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Classification
System |
75 4,75 075
AASHTO < Gravel Sand St Clay
75 2 05 02
NIT Gravel Sand Silt Clay
2 06 002
ASTM Gravel Sand Silt Clay
&.75 075 002
] .
USDA : Gravel Sand Silt Clay
Fi= 2 05 002
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Table 9.1. Safe bearing capacity of different types of soil

S. No. Type of soils Safe bearing capacity
in Ym?2 in KN/m?
(A) Cohesionless soils
1. Gravel, sand and gravel, com- 44.0 440
pact and offering high resistance
to penetration when execrated by
tools (see note 2).
2. Coarse sand, compact and dry 44 .0 440
(see note 3)
3. Medium sand, compact and dry 24.5 245
4. Fine sand, silt (dry lumps easily 15.0 150
pulverized by the fingers)
S: Loose gravel or sand gravel 24.5 245
mixture, loose coarse to medium
sand, dry (see note 2).
6. Fine sand, loose and dry 10.0 100
(B) Cohesive soils
7. Soft shale, hand or stiff clay in 44.0 440
deep bed, dry
8. Medium clay, readily indented 24.5 245
with a thumb nail
9. Moist clay and sand clay mixture which 15.0 150
can be indented with strong thumb
pressure
10. Soft clay indented with moderate thumb 10.0 100
pressure
8 B W Very soft clay which zan be penetrated 5.0 50
several centimetres with the thumb
12. Black cotton soil or other shrinkable To be determined after in-
or expansive clay in dry condition vestigation (see note 4)
(50% saturation).
(C) Peat
13. Peat —~do—

14.

(D) Made up ground
Fills or made up ground

(see notes 4 and 5)

—-do—
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Minimize the
number of steps

Use bars with
& only one bend

3. ,_4’————-—-— Optional sloped I

k(:,o\, .._.%% : footing bottom Avoid using Z-shaped bars

Fig. 3: Preferred details for stepped footings
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" Plan

(a)

Plan

(a)

Combined Footing ( a ) rectangular combined footing

( b) trapezoidal combined footing
Fig. (5)
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Collapse Of 13 Story Building in China




Collapse sequence:

(1) An underground garage was being dug on the south side, to a depth of 4.6 meters.
(2) The excavated dirt was being piled up on the north side, to a height of 10 meters.
(3) The building experienced uneven lateral pressure from south and north.

(4? This resulted in a lateral pressure of 3,000 tonnes, which was greater than what the
pilings could tolerate.

Thus the building toppled over in the southerly direction.
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Then the plan called for an underground
garage to be dug out.

The excavated soil was piled up on the other

side of the building
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Heavy rains resulted in water seeping into
the ground.
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The building began to tilt

Then it began to shift and the "hollow"
concrete pilings were snapped due to the
uneven lateral pressures
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And thus was born the eighth wonder of the
world.
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If the buildings were closer together it would
have resulted in a domino effect

2016 - 5_pad) dxala - dnaal) gl - Zlall dildac jaa¥lae



2016 - 5_pad) dxala - dnaal) gl - Zlall dildac jaa¥lae



2016 - 5_pad) dxala - dnaal) gl - Zlall dildac jaa¥lae



2016 - 5_pad) dxala - dnaal) gl - Zlall dildac jaa¥lae



2016 - 5_pad) dxala - dnaal) gl - Zlall dildac jaa¥lae



enY) 5 ) Y

oYl ciliida & Jui 4 (5 68 A 5150 Col ) mia ) Coaa s Ad) 3150 <l 3 A 1
.L..\JJ u..u.a..uY\ 3\4}9.1 &_\LL.\.\ LAAQ-?‘J\J—LQY‘ OJM&AL_LU.}\_UJ B UMY\ LAL JJ)JJ
omlaily Lealidl

od O s Jlexiuly LedSlia 4 585 SIS gy Y U A paall Dllal) culiliial) 4 o

Al A



Jalia Jamy Lefinllan (Say s bpada W) (8 ALES (il Sl (e A3l &) 3) 35aY) 2

CLaiall Gilaca g Gl e Sl ae) g g Gl )

e ALl il Conlie paled Gl Al A AL gl 3 AN 2] 8 () 685 () s

D) Y s Ju il

daaas 43 g a dcail ailiwe o) daliae @llanly pldll o Ldaladd) culidall UK Janiog o
LJaedill die AUl <l ) ity sad g ASlal) J88 s IS &) ) A Galiatial



NN

b
|

I

|

1

I

[
W

N

Dot Ao

GLLeN 1) ) b paian
;-—:'lvﬂ s

2016 - b il drala - dpiaall dnighl - Zluall dillac yaYlae




Sub
Soil Conditions

RPRossibilities

Light Flexible Structures

Heavy Rigid Structures

Deep compact
or Stiff Soil

Footings

e alat

CIC L I ]
f'JL CIC I
] CIC I

Deep
compressible
strata

Footings on
compacted
granular pad

Shallow Mat

I A S .
| I

Frictional
Piles

Long Piles to bypass
Deep mat with weak soils
possible rigid
construction
in basement

Frictional
Piles

| |
| ]
1 [ 1 |

1 [

Soft or loose
strata
overlying firm
strata

Bearing Footings with
Piles
ground
improvement Shallow Mat
techniques | | | | | | |
like

compaction I 11 11

|
grouting I I I I I I
replacing soil

etc

Bearing

Piles Deep mat with

possible rigid
construction
in basement

- ||_ 1 I 1 [ 1 |

Compact or stiff
layer overlying
soft deposit

Shallow Mat

N I I
|
L T JC |

Footings

Long Piles to bypass
weak soils

Deep Mat
(Floating)

Alternating
soft and stiff
layers

Shallow Mat

I
I I
I ) . .

Footings

i

Deep Mat
(Floating)

Piles Caisons

[

|

2016 - 5_pad) dxala - dnaal) gl - Zlall dildac jaa¥lae




S Jlae ]
Pile Works



UAJY‘GLM&WL_\AJDJLC UJSJLEJMM\UA&)AM gﬂhg«z JJ\SJM .
AUl Al Jlee V) e 81 5l Jaza a 5335 substructure

Al Lalad it g 4o il colada ) Laadd) J& Jas g
Aanla a8 58 L da pall 4 il cilida sl 2

Lea 4l a3



2016 - 5_pad) dxala - dnaal) gl - Zlall dildac jaa¥lae



;)3\5)5\ 'Y Lax ]

A YAl S St o
S AY) ) e 8 JOA Lgale de ) gall Jlaal) o glad Y ddmia 4y i) (oS5 Ladie
At it s (e gall LY (ALY dpala @by dpnha 4 ) (S5 Laie 2
Liliah b i sall olpall 4 a5 2y il Ay sha
olaall 2ala s il gall ddia IS Ll mhais (38 Liall () oS Ladie 3
u..n.u\ t_i\.lo)}\;.aé\_x.u\ JPJEM LSJAY\ &\y\)ﬂ u-au..uny\ JSAUSAJYLAJJ.C
A ostaall elall (ia el ol bW jis &5 6l Cusy i V) e (e 4y 8

JHI ) aY) e SIS ol sl Juadi sl o3a 3 LW 5 0 5l 5 ol
AR



8 pad) drals - daad) dusigh) - Ll didae ueYlae o




\.Am.canchorp”esg_m.\.u}\.sﬁij\aca Ak 6 98 A ) g llaly Ladie 5
e doar (658 Ladie batterp”esc\hug_m.u}\sj.awj A BLE ) &S

daglaa S| IS jSJuA;MJY\u\JAY\jd)YJ\L@_\SJ&LTJ\dja\..ml\@6
u&@\}\h\)o@bﬂﬁau&b}\.@_mu@dmgubw&)y}uﬁuA
é‘}“ uﬁ laaid d=dl ) MK Jleationly ddmia 408 e 40 685 9 20l bty Ladie 8
4\_14“

l_d\.c_dmu.\;;uu)yj\‘u}@au;mbm\;du;\u}mul@um9
. sheet piles 4xaall il WS




\
STEEL SHEET PILING

el TR o e W™ NI ST . - 59 WL T iy .

2016 - 5_pad) dxala - dnaal) gl - Zlall dildac jaa¥lae



Al el gal) Cues 302 Glae g1 YIS ) Caia

Al £ A0 e s Al QD) JlaaY) i 3k caeen IS
ddad) v 4 il ) Lelas Jans L;J\ 5 38 ) 2 - friction pile S 3 S i
e Al A i Asilall Lea sl G GISEAY)

lbacd &4y 1l ) Lelaa Jaws Al 3 38 )1 & o bearing pile 2see 335 )
A B Ay p gl Ay jdia dha e atiiy 3 genS Jaad



) Ledan 3 38 ) Jasi Cus :COMBINED ACTION PILE & jidall Jasll D33 38 ) =
UAJ&MJLL;; Mmj\sumjddyd\ A\_'\MYU@.LJ\ Q&Y\m\ym}d\



L ]

L
-
el

T ey e T TN e
A ot
Loose A 1' { ‘i’
Sell f 1 { f
i |4 it |4
i1 |4 4 4

v \J v \J

Hard Strato

(a) End Bearing Pile (b)) Friction Plle

ml_ RO -Im “W—W— o

—— i P —

——— pti gy ——

—y = — —-—

—t—y p——

it JEdES

——— i gy — i

T 7 B -
\/ v \J/ \J
{c) Combined End Bearing (d}) Compacrion Pile

and Frictien Pile

2016 - 5_padl dxadla - Aol duigll - Zlul) ditae juYlae o

Side Friction

HIHHHH%




Leat) 5 Lad) o o WS H & 3 2
Timber Piles 4xiall s -
.Concrete Piles 4xlu Al S )l -

.Metal Piles 4xaaall SN -~



Apdall IS -

3o i S 5 i) i pel 5 Lty aleniad S £ 531 gl o At S )
b e A5 L g s Aalia g iy Al s () e stial) o ,0€ a5 Baliall LEAY
Sl bl Lgia glia 3aly ) 5 Let o8l duald Gl juandiiney addld) dadlee s gy LU Alla
Y5 &g 5 (5l all il 5 JSUll

e 5 e OS5 Andadl S e A

Aadlaall y dndal) NSH ]

Cdzadla o) gan dalladdl dsall BS 2



Y4 \va
v g
—.. VA EA

i - C\:u.l\ Aildac )M\J\AAL A



LeBa o) adigill (e Lgple ddadlaall 3 38 )l 6 jha e dyiaea adalia Bale il
Ln (555 Lasie Laaus ¥ 5 ol i Ledl il Jogastl IS 5 Aisnall (3l
RIS

L) s danbia ) shls s Faleal o) oS5 Lasie 2idll Sl Jlanad Juindy
Jralias Lpcazs an J) shal ac

4 ¢ samsall Jaall () Lale LI 8LE 4pdall JISH1 (83 s sl Ay gha 358 ) Jaal o
3 3S00 Jsh (e i 16 IS ale 25 (5 5k



Al pall S -

(P gl e A
Lo sSiy tall ddae duilu Al S (
Precast Piles alic) cuall 4auua 1
Prestressed — Precast Piles ¢ 48wy cua 48uia, 2

Cast in Place Piles .28 sall cuall il WIS )l (o

2016 - 5_padl dxadla - Aol duigll - Zlul) ditae juYlae o



:uall ddie duilu 3l S )
(eie ) cuall A S -1
Jaliae o) day e sl 3 il adaliey (galie W) Cuall diue S Jons o

Cllie 3 dgig a5l A gha ldaly ) Jlemtiad) pa 3 38 U st ) el ma g oy @

Al )R e glia s Bl il i Ll da il @lld 5 3l 8 ke 8 A i



Fig Precast
Piles

T

0.2L — MAIN REINFCRCEMENT 0.2L

lil 3010 * Lifing Hook Lifting Hook 30:10] g;%%
o | - | S P L T T T T T T T A g e

ol e S

X ‘ ¥ ‘ Y ‘ X

Links &t Linksat Links at Links at Links &t

Fitch PL Fitch P2 Fitch P3 Fitch 2 Fitch PL

Length, L

2016 - 5_pad) dxala - dnaal) gl - Zlall dildac jaa¥lae



ruall danue dile A1l PSHI gal &
Al Al dae o e a4l 5 el AnlSal 1
5 Sl g0 s (5380 Jsh i Bygaaa 2

LBy g Lend g Lelail Al Cilana A WIS 5l 238 ~UsS 3

2016 - 5_padl dxadla - Aol duigll - Zlul) ditae juYlae o



gl At 5 cuall ddue IS N -2

Al pall IS Jlestil 30l 25 saliie V) cuall dauue 1S I cilple dallas a5l
Axdaill yia 13 (A yie 5 (e Al ) shaly piad Al 5 agadl diise 5 cuall ddis
Baa) gl

5580 Jsb e Jseanll dals el s 5l plady QU Aaus) 53 Laany pe adadll Ly 5
sl

2016 - 5 yeaul) dnals - Ginall avigl - Fluall dillle allae 3



2016 - 5_pad) dxala - dnaal) gl - Zlall dildac jaa¥lae




.!l

1 ‘ | Lh‘

‘i s y 0
SUTIKINTI
. TEL l70~5|-07£“
FAX:470-50-67

TUNET

2016 - 5_pad) dxala - dnaal) gl - Zlall dildac jaa¥lae

e
Ie
).

3 -':l_;; =

LR
&%

\_
—
I
YT~

LR
VZan




2016 - 5_pad) dxala - dnaal) gl - Zlall dildac jaa¥lae



iyl e 3all 33850 Ol elS (5 il o UL Aol 20 S 1) dallan o o
Aaali (e Aaliie V)

ol dgall Aaa 3 381 adaia ()5S Cuim 5oL padiy 3 3€ ) Jand Alanionall 3 sall @
Al s i il ikl ) pa) ddee Jan Las

g o el ag e g adll (5 g8l daglaa i) e



L;aﬁj..d\ Cuall ¢l M\.u)aj\ J'ﬁ\SJJ\ -

Al shansl 3 s Jala Ll A Cua oy Sl o (28 gall Cuall €ld Al ,aldl IS )
Lareat glhaal) G A4 Al 8 Lo gee W jés o5
o) Al Al Coa day LeaBga A A0 08 diama Al ghai) a3 jaall il g Sl Sy e

L\;.Um g.;a]\ <) ERENY!

csnal) U Al Al gl sl il ) Al s A pall obuall (o pudi cviad Cany o




CLRAAAN

‘1‘-" y

PELLRBRRREY

«“'\“m\‘fﬂ'ﬂ-m
¥ T L LA i

\\\\H. -

e =
e
EEBE 1




Z\,gjlj\:\.d.a.'a,qg\;j\Q\SLP@MM\@\@&&@Q\M\&\SJ’B\SJ\QA&\)}\&L&A .
\-\A-ud-msh\f\F@)LJJMY‘QMZOQ\PJLMDJLGMM\M‘@Y‘ c‘ﬁ\@m.\O
Al il
Cald gl Baa) g dadad Lol ) glady) 5 < g Raymond piles e.u.:‘_? 3 g yrall &j.d\ RS s34 &\jj\d.q .
sthaall Jshally 3 3851 ansa (4 oS3 3l g Lgudamy (o (S 55 a o
A la ol 48 sl Gy ) a0 S )l adaie



May 15, 1962 M. M. UPSON 3,034,304
WETHODS AND APPARATUS FUR MAKING CONCRETE

PILE SHELLS AND PILES
Filed Dac. 29, 1868

€ Sheets—Sheet §

T

S

82

[NVENTOR.
ITaswere M. Urson.

ATFORNEYS.

g
Toord B e 150t Cooris & fis i

S5#8 =40 -

| ==

Case XII
Long
Term
Capocity
3
a
Sand =
(No Set-up) o
T
Clay -
(=Y
(Set-up=15) 3
o
")
<
40kips
Total soil
resistonce 590 kips

Case X1
During
Oriving

—

140 kips

450 kips /1.5 = 300 kips

i
|
40kips

480 kips

2016 - 5_pad) dxala - dnaal) gl - Zlall dildac jaa¥lae

Feb. 16, 1960

Filed Juse 3, 1954

.- -"

‘n
(i

e s

.

E. A. SMITH 2,924,949
PLASTIC PILE SHELLS
2 Sheots-Sheet 1

R

INVENTOR.
EbwaroA.Smire.

25

By
rwncd haaloneltin QeI Whiarme.

ATTORNEYS.



S st il 5
_Sjﬁj\@ﬁ\_&emwéﬁ,jﬁéﬂ\cU;jY\eJ'cZ\A)GA 1
Lo ALY s SIAYL JEY) Jashy d gae 3 1S ) jlide) 2

2aas Ly gat bl Laa canall ol Aila A 3 32 Jld oga 05S3 Jlaial 3

bl



(g™ se Cua yra Hhl QR Al A 35S ) e dal ja e

290 ) 60 e gL (s sd My Biseall Dl shan¥) Gle 1

(o sllaall Baall J g ol Alad 24 al) Jads 5 e Aniaeall 230 shan¥) (30 2

BS )l Bacld 8 Al A 3 S o oS AS) plal) Jau)  Jla A1) o) 2éy 3

Ol L )8 4 ghans) o g atisal) (B2l ae Al Al aia i lidill 32 a4

MAS&IAJM‘JLMY\Q_\MLQLFG\} L_UM\ L_\MOJASJ\MUAs%L@—\JY‘



-

23]
b a‘-ﬂ'\_’;’)u
e el
e

ﬁ»ﬁq%%bd%b«?&b«bd .QPA'?

SRR AT S e . -

) )

(

2016 - 5_pad) dxala - dnaal) gl - Zlall dildac jaa¥lae



(™8 50 Cuary Sl Gl dple a3 58 ) Jee dal s

3

el A dinnae 430 glandy jiall (il ga sl 5 )eall Jlaal) alasiuly jiall ]
a2 5l CuilS 13 sl

10300 o e 5ill o Adleall Al JBY o Gle Gald ey sl g ss 2
L5 20 1 Cighat

A Al all Jlay dadi yo 43 gall sbuall (5 e (5 5Ss Ladie (o sail 5 aad Adas) 5
A W g el e o sSall il ol a0 A8 gad) slaall Caasi 5 jaall jad




Typical Operation Procedures

in constructing a cast-in-place concrete pile with a bell pile bottom.

2

inthe case of bell plle
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Pile Foundation Design
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Bullnose
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Header

Stretcher Control Joint

38" or 5"

Stretcher
(2 core)

Double Corner
or Pier

(3 core)
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Dl A ) aa s S5 e
A QSN (e aa) g laadl 848 gl aaza g (35S0 (o)) (Sl (a0

stretcher Jshll e 1
header usl_Jl e 2
H rowlock or bull header &8s 3
STRETCHER HEADER ROWLOCK soldier Gua (s25ec 4
sailor g e (sagae 5
J shiner or bull stretcher )& A= 6

SOLDIER SAILOR SHINER
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10558 O (R Jlaall as g e 8 allall 48 lall = glass aal g8 5 iFace 4a ) @

Bed (underneath)

stretcher face Jshall Jo 4

Header face
A

Brick on Edge (BoE)
B

ale 80%240 o2yl 5S35 :(stretcher face) Jsb 4as -l

ale 80%115 salay) (S5 :(header face) ) 4a s -

2k 115%240 »3l) S5 (brick on edge) JS 4s 5 -&
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SOLDIER

STRETCHER

4

ROWLOCK STRETCHER
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HEADER

SAILOR
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ROWLOCK
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3 ‘ 6
5
1/
Key
1 Length 2 Width 3 Height
4 Bed 5 Face 6 Header

NOTE Thus relates to the normal use of the masonry unit in the wall.

Dimensions and surfaces
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Basic Brickwork Terminology

Course - horizontal layer of brick
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Dl da s (5 g (e (s05ee Jaia 98 5 1cross joint me Jaia 3

SO e 055y Jlaadl i Jeaia 585 iwall or collar joint sl Jsie 4
\ Dl g siul

wall joint — —— Cross joint

closer
r Brickwork Terminology:
- * Wythe: One vertical stack
of bricks

:Lquo.,,,s » Collar Joint. Vertical joint
between wythes —

stretcher course

header course
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Solid walls - English Bond

This is ish Bond. Notice the
headers ih one course,

stretc in the next. The
queen closer keeps the bond.
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Type
PL3.1.1

Type A
BN.2.1 215
BN.2.2 215

A
215

B
102
102

B
158

65
65

C

65
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Rats Penutup
Setengah -7

-
~

"i’" b v'-'
Baty Penutup Atau

DBata Kerat Tiga Suku
Bata Kemat Suku

Batu Bata Belah

| Fotongan batu bata|

_-*" Bata Kerat

Rats Penutup
Setengah  _-°

Bata Penutup Atau
Bata Kerat Suku

~ ' ”
S 7 Bata Penutup
Tiga Suku

Batu Bata Belah
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Oalliie Gaile (A (Odiai) Cpand )y Cpliaia G 488 ALl a5 tlap Jall dilua
1) A glise diliall 02a () oS 0

e bl lae Loyl o) gl Calise 8 ol duatall (2 je Chial Ladls 48 gilhall (e Chas -
Jshll

Jshll e day )l 8l Sl deadall o je Ciual Lalls 48 gidall J sl Caual -

j half bat
: — perpend

\t ctretcher face @P OF half bond
header face
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Types of Bond kil & il

Ayl yie 400 Cilas sl (588 Eumy oLl 8 (3 suldall g lia sl ALSES 58 oy )l duady
Dlalldaay 8 3 gl jelaad b day Hll e s Dlaad e da Ha

e o3 gidall Doy ) g) gil ac aa g5

Heading bond w1 e Lyl 1

Stretching or running bond Jshll e il 2

.English bond s »SsY) L )i 3



Types of Bond L ll & il

Flemish bond. =iy Ly )l 5
.Bull stretcher bond &I Je Ly )il 6
Hollow bond < gaall Jay Jl |7
.Garden wall bond 4&aall 7l by ;.8

.Pattern bond Ji&ill k9
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Running Bond Common Bond English Cross Boad
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Third Bond Stack Bond Stack Bond Stack Bond
Oversize Brick Streichers Soldiers Headers
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Stretcher Bond

English Bond

Flemish Bond



Brick Bonds

Screencast=0=-hMaticcom
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:Stretching Bond Jshll (Je oy jll 2
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skidicherface lap or half bond
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One brick thick, English bond, corner detail
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:Flemish bond (SLl¥!l Ly )l 4

gead iy Jshall e 88 gl Gl ) e A8 5da JS s 4 050 Jay ) 58
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* Garden-wall bond, used for lightly loaded
boundary walls, has a sequence of a header
and three stretchers in each course, with
each header being centered over a header in
alternate courses.
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S0* Hemingbone Stretches Bond Stretcher Bond vath 45° Stadk Bond with
contrastng haader contrastng stretcher inlay
and headsr

45° Rarrngtone 457 Swetchar Bond 45° stack Bond whh
contrasting triange<cut inlays,
with header
[ |
[ [ 1
[ 1
[ I |
I I
Stack Bond Exkatweave 457 Remingbone vt ymllml—l—

contrastng stretcher Infay
and haadsr

45° Stack Bond 2tweaave vt Stretcher Bond vath Cirad o radial
contrasting colour contrasting stretcher inlay
and header

45° 5@

oc Bond witl 45° Stadk Bond with
contrasting double diamond contrastng damond Inlay
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HERRINGBONE 45

BORDERS

HERRINGBONE 90

BORDER

BASKETWEAVE

MIXED COLOURS
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* Running bond, commonly used for
cavity and veneer walls, is composed
of overlapping stretchers.
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* Common bond has a course of headers

between every five or six courses of
stretchers; also known as American bond.
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+ Stack bond has successive courses of

stretchers with all head joints aligned
vertically. Because units do not overlap,
horizontal joint reinforcement is required
@16" (405) o.c. in unreinforced walls,
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+ Flemish bond has alternating headers and
stretchers in each course, each header being
centered above and below a stretcher. Flare
headers with darker ends are often exposed
in patterned brickwork.
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* Flemish cross bond is 2 modified Flemish bond

in which courses of alternate headers and
stretchers alternate with stretching courses.
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+ Flemish diagonal bond is a form of

Flemish cross bond in which the courses
are offset to form a diamond pattern,
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Garden-wall bond, used for lightly loaded
boundary walls, has a sequence of a header
and three stretchers in each course, with
each header being centered over a header in

alternate courses.
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+ English bond has alternate courses of

headers and stretchers in which the headers
are cetrbered on stretchers and the joints
vetween stretchers line up vertically in all

COoUrses.
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+ To minitize the cutting of brick and

enhancing the appearance of bonding
patterns, the major dimensions of
masonry walls should be based on
the size of the modular units used
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Note wedged shaped joints

English Garden Wall Bond
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The image on this slide shows a
half brick wall which has a stop
end and is toothed. The
purpose of toothing the
brickwork is to allow for
plumbings to be taking higher
than racking back would
normally allow. You should
however try to avoid toothing
brickwork to a significant

height.
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Racking Back and Stopped Ends GITY tobtessow

The image on this slide shows a
half brick wall with a stop end

and racking back.

This method of construction is \ Nt
commonly used by bricklayersto | -

build plumbings which allow them \\ B ’

much quicker than building the wall one course at a time.

to plumb either end of the wall and build

to a line in the middle of the wall. This process is
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Gkl ol aal JLEY sl
Structural Design of Brick Walls

Ainal) QLA aeal A laaldde] (Say Al Gl gl g daball laial gall (o 2aall aa gy
Bl (e

‘il gall b e o

Alenal) ) paall A0l Cilya i Al ) A jlasll digae 1

(BSI — CP111 : 1970):Structural Recommendations for Load Bearing Walls

BS 5628:Structural Use of Masonry.diSll Slaiy! alaain) :BS5628 4z yll dical sall |2

Masonry Standard Joint Committee JiSll Ciliial sl 4S yidiall Lialll 14,8 oY) ddial sall |3



R ¥ . Building Code Requirements

Amendmerst No.1 and

Code of practice for SpeCification for

Use of masonry — Masonry Structures

Part 1: Structural use of unreinforced
masonry Containing

Building Code Requirements for Masonry Structures
(TMS 402-11/ACI 530-11/ASCE 5-11)

Specification for Masonry Structures
(TMS 602-11/ACI 530.1-11/ASCE 6-11)

and Companion Commentaries

Developed by the Masonry Standards Joint Committee (MSJC)

— = e
American Concrete Institute” INSTITUTE

Advarcing he owledge of Masonry Advxars i concrete kooudedye
The Masonty Sacmty American C s Engineering natitue
270 Boadway. Sulte 200D PO Box 0004 of the
e a— Bouider, Co 80304 Famigron =ie, M 45333 American Scciety of Civil Engineers
— W A ysOCiety oG W conarete o0g 1801 Nexander Bel Ditve
e Y 1 | Reston, VA 20191
NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW R W seriie org
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In BS 187, units are classified in terms of a Strength Class as shown 1n Table 2.1.

Designation Class Compressive strength
(N/mm”)
Facing brick
or 2
Common brick
Facing brick 3 20.5
or 4 27.5
Load-bearing brick 5 34.5
6 41.5
7 48.5
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Table 1. Requirements for mortar

Type of mortar (proportion by volume)

Mean compressive
strength at 28 days

Mortar
designa-
tion
Increasing Increasing
strength  ability to (1)
accommodate (11)
movement, e.g. (111)
due to settlement. | (1v)
temperature and
moisture changes

Cement : lime : | Masonry Cement : Prelim- Site
sand cement : sand | sand with inary tests
plasticizer (laboratory)
tests
N/mm” N/mm”
1:0to % :3 - - 16.0 11.0
1:%:4104% 1:2%to3% l1:3t04 6.5 4.5
1:1:5t06 1:4t05 1:5t06 3.6 2.5
1:2:8t09 1:5%:6% 1:7t08 1.5 1.0

Direction of change in properties
is shown by the arrows

Increasing resistance to frost attack
during construction

Improvement in bond and consequent
resistance to rain penetration
el
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(a) Constructed with standard format bricks

Mortar Compressive strength of unit (N/mmz)

designation| 5 19 15 20 275 35 50 70 100

(1) 2544607492 114 15.019.2 240
(11) 2542536479 94122 15.1 18.2
(111) 2541505871 85106 13.115.5
(1v) 2235445262 7.3 9.010812.7
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Characteristic strength of masonry (N/mm?)

26
24 '
22
20 : |
|
18
| |
16 % ..
14
12 i -
o .
8 AN AT 11~ l
///' nP" |
6 -
. =T
L = 4” o
,/1' o~ ™ -~ w o~ — L
2 F~ w2k ol 1 2 2 2 g
ol = S =2 S S 2
L& (&) (&} (&
o 10 20 30 %0 50 60 70 80 30 100 110

Compressive strength of unit (N/mm’)
Interpolation for classes of loadbearing bricks not shown on the graph may be used for average c¢
strengths intermediate between those given on the graph, as described in clause 10 of BS 3921 : 1974 and

clause 7 of BS 187 : 1978.

Figure 1(a) — Characteristic compressive strength of brick masonry. fi (see Table 2(a))
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Table 4. Partial safety factors for material
| strength,

Category of
construction control
Special Normal

Category of

manufacturing Special Z2 3.1
control of structural Normal 28 35
units
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Column Single-leaf wall Cavity wall Walls stiffened by piers

Single-leaf Cavity

Plan shapes

.

My
L

. b . ! ‘ f—*— )// 1&:
, . | A, L 77
%Wl 7 7 Yl a7

bkt ’ t

Effective thicknes

ca

t or b, t the greatest of t Xk the greatest of
depending (a) 2/3 (t; +t;) or (a) 2/3 (t; + Kt,) or
on direction (b) t or (b) t; or
of bending (c) ty (c) Kt
where K is the stiffness coefficient from
Table 5

Figure 3 — Effective thickness of columns and walls
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Table 5. Stiffness coefficient for walls
stiffened by piers

Ratio of pier Ratio 1,/ of pier thickness to
spacing (centre to | actual thickness of wall to which
centre) to pier it is bonded
width
1 2 3
6 1.0 1.4 20
10 1.0 1.2 1.4
20 1.0 1.0 1.0

NOTE. Linear mterpolation between the values given in table 5
15 pernussible, but not extrapolation outside the linuts given.
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Table 7. Capacity reduction factor,
Slender- Eccentricity at top of wall, e,
ness ratio | Up to
hes /tes 0.057 0.1z 0.2t 0.37
(see note 1)
0 1.00 0.88 0.66 0.44
6 1.00 0.88 0.66 0.44
8 1.00 0.88 0.66 0.44
10 0.97 0.88 0.66 0.44
12 093 0.87 0.66 0.44
14 0.89 0.83 0.66 0.44
16 0.83 0.77 0.64 0.44
18 0.77 0.70 0.57 0.44
20 0.70 0.64 051 0.37
22 0.62 0.56 043 0.30
24 0.53 0.47 034
26 045 0.38
27 0.40 0.33
NOTE 1. It is not necessary to consider the effects of
eccentricities up to and including 0.05¢.
NOTE 2. Linear interpolation between eccentricities and
slenderness ratios is permitted.
NOTE 3. The denivation of S is given in Appendix B.

2016 - 5_pad) dxala - dnaal) gl - Zlall dildac jaa¥lae



BXEXTle = ol e JS0jlaall asaadll Janll o

Ym

Dl claw t Cus o

Jhaall Wiy e glia £, o

o gl pmia Jalaa y, @

e J3 (DY) D laay s paa) Slaall Jsh (e yie JSEdabiall Jaall 58 o ang e
Shaadl areadl) Joal

2016 - 5_padl dxadla - Aol duigll - Zlul) ditae juYlae o



-0 oaall A&l Jeas

Aliis S il dadlie oY e et dalil \ﬁwbbﬂmm}mme@y .

Dfiny ) ) i A i ok g B ) sl pasah Y O meail) die el 13 .



101l Gadll Jess

Juaidll e fisas (il dga) (8 jlanll (5 siue B 288 5 8 N laall (2 a8 Xie o
S

1058 7 sanal) (il alga) G Ja )l 5 7 i) 1 LA daty 45 ga pladta) 24 Ladic e

(Julilsia ) 7 samall all) Sgal (JSlylSaa ) (5 pand) Cupal) Jandl)

0.1 0
0.5 2.5

2016 - 5_pad) dxala - dnaal) gl - Zlall dildac jaa¥lae



LAY e avenadll e -

bl oa0ad 38 Jy gllaall Slaad) elaw sl 8 (ulaV) sa laall Jasd jlaie 6K Y S8 o

s ALy e lllaiall o3 o

2016 - 5_padl dxadla - Aol duigll - Zlul) ditae juYlae o

Gl Ul
sl J 32

ERRN

1

2



s ol J Al

1

Al Gl e V) Caa s AV 8 gl oadl Jadl e Caagd) )

Leiani aie 4 & e N5 el (e Sl
Ly e aie Al Jala s ) all oy Jl
‘\-\-U;Y\ dA\J J\A_J\ ( '9.3’35'; @A

Ll\‘; LN “ Sv..j R LS....

2016 - 3_padl daala - dpadl dunig)) - FlLall dithe jua¥lae o

1

2



!
VA Jast . 2]

JER RV =
*J

ety

A T T T

AP NALAA PR
P v vy v v vy
AL wAeANS “Aan
A A NN L AN C T
e ey v e ety

BIVPYRTR

( B Yoy s

I JF

“w

g

3P et

|,L Jusit .

*J

Lo

I‘I’L J\.i.‘..‘ o

S JdF

[

S

\,L Just . )

*J

JUac

fuatigl) - Ll b

- )

2016 - 5_padl dadla



U (Thermal transmittance) ¢ )y~ Jaill Jalaa (canny (s )1 oadl o=l (ulia )
(Rsie dad IS mhall (e @i je Jie ISl 5 ) Bas gl

sl z a5 3l G sl all el caial) gl plaall A48 ulde g8

A ptall 3l all Hlase a1 H LS U A il H LS o

Q=UxAxAT 10 oy dy puiiall 5,50 5all laie o

il g laadl ola G sl oad) da oy GOl AT 5 el ol plaadl dalis A Cua e



o s e A gilda sl Gl daa LA A8 )5 (e (58 Cagaa laad JUA dus o e
U daf 0585 Jalall (e oLtV e 05l 4068 Al A e B8 38 )55 (5 500
4l (e Dhall e 568 1Al 4 sie da 0 JST o ge i JST LIS 1.00 ) 4 sl
Al

2.00 2535 U da (5585 Gigall e slgi) ae 3a) 5 48 il Slansy lasd (s i o

Boloallas Jole ey Y ged Ml g dy e da jo JSV o je i ST L)



(thermal conductivity) 33tell (sl Jua gl Jazs o aaiad dua ) 5l jlaal U dagd o)) o
Aad b Gl il n hadl (e e e ST el 3 pmndly (ully g K 4l e o3
J.m’lOGLJ\@AMUJS.\LAJLah\jmqu\muAJ@ckJ\G@Ajuqu\);}\
Ll ala 3 U dag ol K dagd ol ) LS 4l iny 138 o

Al 3 )y A )2 g AUS g dalins g Ao sk yr il Le 3alal K (5 all Jua sill Jaza 4 o o
Al

¢laadl ol salal) clan L Blias Jal sall ol bty 35 Leld K dad o aaiad J 4add () Cus g o
U dad laass el gal laad) clas o) ) Lalsa



3 sall (pe 220d K 5 )l sadl Jua gill Jalas o

Material Thermal Conductivity
(Wim.K)

Air (1 pas-1s4 0.0262
Ethanol (" ra 8128 0167
Aluminum alloy 360 (1) pg 12211 150
Brick [Z) table 2-382 I:ITE
Carbon Dioxide (1) ra 5154 00168
Copper (1 pa1a 390
Cotton 2 13tk 2382 006
Diamond (& table £382 5300
Glass wool (1 ea 12202 0005
Granite (2 1able 2352 579
|oe (T pg 12-202 55
Lead (") pa 12155 3E 3
Limestone or Marble (") pa 72204 10
Paper 2 =6= 2322 EE
Rubber (& =tk 2362 55
Salf @ e 222 =
Sawdust () pg 12204 006
Silicg (=) =k 2382 3
Sand (7 pa 12204 33
Soil (dry) @ =t 752 555
Steel (stainless) (1 eg 1520 =
Water (1 rat-2 06




TYPICAL THERMAL CONDUCTIVITY OF BUILDING MATERIALS:

THERMAL

STRUCTURAL AND FINISHING MATERIALS CONDUCTIVITY
AMaYS CheCk man VRaCITers GeEs - vataTon wil GICw Sepeadng on PHILd ad RIture Of MatRais) (WimK)
Acoustic plasterboard 0.25
Aerated concrete slab (500kg/m3) 0.16
Aluminium 237

Asphalt (1700kg/m3) 0.50
Bitumen-impregnated fibreboard 0.05
Brickwork (outer leaf 1700kg/m3) 0.84
Brickwork (inner leaf 1700kg/m3) 0.62

Dense aggregate concrete block 1800 kg/m3 (exposed) 1.21

Dense aggregate concrete block 1800 kg/m3 (protected) 113
Calcium silicate board (600 kg/m3) 017
Concrete general 1.28

Cast concrete (heavyweight 2300 kg/m3) 163

Cast concrete (dense 2100 kg/m3 typical floor) 140

Cast concrete (dense 2000 kg/m3 typical floor) 113

Cast concrete (medium 1400 kg/m3) 0.51

Cast concrete (lightweight 1200 kg/m3) 0.38

Cast concrete (lightweight 600 kg/m3) 0.19
Concrete slab (aerated 500kg/m3) 0.16
Copper 390
External render sand/cement finish 1.00
External render (1300 kg/m3) 0.50

Felt - Bitumen layers (1700kg/m3) 0.50
Fibreboard (300 kg/m3) 0.06

Glass 0.93

Marble 3

Metal tray used in wriggly tin concrete floors (7800 kg/m3) 50.00
Mortar (1750 kg/m3) 0.80
Oriented strand board 0.13

Outer leaf brick 0.77
Plasterboard 0.21

Plaster dense (1300 kg/m3) 0.50

Plaster lightweight (600 kg/m3) 0.16
Plywood (950 kg/m3) 0.16
Prefabricated timber wall panels (check manufacturer) 012

Screed (1200kg/m3) 0.41

Stone chippings (1800 kg/m3) 0.96

Tile hanging (1900 kg/m3) 0.84

Timber (650 kg/m3) 0.14

Timber flooring (650 kg/m3) 0.14

Timber rafters 0.13

Timber roof or floor joists 013

Roof tile (1900kg/m3) 0.84

Timber blocks (650 kg/m3) 0.14

Web of | stud timber 0.15

Wood wool slab (500kg/m3) 0.10
Cellular glass 0.038-0.050
Expanded polystyrene 0.030-0.038
Expanded polystyrene slab (25 kg/m3) 0.035
Extruded polystyrene 0.029-0.039
Glass mineral wool 0.031-0.044
Mineral quilt (12 kg/m3) 0.040
Mineral wool slab (25 kg/m3) 0.035
Phenolic foam 0.021-0.024
Polyisocyanurate 0.022-0.028
Polyurethane 0.022 -0.028
Rigid polyurethane 0.022-0.028
Rock mineral wool 0.034 -0.042
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1 Steel column

2 Fixing cleat

3 Blockwork wall

4 U-shaped block

5 Concrete poured into special block
6 Rebar
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1 . o American Association State Highway and Transportation Officials Standard
QGHIM) Designation: C 144 - 02 AASHTO No.: M45-70 (1974)

-ull’_

INTERNATIONAL

Standard Specification for
Aggregate for Masonry Mortar

This standard 1s 1ssued under the fixed designation C 144; the number immediately following the designation indicates the year of
oniginal adoption or, n the case of revision, the year of last revision. A number 1n parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.
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4. Grading

4.1 Aggregate for use in masonry mortar shall be graded
within the following limits. depending upon whether natural
sand or manufactured sand is to be used:

Percent Passing

Sieve Size Natural Sand Manufactured
Sand
4 75-mm (No. 4) 100 100
2.36-mm (No. 8) 95 to 100 95 to 100
1.18-mm (No. 16) 70 to 100 70 to 100
600-pym (No. 30) 40to 75 40to 75
300-pm (No. 50) 10 to 35 20 to 40
150-pym (No. 100) 2t0 15 10 to 25
75-um (No. 200) Oto 5 Oto 10

4.2 The aggregate shall not have more than 50 % retained
between any two consecutive sieves of those listed in 4.1 nor
more than 25 % between 300-um (No. 50) and the 150-pum
(No. 100) sieve.
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