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Water collection ring main

Generator and electrical controls Pumped wells

Discharge pipework
Settlement tank
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Pump (-) (:) Pump

. Perforated Pipe  Pumyp Original Groundwater Level
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P Row ol‘-wclls Direction of Flow
Row of wells ‘

(cathodes) (cathodes)

Fig 1 Electro-osmosis Method Fig. 8.8 Control of Groundwater by Electro-Osmosts Methods
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SOIL TEXTURE AND PLASTICITY DATA

No. Description Sand Sikk Clay LL PI
3 Well-graded Joamy sand 88 10 2 16 NP
4  Well-graded sandy loam 78 15 13 16 NP
5 Med.-graded sandy loam 73 9 18 22 4
6  Lean sandy silty clay 32 33 35 28 9
o 7 Leansilty clay s 64 31 36 15
L /\ 8  Loessial silt s 8 10 26 2
= Heavy clay 6 2 72 67 40
n Poorly graded sand 94 - NP  —
B
C
L
C L 1
5 10 15 20 25

Moisture content, %, @
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Impact (33a by ) alakaay)
Pressure (oSball Jdaall ) larall

Vibration (Shaking) J ¥
Kneading o=l

1
2
3
4

2Ll (16) Jsaall (8 (e WS A il al & e aaiad Jaall 48 jla ol o) o

Method of Compaction
Material
Impact Pressure Vibration Kneading
Gravel Poor No Good Very Good
Sand Poor No Excellent Good
Silt Good Good Poor Excellent
Clay Excellent with confinement Very Good No Good
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Sheepsfoot rollers

Tamping rollers

Adae O 2

Smooth-drum vibratory soil compactors

oJ\JA e luda M\J.E.uj SYala 3

Pad-drum vibratory soil compactors DJ\JA ‘UJ‘ j.b.s.u\ ‘L\g.lc Y ala 4
Pneumatic-tired rollers ‘\A gY D ) J\.k‘ Sl aYala 5
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Compactor Type Method of Compaction
Impact Pressure Vibration Kneading
Sheepsfoot yes
Tamping roller yes yes
Vibrating Smooth Roller yes yes
Vibrating Pad Roller yes yes
Pneumatic yes yes
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Material Type of Compactor

Steel Wheel Pneumatic Vibratory Tamping foot Grid
Rock Good Poor Good Good Good
Gravel, clean or silty Good Medium Good Good Good
Gravel, clean Good Medium Medium Good Medium
Sand, clean or silty Poor Poor Good Poor Medium
Sand, clayey silt Poor Medium Medium Good Poor
Clay Poor Good Medium Good Poor
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brick or masonry foundation or strip footing

Timber H-pile Concrete Composite
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Gravel Sand Sitt Clay

< > e ot ><

2mmto 75 mm 0.05 mmto 2 mm 0.002 mmto 0.05mm lessthan 0.002 mm
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GrainlSiz

0 001
Classification
System
Unified #I Gravel Sand | Firnes |:$I|1: and '[:laﬁlr;]
75 4,75 075
AASHTO ¢ Gravel Sand Silt Clay
75 d 05 002
MIT Gravel Sand Silt Clay
2 .06 002
ASTM Gravel Sand Silt Clay
4.75 075 002
5 -
USDA : Gravel Sand Silt Clay
T F 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?2
(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
11, Very soft clay which -an 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—
(see notes 4 and 5)
(D) Made up ground
14. Fills or made up ground —do—

(see notes 2 and 5)
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gispersicon line passing
through s«de of footing

assumed dispearsion

approxmately 45°

t
/ footling projection from
A
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s )% Jas J84 15 ton total load
4 il Jead 4446 g= 5 ton/m?

B ??

A(required)= F/g =15/5=3 m?
A=L*B

B=A/L=3/2=1.5m
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Minimize the
number of steps

Use bars with
only one bend

Optional sloped l

footing bottom Avoid using Z-shaped bars
Fig. 3: Preferred details for stepped footings
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o 4 il J il SN Jaall o) lde mlise yie (slan alasY adigl) avanaill G Luca je Lakaita o ) 1 Jlie
35 Cmsp (sl Gla 5 25 cm laad) dlaw 125 KN/M2 4ol Jas 4346 5 100 KN/m
Consider 1 meter of wall length :J=J!

Load on 1 meter=100 kN, length of footing=length of wall=1m

Required area of footing, A = Load — = 222 = 0.80 m?
Allowable bearing capacity 125
B=2=22=080m ostlaall Gl (=

Biox = t+2h  :dlabad) 504y puonall Al 5 slats¥ (S G gllaall iajall Gl g SUlN
oY) an s h ) laadl dles st alad) e Gl el dad HSTB s

B x=25+2x35=95cm =095m (>080m) o.k
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load per unit length

Width of foundation, B =

B = 112500112%32 =1.25m sl ulad) = e
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Bx =29+2x35=95cm =095m (<1.25m) not o.k.
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A2 d 2 sa )
iron plate ~¢—column L;Sj\ Jasll 3 gae Jany m pe oulial dlal 2 1 JU
| m)d\dmmujzoomﬁqjd\de\
.60 kN/m? &
— peams Solution:
(grillage)

A = Load / Bearing Capacity
A =200/60 = 3.333 m?

=+43.333 = 1.826 m,
use B =1.85m

l

concrete pad

© 2004 HowStuffWorks
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) Anliiae 308y (S8 ezl o PR O O 35)5\4 sl (b ataral A JalaS (soil pressure) A 5l arca Jazae le Jazin o
Baee ) G Ailiall 8 Jaxall (e B 5 3200 V) Cind Janall (g
Lica se e gall day 5 4088 Al el Gubaad! M&;@WL@M&\LE\L}M Lgsﬁ.\su)ﬁ.bual\ Lgu:abﬂ\ Ak ) e
Llia CT)L"SJ Al <l Q_M:_\_a
Q = q1+g2+q3+g4+q5= 800 kN
soil bearing capacity= 50kN/m?

Required area, A= 800/50 = 16 m?

$ ¢ 4

Average pressure, p

p=Q/A , from which the area is found

A= B*L

L=12m, B= ??=16/12=1.33m, use B=1.50m
A=12%*1.5=18 m?

Soil pressure= 800/18= 44.4 kN/m?
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Mat /Raft Foundation

L sbasia Ley 558 A 51 o Jlea¥) @555 055 @
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Total load from structure=W= sum of column loads

Soil bearing capacity = q

Required area of foundation= Al=W/q ‘.ﬁ Olass Lf):‘*ééj\ o) 4 )3 A glas liasa g

If A1 =< available area of structure (A) _U_Au‘y\ dalie )SJ.A
Use shallow foundation

A1>0.6 A use raft foundation JLeal) laaa LA‘G LSJMAM L) Slas Ading
Al1< 0.6 A use other footing types - 60 c;‘ 20 1 QJ\.}L&:\ CJU:‘:’J Z\_dc_ Ll

If A1> A use deep foundation
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When the required area of foundation (A1) > available area (A)

Net added weight= (weight of structure) — weight of excavated soil

Weight of structure= weight of building + weight of foundation
Weight of Building= 1000 ton, soil bearing capacity= 8 ton/m?,

available area=100m?, Required area of foundation= 125 m?,
If 4 m of soil is excavated, weight of soil= 1.6*4*100=640 ton
Assume weight of foundation= 200 ton
Net added weight= 1000+200-640=560 ton
Pressure on soil=560/100 = 5.6 ton/m?
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Collapse Of 13 Story Building in China
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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.



First, the apartment building was constructed !&ﬂ“!ﬁ*&
REHHING
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Then the plan called for an underground iEtE, RENTERE

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
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PILE SHELLS 4ND PILES

€ Sheets—Sheet G

INVENTOR.
P M. Urson.
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Typical Operation Procedures

in constructing a cast-in-place concrete pile with a bell pile bottom.
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in the case of bell plle
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Plug removed
funnel opened

{Transn
( mixer
\-—7/Funnel&
' ipe lifted

Slurry \ / 37

t’m stages
qir WK
a3 Falling b | 4 14
e massof ~H H— 3 13
g3 concrete £ 1 H
- Slurry ] | 1 8] Length of
¢ _ a3 displaced [ 4 F4 14 tremie pipe
Bentonite 9% by concrete  F1 F M 11, in concrete
sy EgS H F }sumc.enz
- N3 to prevent
5E slurry
23 J inflow

(a)Hole ful (D) Tremie pipe  (c) Plug removed (d) Concrete fills (€) Concrete added in

of slurry inserted; funnel concrete Ialls_ as hole at bottom  stages, termie pipe
filled with concrete; solid mass; displaces lifted as slurry aisplaced
funnel opening slurry
plugged

FIG. 11.24 Concreting bsing tremie pipe
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Concrete pile

A=0.4*0.4=0.16 m?
Concrete Pile F=30*0.16= 4.8 MN=4800000N=4800 kN
=20 m

Circum=1.6 m

surface area= 32 m?

Steel pile

F= 250 MPa

Steel Pile
As=0.0192
B=0.14

Surface area = 0.14*4*20=11.2 m?
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Pile Foundation Design

Surcharge

Soft
consolidating
soil

| Competent soil |
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Capacity of one Pile = 40 ton
Capacity of Group of two piles= (1-0.06)*(40+40) = 0.94*80=75.2 ton

Capacity of 9 piles group=(1-0.28)*9*40 =
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Layers of concrote blocks supported by
H-Beam (no. and sizes vanes according
10 required load)

SECONDARY H-BEAM
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Static pile test: incI;grandent Aﬁ)zléed Increase(lrrrxlrsne)ttlement Set:cl'lc;trilent
Design capacity =30 ton (Ton) (ton) (mm)
Test of working pile 0 0 0 0
7.5 7.5 3afterlh 3.0
Load of test=1.5*30 =45 ton - 150 4 after 2 h -0
Apply 0.25 (30)= 7.5 ton forlh 75 22.5 3.5 10.5
measure the settlement (mm) 75 30 35 14.0
Apply 15 ton settlement 7.5 37.5 4.5 18.5
22 5 ton 7.5 45 6 after 24 h or 48 h 24.5
-7.5 37.5 -2.5 22.0
30 -7.5 30.0 -3.0 19.0
37.5 ton 7.5 22.5 3.5 15.5
45 ton for24 or 48 -7.5 15 -2.0 13.5
37.5 ton measure the recovery (uplifit) 7 /-3 3.0 10.5
-7.5 0 -2.5 8.0

30,22.5,15,7.5,0
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Concrete Admixtures

* ASTM C 260: Air Entraining Agents

* ASTM C 494: Chemical Admixtures
* Type A - Water Reducing
* Type B - Retarding
* Type C - Accelerating
* Type D - Water Reducing & Retarding
* Type E - Water Reducing & Accelerating
* Type F - High Range Water Reducing
* Type G - HRWR & Retarding
* Type S — Specific Performance Based

* ASTM C 1017 (Flowing Concrete)
* Type | Plasticizing
* Type Il Plasticizing & Retarding
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Weight of 1 m3 of concrete = 2400 kg
Cement = 300

Aggregate= 2100

Fine aggregate + coarseagg=1F+1C=1F+2F=3F
Fine = 700 kg

coarse = 1400 kg
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Setting Time of Concrete at Various Temperatures

Approximate

Temperature

100 °F (38 °C)

Setting Time
1-2/3 hours

14 hours

Table 3.1 - Recommended concrete temperatures

Section Size, minimum dimension, in. {mm)

<12 in. 12-36 in. A6-7Z in. =T72in.
Temperature | 00 mm) (300-900 mm) | (900-1800 mmi | (1800 mm)
Minimum concrete temperature as placed and maintained
[ 1 |  — | s5°F (13 BO°F (10°C) 45°F (7°C) 40°F (5°C)

Minimum concrete temperature as mixed for indicated air temperature®
Above 30°F (-1°C) GO=F (16°C) EE°F (13°C) B0°F (10°C) 45°F (7=C)

0° to 30°F
65°F (18°C 60°F (16°C BE°F (13°C BO°F (10°C
(18° 10 -1°C) nerel nere nere nere

0° 1o 30°F
-18% to -1°C)
Maximum allowable gradual temperature drop In first 24 hr after end of protection
5 —_— EO°F (28°C) 40°F (22°C) 30°F (17°C) 20°F (11°C)

* For cokder weather a greatsr mangin In tempsrature 1S provided betwesn concrsts as mixed and requirsd rminimum temperaturs of fresh
CONCrets In placs,
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Type D, Type E, Type F “w';-?
Type A, Type B, Type C, Water Water m' Reducing.
Watar Accelar- Reducing Reducing
Reducing Retarding atng and and Reducing. High
Retarding Accelerating High Range Range
and Retarceng
Water content, max, °. of a5 - — a5 95 a8 a8
control
Time of setting, allowable
doviation from controd, homin:
Initial: at loast 1:00 Iater 1:00 oarfor 1200 iastor 1:00 oarfor 1200 ntor
not more than 100 earfer 3 ator 3-30 earter 330 stor 330 earor 1:00 oarfer 330 mter
nor 1:30 nor 1:30
ater iater
not more than 1200 aarfier 3:30 ater 3:30 Ister - 1:00 earfior 3:30 ater
nor 1:30 nor 1:30
lator later
Compressive strength, min, .
of controt-®
1 day . 140 125
3 cays 110 90 125 110 125 125 125
7 days 110 S0 100 110 110 115 115
28 cays 110 90 100 110 110 10 110
(120)< (120)° (120)< (120)°
90 cdays (M7 wa na (MIm< wa (117)< (11N<
6 months 100 S0 S0 100 100 100 100
(Mx© (Mx< (1I3x)< (113)<
1 yoar 100 S0 90 100 100 100 100
Flexural strongth, men,
% controt-*
3 cays 100 90 110 100 110 110 110
7 cdays 100 20 100 100 100 100 100
28 cdays 100 S0 S0 100 100 100 100
Length change, max
shrnkage (aRemative
requirements):- <
Pearcent of control 135 138 135 135 135 135 135
Increase over control 0.010 0010 0.010 0.010 0010 0.010 0010
Retative durabdty 80 80 80 8o 80 80 80

“A The values In the table Include allowance 1or normal varnation In tlest results. The object of the 90 % compressive strength reguirement for a Type-B admibxiure is o
reguire a level of performance comparable 1o that of
“ The compressive and floxural strength of the concrete containing the admbdure under test at any lost age shall be not less than S0 % of that aftained at any previous
10 reguire that the compressive or flaxural strength of the concrate containing the admibxiure under test shall NOt decrease with age.
meoasured relative strengths are greater than the regquirement in parentheses, the admixture shall be considered provisionally

the reference concrete.

Quaified until the 1-year strength lost results are obtained.

7.1.4, % of control Emit appies when length change of controd is 0.030 56 or greater. iIncCrease over control mt appiies when length

€ This requirement is appiicable only when the admixture is 1o be used In air-entrained concrete which may be exposed 1o freezing and thawing while wet.
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Key

1 Length 2 Width 3 Height

4 Bed 5 Face 6 Header

NOTE This 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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Dladlas g 5 st e sasee Jaia 585 1cross joint oo Jmia 3

S e OS5y laall Glah i Jeada g8 5 :wall or collar joint sl Jeie 4
\-- — Cross joint _J\J,;j\ L..SM

closer
f Brickwork Terminology: 2 i
— « Wythe: One vertical stack i
of bricks
-

.| qoms ° Collar Joint. Vertical joint
between wythes —

wall joint —

— toothing \

|
|
|
|

stretcher course

header course
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Solid walls - English Bond

Wall 1 brick thick s

If.-vT.:..“

L“] e This is English Bond. Notice the

L headers ih one course,

: S stretchers\in the next. The
—T queen closer keeps the bond.
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Type A B C
BN.2.1 215 102 65
BN22 215 102 65

Type A B (¢}
PL3.1.1 215 158 65

(dhae jpe¥lae 52022 AUl Caall-dgindl duiglls padl deala



Y
Y _-”" Bata Keral
h Sctengah

Bati Penutup t::,::;‘umi .’

Setemgah .-

- & -~
e . N
SV - . e . o”®
2 > 2 (VP s,
. ’f.‘ Y k: :
k~ . .‘s : -

s‘~ : - ¢ 2 s."f b é-'

~3” - Bata Penutup Atau Bata Kerat Tiga Suku
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~3 7 Bata Penutup
Tiga Suku
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Bats Kerat ™« § - Batu Bata Belah
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\ - raking back

half bat ) \
wall joint — \ ~ €ross joint
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: Q — toothing
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bed joint ——
|ap or half bond stretcher cour.

se

;t;r G stretcher face

header course
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‘Types of Bond da:,ll ¢ sl

Aday) yie AL Clas ) 0 65 a2 Ll (B (3 sldall g la o) ALSES g8 Loy Ly 2y
Dlallasy 4 el jelaal g day )l cenny s Slead e Aa

e, 3 ssbhall Jay 5l o153 Bac aa g e

Heading bond w1 e L)l 1

Stretching or running bond Jshll e L )l 2

English bond 315y sy )l 3



Flemish bond. (Sll¥! Ll
.Bull stretcher bond )& e day )l
Hollow bond s saall Jay 1)
.Garden wall bond 4&aall zlw by,

Pattern bond il oy y
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Running Bond Common Bond English Cross Boad
11 M ——
——— EE
] I - =t e
——r—— =3 U] B
Third Bond Stack Bond Stack Boad Stack Bond
Oversize Brick Streichers Soldiers Headerns
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Brick Bonds
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Note wedged shaped joints
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%/ BED JOINTS

HEAD JOINTS
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O brin

One brick thick, English bond, corner detail
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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* Hemringbone Stretches Bond Stretcher Bond vath 45° Stadk Bond with
contrasting haader contrastng stretcher inlay
and header

45° Harrngbone 45° Stretcher Bond 45° Stadk Bond with
contrasting triange<cut inlays,
with headar

Stack Bond Basketweave 45° Herming| vt

contrasting stretcher Infay
and haadsr

45° Stack Bond 2weaave it Stretcher Bond vath
contrasting colour contrasting stretcher inlay
and header
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TOC Bond wil 45° Stadk Bond with
25tng 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 * Flemish cross bond is a modified Flemish bond
stretchers in each course, each header being in which courses of alternate headers and
centered above and below a stretcher. Flare stretchers alternate with stretching courses.
headers with darker ends are often exposed
in patterned brickwork.
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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 ineach 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 centered on stretehers and the joints
vetween stretchers line up vertically in all

COUraes.
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+ Tominimize 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

N g
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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 \ S
commonly used by bricklayersto | B

build plumbings which allow them \\ - ’
to plumb either end of the wall and build \\

to a line in the middle of the wall. This process is

much quicker than building the wall one course at a time.
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Structural Design of Brick Walls
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(BSI — CP111 : 1970):Structural Recommendations for Load Bearing Walls
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BRITISH STANDARD BS 5626-1: Building Code Requirements
e, W and

Specification for
Masonry Structures

Code of practice for
Use of masonry —

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/ACI1 530.1-11/ASCE 6-11)

and Companion Commentaries

Developed by the Masonry Standards Joint Committee (MSJC)
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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 nary tests
plasticizer (laboratory)
tests
N/mm° N/mm°
1:0to % :3 - - 16.0 11.0
1:%:4t04% 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
e |
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(a) Constructed with standard format bricks

et Compressive strength of unit (N/mm?)

designation| 5 19 15 920 275 35 50 70 100

(1) 2544607492 114 15.019.2 240
(11) 25423536479 94122 15.1 18.2
(111) 2541505871 85106 13.115.5
(1v) 2235445262 7.3 90108 12.7
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Characteristic strength of masonry (N/mm)

26
24 '
22
20 : |
|
18
| |
16 % :
14
12 i
10 - ‘///”“_
8 e ‘/1'/V‘.-P"‘
///'-P”
6 4~
=t
4 A - -
’/T' o) ™ - w o~ - -
(=} anle -_—
o o o o o o o
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 ¢

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. [ (see Table 2(a))
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| strength, %,

Table 4. Partial safety factors for material

Category of
construction control

Special Normal

Category of

manufacturing Special
control of structural Normal
units

Z2) 3.1
2.8 3.5
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Column

Single-leaf wall

Cavity wall

Walls stiffened by piers

Single-leaf

Cavity

Plan shapes

—
1/

bght

It

il —

%%%Z?Z%ZZ/ i

My

(YD

t g
t Y VLA

iz, §

4 /f///////ér

Effective thicknes

ta

t or b,
depending
on direction
of bending

the greatest of
(a) 2/3 (t; +t5) or
(b) t or
(c) to

t Xk

the greatest of

(a) 2/3 (t; + Kt,) or
(b) t; or
(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 7/t 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

MOTE. Linear interpolation between the values given in table 5
15 pernussible, but not extrapolation outside the linuts given.
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Dl
- _ e=0.5t-Db/3
= = T b o7
= — | = ] v |
o — — C—— ] ¢ f _l-L. f?n-
e - Eb3

I
.

e(left)= t/2— t/6= t/3 T e ST

e(right)=t/2—t/6=t/3

M(Resultant)= P(left)* e(left)-P(right)*e(right) .

e(of wall)= M(resultant)/[P(left)+p(right)] 16 ftﬂ 16
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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.
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The wall

Slab

Vertical Section 4.0m The wall Horizontal Section
6.0m
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i s Aol ll sl g 6 (1) dsas e (1

(23 (2) Usan Gasdday) N 3alall & 535 (5 sidall Jalacai) da slia aladinly Cuad oll) Jabezail daglia (2
f,=6.0Mpa -
() ds2a) v, =3.5 o daallsalsall 3252l Jall gla¥) Jabaa (3
((4) ds2> ) t=240mm s Jlall Jedlladl (4
hyt=1.0*H=1.0*%4.0=4.0m W (das sl ,8 55 duilal) ailuall ) Dlaall Jigall gl ¥ (5
et =0.75L=0.75*6.0=4.5m s ((1) @, JS5 e ) Dhaall sl S5kl (6
(sall cand) ) /(OS] Legdl Sisall Jshall 5 Jisall glai,y)) = ddlaill das (7
( BS5628 4ty pll ddal gall s = samsall 2all Gaia 28 5) 18.75 = 240/ 4500 = 48lall 4w o
e=t/2-b/3  ((2) JS& e ) Dl (I aall e J el Jaall 458 530 Gl (8
b=t=240mm, '3 jaall clew Jo€ e aviig caindl ol G o

e e=240/2-240/3 =40mm



((6) s> s ) B A8ail) A g 45 38 5D il Al e glial) (=i Jdlaa (9
18.75 = aalanl Z\:mx o
e= (40/240) * 240 = 0.167 *240 (tola)) Claw (3o 40wi€ ) 40mm = 43S 21
=0.17t
0.2t 5 0.1t Om a8 S 5 20 518 O adi Aaill 4ais (B) Jsas (e @
( Interpolation ) (all JLainy! aladiul cangy 14 o
Al daedl JlSiuy) -
1Al B(20)=0.64,B(18)=0.7 ,(0.1t)4d j

(0647079) « (18.75 - 18) = 0.7 — 0.0225 = 0.6775
(20-18)

1N B(20)=0.51,B(18)=0.57 ,(0.2t)4l

(0-5170.57) , (18.75 - 18) = 0.57 — 0.0225 = 0.5475
(20-18)

* (18.75)=0.7 +

* B(18.75) = 0.57 +



* B(18.75, 0.1t) = 0.6775 and P(18.75, 0.2t) = 0.5475

+ B(18.75, 0.17t) = 0.6775 + 22275706773) . (9 17t — 0.1t) = 0.6775 —
(0.2t—0.1¢)
0.091

* B(18.75, 0.17t) = 0.5865

9 lall (e Jeb yie K el Jeall (10

e P = p Xt Xfr _ 0.5865 %240 X 6.0
- Ym - 3.5

e P=241.3 N/mm =241.3 kN/m

@il e Ji o oS A il Jaall 1A e B (s sl Jlaadl Jsk ol Cua (11
sa laall

* Q=241.3x6.0=1447.8 kN
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Material Thermal Conductivity
(Wim.K)

Air (1} pg&-154 0.0262
Ethanol| (" ra 8158 0167
Aluminum alloy 360 (7 pg 1227 150
Brick (2 bk 2382 375
Carbon Dioxide (! ra &154 00168
Copper 7 pa i 390
Cofton 2 #be 2282 306
Diamond (€ sbie 2352 5300
Glass wool (1 e 12202 0005
Granite & 1=t 382 579
lce (1) g 12202 55
Lead (") pa 12132 3E 3
Limestone or Marble (") ra 12-204 10
Paper 2 =0= 2322 TR
Rubber (@ =tk 262 55

S gt (2 stk 2382 =1
Sawdust (7 pa 12204 306
Silicg 12 sb= 2382 13
Sand (7 ra 12204 a3
Soil {dr};j [Z) table 2-222 052
Steel (stainless) (1 e 1221 T
Water (1) pa®-2 06




TYPICAL THERMAL CONDUCTIVITY OF BUILDING MATERIALS:

THERMAL

STRUCTURAL AND FINISHING MATERIALS CONDUCTIVITY
AMays Check man VRaCIITers Getds - vasaton wil GICw Sepeadng on pIILd and 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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Masonry cavity wall

perspective view
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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, 1n 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) 2to 15 10 to 25
75-uym (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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