
strength, but the base of the brick foundation
should be at least 50cm below the ground
surface. The minimum requirement for the
foundation trench depth in Sichuan is 50cm.

v v

BUAF—EBAEREREN

Recommendation for 1 or 2 story confined masonry house

X X

X

X

EAEMERSS, BREL
FikiEHo

Insufficient space between
stones, spaces not completely
filled with concrete.

EARNAKRSE AN, FHEREN
AISCMEEF. EARMET#,
TEBRD. RDIIREA.

The average size of the stones should be 15cm.
Do not use stones that are too large or too

small. Stones covered with sand or mud will
weaken the foundation, use only clean stones.

EAZENEERER,
ZHE10cmmEiE. £
AENERETHRELRLT.
Stones should not be touching
each other. Leave at least 10cm
space between each stone and fill
the gap completely with concrete.

RERRLINTEERERA
DA

When mixing the concrete for the
foundation, do not use gravel that
is already mixed with sand,

Instead, use clean sand and gravel.

R R tE RS, #EE)
SRR REIEAZ AN
PREZE.

Use a concrete vibrator to fill the
gaps between stones completely

with concrete.

FRAEAEMMBE

BHT R LRI B
RHEBEHSRFEK.

Cure the concrete for about 7 days
by covering with a tarp and

sprinkling with water.
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/a\%ﬁfl ﬁ *’l‘ Recommendations for Good Quality Materials
£k Stone

Bl RECOMMENDATION:
oA S E B IRRE),  Use HARD, ANGULAR STONE

(not weathered or rounded) for
foundation.

BB A SR
(RERRIHBEBRIIG) o

i Sand

#Zi0 RECOMMENDATION:

1 F AR TR 32 F3E Use CLEAN SAND for mortar and
i s = concrete. The requirement is less than
B, BREEZENTF%.

5% mud content.
AN IM—ICRF AR

Simple Test: take a handful of sand
RO R, fnskEE  and putitin a plastic cup or bottle. Add

52, KRR, BREBEK.

water and shake it up. The dirtier the
water is the more mud is in the sand.

A+ Gravel
B

EREENA FRORR L
(FEAEM).

FH AN 56 D 7 [E] #E HY 77 5%
MEATFEEF$. AT
MRANBIESCcm.

RECOMMENDATION:
Use CRUSHED GRAVEL for concrete
(not rounded).

Use the same simple test as sand
to make sure the gravel is clean.
Maximum gravel size = 5cm.

M5 Steel
Bl

TSR, BN
EREHEEF Y REN.
MRBEZRRWN, BIE
BEKEEEK. NER4E
Bk AN -

RECOMMENDATION: x
RIBBED STEEL is best for reinforcing
confined masonry homes.

If you use smooth steel, longer overlap
connections are recommended. Never
use recycled or rusty steel.

£ Bricks
21
RS
° FEHNER
. BESH, BETH.
. BOTRER IS B B
W, TR,

s KEMHZEARANEIEEMmM,
BEMEERNBESMM,

RN .

RECOMMENDATION:
How to check brick quality:

« No cracks or chips, No visible
unmixed portions or divots.

* Brick is square, not warped or curved.

» When hit together, they make a
clink sound, not a dull thud.

* Dimensions are consistent, length
does not vary by more than 8mm,
width and height 6mm.

E(FRIEH BB, XHEMRTSEEIES 2. Use FULLY FIRED BRICKS that don’t crumble or break.
ALMERIERE, BREEEH RS EERRELR.

Using recycled bricks is acceptable, but do not use cracked or broken bricks.
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5?& 75‘1{ :L Concrete

Cls5 Bt HFERERLE C15Concrete for foundation concrete and stone layer

E£RAR 504 Fr (kg)
BHIE
Foundation + +
concrete anc\
stone layer
1 F50A ki 1 INEZERY 2 NEERTF
bag of 50kg cement wheelbarrow sand wheelbarrows gravel

C20E%t, AT #iEHE C20 Concrete for plinth beam and tie columns

Tie colum

o + +

Plinth beam
2 K502 FrHgkife 1 5 INEERD 3 5 INEERTF
bags of 50kg cement ] wheelbarrows sand ] wheelbarrows gravel

mtﬂin\ 502 fr (kg) 502 Fr (kg)

C25iRstt, AFLEEZEFMZEMEIL C25 Concrete for ring beam and roof

502 Fr (kg)
L EZ I I
EE R ‘ ) )
Ring beam KON YK 0 5 INEFERD 1 5 MNEFERF
and roof bag of 50kg cement ] wheelbarrow sand ] wheelbarrows gravel
i PEFESFRNA0.75mIE, 0.5mEE, FA0.3miR. #FFRAH0.07m3,
NOTE: Wheelbarrow's bucket size is 0.75m long, 0.5m wide, and 0.3m deep. Volume: 0.07m?3.
A Y | ~,
s, Al ﬂﬂkgﬁ"]*' 71%);&:':7%5{ 2Er iR B AT IR
Caution! Do not use too much water! Concrete Pouring Vv emtgems.
Compact concrete by
V ramming with rod or tapping
V x formwork with hammer.
WEEMR EMRE,
R L B vV ERSEESANEL
AR 55055 . Recommendation:
Use concrete spacer to ensure fScar(ijfyt.the LOP of ;he g
adequate cover over steel. oundation beam for goo
BRLTEET LR, kT HAGREL, BFNEE ! contact with masonry.
NREFE. ARIINE V . R
Water should not be running  Gravel surface should not be BRI R/ REA,
down your hand, with concrete  showing through the concrete Vv REEREETNGRE,
mixture in hand. mixture. SRR R,
Cure the concrete for about
7 days and check for exposed
RN T E 2R 5N . steel and cracks after removing
Pour water on formwork and formwork.
steel before pouring concrete.
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You can help keep
your families safe
from earthquakes!

BE—ITERENEEREENERERE, RATRIPFRMNBEEREE
T—RMERRASHEBEIA

Building Good Quality Masonry is one of the most important things you can do to
help ensure your confined masonry house doesn’t collapse in the next earthquake.

Good Quality Masonry
FHy % Good Practice

A iFE9f#;E Bad Practice

v

X

BREMWIMFAIRE Tips for Good Quality Masonry

1. Mg —R—EHF B EREXARUR

Lay Bricks one course at a time using line and deadman
- 1 aq

L WG T

2. WIRE ARG IR FEIR IR

Fill joints completely with mortar at the time bricks are laid

3. IREEENEOSCME|1.2cm, EEE—F
Joint spacing between bricks should be consistent and
between 0.8cm and 1.2cm

v X

4. EF EE B R EERTRE

Stagger vertical joints and do not use broken or half bricks

5. BH  kTMEHEEH KA 5
Plumb  Horizontal and vertical joints [l Level control
py " RS — R R
NGz R) JE BT -] i\IFL — I=EHYAT %,
(e i 55 @A\
BB - i
Do not leave joints more than 0.8-1.2cm gj:r;r}iypellrjmbn?:f eat

1.2cm thick, Joints that are

too thick will weaken the wall. sure the wall is vertica

6. AkiiERE

Soak bricks in water

HERRELR

Prepare the bricks

ERERNI—X, BFEERHFFK
R0 5. ZEHME—BRAE .
The day before building the walls,
clean the bricks and water them
for 20 minutes. Then let them rest.

HERZERRREEBETZEEBMBFM llustrations from Construction And Maintenance Of Masonry Houses
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Connections Between
Tie Columns and Bond Beams

B £ Fo 42 49 4R 7 5B

BENGNEREAEBHHERESEEBHEHEMNZEXE

When tying the tie columns and bond beams together, care must be taken to ensure adequate anchor length and
additional stirrups near every joint.

R (EE6mm) §20cm
V Stirrups (6mm Diameter)
every 20cm \ . l

s E AR N L BRI ?
e
nchor 0.35m, FEPHME
EHEBEBKER

 ——

HEEIX0.26m 1K, FHXS i .

Anchors should be at least 0.26m long
and turned toward each other.

NFO.26m; B4k,
HEAGE LERMG. 9,
The Column anchors must %
extend 0.35m horizontally into

the top of ring beam as shown.

Ring beam anchors overlap 0.26m
like plinth beam shown below.

HRMBEDESFHR
0.56m, FAFEELER.
Steel reinforcement in the tie
column should extend at
least 0.56m above the top of
the wall to have enough

( EHUFEA EERHKERKET DT

Anchors are too short. Although this
connection meets the requirements in
Sichuan, it is better to make the anchors

I = s
x ‘ > ) 035m, rERUGEEEERKER
-—-I BEMEX | 1 FO26m: Kb, HEARE ERBH. anchor length.
A Stirrup N & The Column anchors must extend 0.35m horizontally
Relnfzrrcezment 1 into the top of ring beam as shown. Ring beam
0.5m A 64R | anchors overlap 0.26m like plinth beam shown below. l
6 Stirrups % v c
within 0.5m G (12mmjc) ’
Rebars
(12mm Diameter) py
HWEKEDE. HREHEEH wrgonm s
-+ Iy < X] NED #r 5
EISEER, (BRI AT ﬂg;%%@%ﬁﬁ*
[l o
BE, MEE. =7

Steel reinforcement is too
short; the ring beam and tie
column may easily separate.

face each-other as pictured above. s
SERNHEHE P
HE KE R F0.26m: fis fEEAOMMXK, i
LA, MR SRS MR 4 A HER K HEILEHEDécmK,
Column bars pass through plinth beam. PN F0.26m; ek, iR Y iy
x ' Plinth beam anchors must overlap at least 0.26m. ZYEF N - 34: rﬁj W 45J§(EI" HH °

Column bars pass through plinth beam. Use 6mm diameter bars fOI’
Plinth beam anchors must overlap at stirrups with hooks at least 6cm
least 0.26m. long, turned inward at a 45

£ B
FBHMBER  ——— degree angle.

Stirrup
Reinforcement
Area 0.6CM = <—
0.5mmRA 61R
6 Stirrups g ’
bk s s ithin 0.51
ENTE, RHPTERLE. — N o
Anchors are too short, and the beams \
are not tied to each other. N
x ' V2 X fEfh 4 Stirrup hook 9
> "4
BRI A \
Overlap too short \

EIRKEITE. RiED)| &R FEE
EFHRIRTRORE S (20081£3THR)
HE, BEERI12mmagisliainigE
KEH0.57m, BiF14mmEg#ELi2
SRIEIEAEH0.66m,

Overlap is too short. In Sichuan the splice
length must be at least 0.57m for 12mm
diameter ribbed steel and 0.66m for 14mm
diameter ribbed steel bars to meet
requirements.

N X Sh A7 B BE 5 20cm, TR
EER—MAH L, MEFNE, NLE.
Away from the joint, stirrup spacing should

be no more than 20cm, and stirrup hooks
should be rotated.

RFHAN: SIRNAEHE
31/

Best when all 8 rebars are anchored
to the outside bars.

HRTHEE.

The corner lacks any anchor.
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’}"‘lg i%; *E‘- —5 *%' {Z‘Rﬁ@ ﬁ’cl; #‘l\‘) Tie Column and Wall Connection

ES i Z EBERD i
AL 5 B L 38 5
UL

Tie column toothings and horizontal
steel reinforcements in the masonry
bed joint are needed to prevent
separation of the walls from the tie
columns during earthquakes.

LIt f TH i s LE#A
DHR6MM K B _— T-Shape Wall L-Shape Corner
L-Shape Corner LizwiEn - T-Shape Wall
0 Two 6mm Horizontal o
Bed Joint Steel \
(/\ Reinforcement /\
c
S
3 T + PR
) F e
% &50cm Cross-Shape Coner
= (8T HE)
) Every 50cm = pr e AN
;'lHE-I (Every 8 course ggg;ﬁﬁéﬁg
= of bricks) —— G o iy
5= LE'*.{ o Hﬁﬂ&lﬂ
EMiEEREA,
E_&%#i / 1 [ &5 50Ccm
Tie Column = o FiE (B8R ZiEE
Toothing - RN
Tie Column
- _ Toothin It is better to use a tie column at every corner
Eﬁg}g;gjﬁ?gg{gsﬁﬁgg)' g and wall intersection, but if there is no tie
: ol . - column, make sure to put the same steel
Tie Column toothings height should not be reinforcement in the horizontal bed joint of
higher than 30cm (every 5 courses of bricks), the masonry at every 50cm (every 8 courses
and the width no less than 6¢cm. of bricks).

{

l

5Lk Every 5 course of bricks
Fi$EER A5 Horizontal reinforcement
#8ItHE Every 8 course of bricks

(o))
c
£

o
Q

C
£
=
(e}
O
o
'_
0
R
AT

I
1

Images of wall separation from China Academy of Building Science
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f] fff li%q.:‘ Doors, Windows and Lintel Beams

SREZEMN LER, BTXHERSRLNERES. IARTR
#iE, BILNESEMSRESEMEREESE. SEROIRER
i, MEERMMRLR. ERE—ERBENEESHRERN, &
RO ErRTAmHEIERE. BEMRIELX, ROZEESKIE, SGEO
BHEBKNERMIZERERILRITR.

Lintels are horizontal beams used in construction. They usually support masonry above a
window or door. If lintels are not used, walls and roof over the doors and windows will easily
collapse from an impact such as an earthquake. The most common kind of lintels in Sichuan
are Pre-Cast and Cast-In-Place Lintels. For one and two story confined masonry buildings,
Pre-Cast Lintels can be used on the openings for the windows and doors, but when the

openings are too large or if the openings are too close together, or when any of the openings
are located close to the column, a cast-in-place lintel should be used.

Y S o S . R
B/NTEIR O single Opening
F#lid2 Pre-Cast Lintels
ENERAZEELDFISME, ATLUEATEIER. LR
EOEMAERE24cm(—LREMKE) .

If single openings are 1.5m or smaller, a pre-cast lintel beam may

be used. The lintel beam must extend into the wall at least 24cm
(length of a brick) on both sides.

MiRIE Cast-in-Place Lintels

, IRAHE DB HAEE24cm(—
FHOT R E I BRI K|
The best practice is to have single openings that are 1.5m or N L.

smaller. If a single opening is larger than 1.5m, then a cast-in-place Too S hort!
lintel beam must be used. The cast-in-place lintel beam must
extend into the wall at least 24cm (length of a brink) on both sides
with its rebars tied into the column on both sides.

T 171HE i A Double Openings

FHlid 2 Pre-Cast Lintels
O Z B EE E#EIT0.8m, AT A4 B A 7
DB ASREE24cm (—ITREMKE) .
If doors and windows are 0.8m or more away from each other,
then a pre-cast lintel beam may be used. The lintel beam must
extend into the wall at least 24cm (length of a brick) on both sides.

s -Place Lintels

i B 4FHRIL0.8m. FEEEES/DF0.8mHAY,
A7 R K5 Fun B DB AR 24cm
(—IREMIKE), FHEN RINEHHE 2 BN
The best practice is to have doors and windows 0.8m or more away
from each other. If they are closer than 0.8m to each other, then a
cast-in-place lintel beam must be used. The cast-in-place lintel
beam must extend into the wall at least 24cm (length of a brink) on
both sides with its rebars tied into the column on both sides.

TEROEHESE
Openings Next to Columns
FiHlid 2 Pre-Cast Lintels

vl R M

- g
-t

it

If doors and windows are 0.8m or more away from the column,
than a pre-cast lintel beam may be used. The lintel beam must
extend into the wall at least 24cm (length of a brick) on both sides.

TiRITR Cast-in-Place Lintels
&ERAAEWEERTFEE0.8m. EEEDF0.8mAeS, %
ERRRIR, IRAREDSEMAFE24cm(—LiEHN
KE), FEERNE#HE 2 mNERN .

The best practice is to have doors and windows 0.8m or more away
from the column. If they are closer than 0.8m to the column, then a
cast-in-place lintel beam must be used. The cast-in-place lintel
beam must extend into the wall at least 24cm (length of a brink) on
both sides with its rebars tied into the column on both sides.
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