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Title (1) Five Members
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Typical RC Frame Building

Footing
Column
Beam
Slab
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Roofing (do not include in this book)

Building structure 00&9en 280> member ()90l dloowdi $3l05(o) footingt $3105( j)column
$0l05(p) beami $3l05(g)slabi $0lo(g)stair & $3l05(6)roofing Sl Roofing 0@ RC cpdomgp:ad
8003660 copduegeoon:dlon RC member (§))9030 22800 highlight cpd[Gseezaonsdlonudi §0lod(0)
footing §ewSi footing colen column §eudi column( j)9§odE: beam 3gS0ud beam( j)eqpEs
Sloowod (g)egpe:§qt slab cB§aewdi Breom; 0o8c06500800603 0:d stair c3conwudi Slon RC
building structure ¢oo§egd member ()93 §edeecv:dods00560:001

Structure 830200333[G006:90500538 weogdIZ coslonerd Structure 830x:EerV:E0R:EVIERLSI
e@%:emzoo@@saqﬁ?ogomscﬁcﬁ&u

"Structural Engineering is simple in concepts, but complex in details.”
Residential Structural Design Guide : 2000 Edition

Structural Engineering is simple in concepts, but very complex in details.
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Title (2) Load Path

Building structure 0063990 (occupant)apeop (furniture) o?leooooeogoo floor slab cAl »
Fg2ad:65(0300001 38 g aqp:dao) (live load)eogd), weight cop3 finishing 9850303 topping qud
eloglgpe(ad)dleonieayd, (superdead load or additional dead load)eogo? floor slab a$0o0di
o0[GE50500¢S beam 033c0s000dI

Beam Gopon (0)294), own weight () slab &, own weight & slab oolg§e0:cd0503 eeedlC:
load: (p) walling sp058c00:qC brick &), superdead load ¢o303 column 830380005 column oo
(0)opsaadlon column ( j)beam codaoogy load 6og03 $680oE[G: 0od[G €50 footing
Bo3deoses000di footing 0603360l 0o ogjanaoy) dead load+live load 320:00:03 dee0nC(Ge
6§005a020002003209E:§e5005 soil Bad[g§eocuionudn P3dc805qE qEsaznindl

slon Gravitational directional 8203¢:8:908:6503 Load Path Aldi slodsae[gdlgEoncdop
qo588qE Engineer Eye qogs8i 9505 member oo 90050332006006(Gs 900Scdsaeqgoficdedom
2808 oqesHeoepBiotiytelgpecydoioomiondgss condesot SkgiCdlonudi Tension,
Compression, Moment, Shear, Torsion, Axial Point Load g3gleog[gonadqonudso000[gegé
68000P36Godn 0PA5AlERLS . . F38 vMEeoRAB [§E00B3m Fedl Poe[PFOFZBLOGCLEIIECDE:

Structural Engineering is complex in details dlon Structural Engineers’ Eye 3soo5ecooy&dgpi
Load Path

The structural frame must have enough strength to securely bear the gravity loads throughout

the entire life span of the building.

- An adequate load bearing system is based on a continuous load path throughout the structure:
- The slabs carry the floor loads of each storey.
- The beams carry the loads transferred to them by the slabs as well as the weight of the
walls seated on them.
- The columns carry the beam loads and they transmit them to the foundation.

- The footings (foundation) carry the column loads and transfer them to the ground.

Structural Engineering is simple in concepts, but very complex in details. _
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concantrated knads LOAD
TRANSFER

distributed loads

000)368000533300094), load path o extremely complex Ol pown-Design ¢o load distribution
00503326l 32601 006 slab §, weight o 683005060q52200603 ©eEPAHPAIIEOELS COML)
Real structure ¢ooo partially 2a4),000056epoScn§Eamdgja Brick walling cog03 beam
630305805008 slab s8eeepadaonopad vreocoELEd oMmLdmB[gEenmn brick weight cogon
slab 8803 on:cn8Eomjp 00[g¢ 020[g¢ redistribution of forces, partial composite action,
substantial load sharing case cogsaqpgBs §oleani0005 329[goo:a3dm Basis Ali cogpsoms
eopEianeoy level 0350:00058600gudeqEom:0m8 Simple & Basis 0300005§05000:3lon0di

The path through which loads are transferred is known as the load path. A continuous load path is
capable of resisting and transferring the loads that are realized throughout the structure from the
point of load origination down to the foundation.

As noted, the load path in a conventional home may be extremely complex because of the
structural configuration and system effects that can result in substantial load sharing, partial
composite action, and a redistribution of forces that depart from traditional engineering concepts.

Structural Engineering is simple in concepts, but very complex in details.
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In fact, such complexity is an advantage that often goes overlooked in typical engineering
analyses.

Further, because interior nonload-bearing partitions are usually ignored in a structural analysis,
the actual load distribution is likely to be markedly different from that assumed in an elementary
structural analysis.

Reference: Chapter(2) Structural Design Concepts, Residential Structural Design Guide 2000

STRUCTURES AND FORCES

Structures are buill to support a load
Tha load may be a vtatic force or a dynamic force

There are & main types of force that can act on a structure:

COMPRESSION
h a squarhing lorce,

BENDING FORCE

¥ & pushing farce,

CENTRIFUGAL FORCE TORSION
Hoan outward foros Trom & Wpinteng objedl s & vwhiting fores,

Structural Engineering is simple in concepts, but very complex in details. _
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Title(3) : Basic Structural Loads

Question: Load &30 omadadee:ql . . .
Answer : 0§ . . a3e[glogomgpdlondd . . 0poddlendS . . devend

08 . . 83020020031 0§ B0 Fec§Ed . . weight Ol Sled o200 weight o3 [gdeooCdI
Gravitational force s30) ogradsmielopEl 320:d:d Newton §, W = mg sdomeao:od
a3esG:000: & equation coosn Weight § mass §, difference o33[gesdloncdi

FBodelgords305§,3e60:g$0 112 Ibs covzdlonwdi Slon aygradsaeloyEa
W =m.g
m = W/g = 112/ 32.2 = 3.48 Ibs 000§CloncSi (Slon opgradsme§oresepenodqtd)
g3dlelo¢ dodesgeogaden 8odoygqiCoyaneapfat oawredsmin§o; cereelgCeniydlgd
C00e[gdfgd 09050323 3a[03e0:ad0ddl Bodmyesdld8ecdal . . . Aon

Question: Load 900556§sfcdc8eesqt . . .

Answer : 326[g8( )§sd §oloodd . . (Direction geaongeaqgadodomal)
(1) Gravity Loads (sacgude|pqE) Vertical Loads

(2) Lateral Loads (s20gude|gpqE) Horizontal Loads

Structural Engineering is simple in concepts, but very complex in details.
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Building loads can be divided into two types based on the orientation of the structural

actions or forces that they induce: vertical (i.e., gravity) loads and horizontal (i.e., lateral) loads.

Vertical (Gravity) Loads

Horizontal (Lateral) Loads

e Dead (gravity)

e Wind

e Live (gravity)

« Soil (active lateral pressure)

e Wind (uplift on roof)

¢ Flood (static and dynamic hydraulic forces)

¢ Snow (gravity)

e Seismic (horizontal ground motion)

¢ Seismic and wind (overturning)

e Seismic (vertical ground motion)

Vertical Loads

(1) Dead Loads (Own weight caused by gravity)
(2) Super Dead Loads or Additional Dead Loads

(finishing on slab, walling on beam, steps on stair, trees on roof-garden, water tanks, etc.)

(3) Suspended Loads (ceilings, M & E pipe lines, sign board, etc.)

(4) Live Loads (people, any vehicle, furniture, other movable things, etc.)

(5) Construction Loads (Concrete mixers, Back-hoe, Concrete pump, etc.)

(6) Rain Loads (Natural loads)
(7) Snow Loads (Natural loads)

(8) Temperature & Shrinkage (Natural loads)
(9) Impact Loads (Accidental loads, falling of lift, etc.)

e
Ii : {

L }i_ |
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i . |
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i - o
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Dead Loads(example)

Structural Engineering is simple in concepts, but very complex in details.
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Live Loads(example)

Structural Engineering is simple in concepts, but very complex in details. _
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Construction Loads(example)

Structural Engineering is simple in concepts, but very complex in details.
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Fire or Temperature Loads(example)

Structural Engineering is simple in concepts, but very complex in details.



MilLimetRe-Training & Design Group

Impact Loads(example)World Trade Center was attacked by 9/11

Horizontal Loads
(1) Wind loads (Natural loads)
(2) Earthquake loads (Natural loads)

(3) Soil pressures (Natural loads)
(4) Water pressures (Natural loads)

(5) Impact Loads (Accidental loads, hitting by vehicles, etc.)

8¢n 00d960% egpdqeen Engineering o $6a00w050l3 i Classify apdonudadom point of view
3§:§jzfi0loo0dn Sl loads coge? Direction point of view 2263030502 . . ©05qagudaddl
6§205@000EdGE F[gqQe - - loads s3om (p)§E§dlooud dlon eogpEaenlep:dc) G6d Arthur
H. Nilson &, Twelfth edition 285603 326[g8[G:gClooudi

(1) Dead Loads
(2) Live Loads

(3) Environmental Loads
(8 Environmental 06%,0 E.quake, wind, snow, rain, soil, water, temperature, impact, etc 390?$5)

GOYOIOPGOGOIDYPEGPE §EC0EE0ROMNE concept 0od9adw:000dad coonadimad
006§ 8023l 00005607 36000053002:§gE | GLIONDE0c5LSN Structure ¢ concept
30pedli g:ndacudieloype: voplogdlopa 1S} . . esNOdcdOOMEIDY "Structural

Engineering is much much more than crushing numbers(calculation).”

Structural Engineering is simple in concepts, but very complex in details.
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Vertical Loads

Gravity loads act in the same direction as gravity (i.e., downward or vertically) and include
dead, and live loads. They are generally static in nature and usually considered a uniformly
distributed or concentrated load.

Thus, determining a gravity load on a beam or column is a relatively simple exercise that
uses the concept of tributary areas to assign loads to structural elements. The tributary area is the
area of the building construction that is supported by a structural element, including the dead load
(i.e., weight of the construction) and any applied loads (i.e., live load).

Wind uplift forces are generated by negative (suction) pressures acting in an outward
direction from the surface of the roof in response to the aerodynamics of wind flowing over and
around the building. As with gravity loads, the influence of wind uplift pressures on a structure or
assembly (i.e., roof) are analyzed by using the concept of tributary areas and uniformly distributed
loads.

The major difference is that wind pressures act perpendicular to the building
surface (not in the direction of gravity) and that pressures vary according to the size of the tributary
area and its location on the building, particularly proximity to changes in geometry (e.g., eaves,
corners, and ridges). Even though the wind loads are dynamic and highly variable, the design

approach is based on a maximum static load (i.e., pressure) equivalent.

86w qilgpson Structure Sl cpeogon load Al

AFPLIED LOAD

A

.5'T‘FEUCTURE-

LOAD BUPPDET

Structural Engineering is simple in concepts, but very complex in details.
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Lateral Loads

The primary loads that produce lateral forces on buildings are attributable to forces
associated with wind, seismic ground motion, floods, and soil. Wind and seismic lateral loads apply
to the entire building. Lateral forces from wind are generated by positive wind pressures on the
windward face of the building and by negative pressures on the leeward face of the building,
creating a combined push-and-pull effect.

Seismic lateral forces are generated by a structure’s dynamic inertial response to cyclic
ground movement. The magnitude of the seismic shear(i.e., lateral) load depends on the magnitude
of the ground motion, the building’s mass, and the dynamic structural response characteristics (i.e.,
dampening, ductility, natural period of vibration, etc.). For houses and other similar low-rise
structures, a simplified seismic load analysis employs equivalent static forces based on fundamental
Newtonian mechanics (F=ma) with somewhat subjective
(i.e., experience-based) adjustments to account for inelastic, ductile response characteristics of
various building systems.

Flood loads are generally minimized by elevating the structure on a properly designed
foundation or avoided by not building in a flood plain. Lateral loads from moving flood waters and
static hydraulic pressure are substantial. Soil lateral loads apply specifically to foundation wall
design, mainly as an “out-of-plane” bending load on the wall.

Lateral loads also produce an overturning moment that must be offset by the dead load and
connections of the building. Therefore, overturning forces on connections designed to restrain
components from rotating or the building from overturning must be considered. Since wind is
capable of generating simultaneous roof uplift and lateral loads, the uplift component of the wind
load exacerbates the overturning tension forces due to the lateral component of the wind load.

Conversely, the dead load may be sufficient to offset the overturning and uplift forces as is

often the case in lower design wind conditions and in many seismic design conditions.

SELE WEIGHT

MATURAL LOAD VSEFUL LOAD

256q1096C . .980602pwanddop: . . [§Eonodundadat oyeshad, 03uSaBEm Load copddn

Structural Engineering is simple in concepts, but very complex in details.
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Title(4) Simple Design Basis

om structure J[gdlgd c00deepaden) strength cood Design cpdoonzo} strength
358 Equudi poedEHdHELLSBleonI GoaEIM WILOSOGLNOSBECS . |
006GLM0dI:. .$66LM0I:. .800dENOHE 900gE5RAREDCD . . 2O . . AdC:.
.0C00D00DO:. 30D BoEesC Design cvdqEdl ofEdgEeomnt odeso30pe0R
RsPdu§esnt [Fopioneuicoiqewdn Slon Structure Design Basis cdlgpi

Design Basis § Design stage 60303602 8058005460000 83lS:§poon:ileanionddi
Structure Design co60000ed0m0§) 65005ed: Result oo concrete dimension (b, d, h) § steel
cross-sectional area(As) gpooodldn Sle[oypé Design 0gob03326] 328mcdqizac(yon

Design Basis

The single most important characteristic of any structural member is its actual
strength, which must be large enough to resist, all foreseeable loads that may act on it
during the life of the structure, without failure or other distress. Therefore, it is logical to
proportion members, i.e., to select concrete dimensions and reinforcement, so that
member strengths are adequate to resist forces resulting from certain hypothetical overload

stages. This design concept is known as strength design.

8¢ Design 030503324l material properties o333a(godeanudcduqeoo:a actual
strength o3sa[godsa0wadion: ceodacdndengpadoyodudi concrete compressive strength
o3 0.5(006005)a83 90005 steel ultimate strength o3ead:0pa Fs = nFc 20 6550
0D:00200001 Slon3gCee050300:q:303 elastic strength design i 3396005¢0e0
ultimate design strength o33200:qp:Sloocdn Slad concrete compressive strength o3
[gpd3a000d:600:0lop 0.85(85%)033 d:0001 steel ultimate strength o3ead:ops
Fy(yield strength)o33 2520000

Structural Engineering is simple in concepts, but very complex in details.
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005 method 3992032 3280000602 OAEEPARLLY loads Gogond 0yes503
design cvS0o:0) member eagen JG:d§Eesqoloud dodeon esnadonsrdecywme
a8s00§z0m0d0n0gesdleonnuudi example 006¢08c053ed[ge c8qE:a3dlgCendl sagm

beginner 6oR32030538 member size 6oR03 ©£08gE: (Preliminary Sizing) 035 sa8mee

aonelonedepi

Design Output Concrete Area Steel Area  Differences

Actual Design Strength Ac (Fc) As (Fs) used 100% strength

Elastic stage Design strength | Ac (0.5Fc’) As (Fs) used 50%F’,, F.=nF'))

Yield strength Design Ac (0.7Fc") As (Fy) (0.5Fc’< Fc< 0:85Fc’), fs =Fy.
Ultimate strength Design 0.85 Ac (Fc") | As (Fy) used 85%F '}, Fi=F,
Point to remember:

(1) The ultimate design strength is based in the scope of this writing guide.

(2) This guide is helpful for preliminary design only, not for accurate structural calculations.

(3) We strongly recommend to use this guide only for those lower than 10-storeyed
reinforced concrete buildings.

(4) In other words, we prohibited using this guide for high-rise buildings.

Reference: Chapter (1) Introduction, Arthur H. Nilson, Design of Concrete Structures

k

Design of

BN CONCR
= Structu res THEORY AND DESIGN  SIXTH EDITION

-MANASEER
WILEY

Structural Engineering is simple in concepts, but very complex in details.
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Title(5) Footing & Foundation

000esd: 22800 member (4603 footing o3ee|gpe foundation § footing
3693260l 03 0gC:dloudi Engineering Term ¢oodeondqpagp:om Site o3¢
[a$erqlge8odeom seedlmeedl o eapesdlonudi oomudon structural term s2qsd footing
on footing . . foundation oo foundation Ol

Visual point of view 33[g€20602050 §q€ ground level 6sa00500 member gansd:0
foundation Ol retaining walls, basement slabs, short columns, footing beams, footing, pile
caps, etc., 320§ao[g¢eql

footing o3 . . . Plie cap odadomaneony foundation sd03 Sub-structure (elges005
structure) o3cn 228053>3E:60:000983 Foundation Engineering s3ox Engineering §,
920000 0[03:00690l 03ud[g§Olond . . 0qesHq Benspdeonieanteried L ClgSEdlops
2683260l 6000053 gE:ctie0i000:0l000dI

Sewsgfiodelgeupddl . . Q - foundation 000Ssd§foloocs?

Reinforced Concrete Foundations

Foundation: The lowest division of a building or other construction, partly or wholly below
the surface of the ground, designed to support and anchor the superstructure and &ransmit

its loads directly to the earth.

One Engineer = One Formula

oqesSe5705008ear03e03560903 20056c5e0Se8860773200708632288007:
Ge0icS poSoomicosdad 0yes503 Engineering ¢ oouSmacfgarcsesd safg ())§EGoocSH
9088 j§p8c3e3603p F 00Bea0s0Be1 320705 . . 65863238 0033 03036500
0066070503 00d§jEadoOne engineer = One Formula = Same Concept o3 830304l

Hansen anood§jgadVesic 0ood§je . . Meyerhof mods . . powdcodeoqqg -
@pe32E[go>0panoddie . . apontafaionobdj: . $8eo a3gaboptiy saelge
qQeeBaaspdrepigioncdonadeieogqadauechi sdlaon saéqERomeagd, saapbeagéionbedh
8ooBpoaqS e5005008Eiqes?E cobecSaoimoySacal

Structural Engineering is simple in concepts, but very complex in details.
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Structure 83020 20900DEPENIGEARCDI0Y ID2GOA KoM OEPositive § Negative

§joood Structure ¢ positive moment & negative moment §ooodi 2000006 PO GRS
ooudi Structure ¢ short column § long column §oo0d . . 020y . . . 326[gd category
56§ Classify cp&c3qdloncdi 38600, coneonmee:d) ce:gh: Q - foundation 000556
§e3sBat s20fgon ())§p§lorcSh ool member aogumcd sageSrag: GrBGAocSy

Shallow foundation & Deep foundation . . Sl

Classification of Foundations

Foundation Depth 036¢€ Shallow . . $05q€ Deep(gc8602; 3:2[gEa3c3uqone)
Structural Division 32q depth of foundation 630005 footing width o0 j cood[05:qE Deep
CliFoundation depth oo width §, jsocooSqpses(§edqE Deep Foundation cdodson:00lG
Structural Engineering ¢o 0an&:e0R03 062000adAl3I 00| Design oosp6e0g¢n D/b ratio o3
1.5 333100051 [P - . 328qiE80me8070300860065006§N0BuSGERENBGESA

Two Types of Foundation

D < 2B (Shallow Foundation)
D > 2B (Deep Foundation)

Where, D = Depth of foundation
B = Width of footing

Spozad Diezp
Frating Froafelafing

® Shallow vs Deep ~
Foundations m% T [T

— A deep foundation 1s one LL{ |
where the depth of |

embedment 1s larger than g
2X the foundation width.

Structural Engineering is simple in concepts, but very complex in details.
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Footings are structural members used to support columns and walls and transmit their
loads to the underlying soils. Reinforced concrete is a material admirably suited for footings
and is used as such for both reinforced concrete and structural steel buildings, bridges,

towers, and other structures.

[

Footing sdom 33680005228¢06 wupcdopa Structure 03&:wn saeqEaa|r3red:323E:AdI
nudsaepesdFooting eoonadgooudecon Footing cogedeC foundation o§Eopu foundation
08EQE PoBELNSE 001 CYSCE 3agdI 9DdZREPe ©onRD[GoR: IPodao[gEoomiepateomnt
onentecy§oonudecon Sloo Foundation § 8a6qg03:900[gdcd footing 6ogd) seeqedladion

footing colen column or wall §eud Gravity Load Path 32q033260 03100003 load 6og0?
underlying soil 883coz000di footing 900556§Egclooci 0d:632038: ( ))§jEfoo0Si

¢
(A) Natural footings (2092008p05[4d) 20000m6$0B:60L:00:03 6[g[o3: Soil
(B) Artificial footings (op56800053305[4d) single/ combined/ mat/ cap/ etc.

Natural footings(coomoegos)eogeacioypCimneo; Geotechnical Engineer ¢picden caoaond
oyes5neoxy MES(Taunggyi)os 03jesH80epondeunad(gdoy soapdiaesIE(PE-geotechnical)

2012 December 0p8:0 20€e0xe:03 Soil is a very complex construction material.

"Soil @800 FacpSencngp:0) construction material 0odgjs” 3o Bdleoosoncdi Artificial footings

GORMGO . . .

Types of Footings
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W

Strip footing Isolated footing

P

Stepped footing Combined footing

Structural Engineering is simple in concepts, but very complex in details.
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Mat foundation

Pile cap Column

Shallow foundation s26[o3pE:3 s28cneependli single footing ac3qE oofgp: shallow
foundation saeo3pE:e0mE Sonspdeaneonieruimedieoo:dlon: Deep foundation oo
Geotechnical Engineering & s005003looudi oqjesdan basis Seqges03 avmudonddqEapeoy
o §00560padl Structural Engineering ¢o eogiodgneorpeodadeqdonapi

Structural Engineering is simple in concepts, but very complex in details.
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Foundations

* Foundations are structural components used to support
columns and transfer loads to the underlving Soil,

Foundations
I

|
Shallow

Isolated Combined Strap wall Raft
footing footing footing footing footing ———

Deép

Caissons Piles

Types of Piles

(a) Bearing Piles (rest on hard stratum soil)
(b) Friction Piles (doesn't rest on hard stratum, friction force between pile & soil is critical)

(c) Floating Piles (rarely used)

Refer to - Pier & Pier Foundation Analysis and Design, Peter J. Bosscher, University of Wisconsin-Madison

Footing a8020 3680005208600 ewpcdopa Lamp-post ecbo3Eeogmane Structure
0300 326q832[0F:00:33E:A01 900d3aepwad Footing coonadqoaudecorn Footing o
08CqC foundation v§Cona foundation w§EE Super-structure cSe§Eopa Slon Foundation
§.226q[Beqon[gbed footing cogq) seeedlaoldi [§Eoncbucdada oqesiold,clgeconadom
o503, foot = footing Glow

Structural Engineering is simple in concepts, but very complex in details.
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Step (1) Find the required footing area.

The permissible pressure on a soil beneath a footing is normally a few tons per square
foot. The compressive stresses in the walls and columns of an ordinary structure may
run as high as a few hundred tons per square foot. It is, therefore, necessary to spread

these loads over sufficient soil areas to permit the soil to support the loads safely.

Not only is it desired to transfer the superstructure loads to the soil beneath in a
manner that will prevent excessive or uneven settlements and rotations, but it is also

necessary to provide sufficient resistance to sliding and overturning.

Footing Area = Superstructure loads/ Effective soil bearing capacity
A = (DL+LL) / Qe

where, Qe = result from soil test by a well-qualified geotechnical engineer

For example only,
DL+LL  =500401b (22 tons),
Qe =1 tsf (soil test)

Note: these values are used for example only.

Footing area=22/1=22sq. ft

For square footing, B =L = 4.75’

Use 4.75’x4.75’ square footing for 22 tons loading and 1tsf bearing capacity.

footing area = DL+LL/ Qe
DL+LL = unfactored load o3 (software o3 00?05 Hand Calculation §0R050005c3dl000d)

Qe = soil test result mqalewS . . cgEdoegd soil test awqdlon: . . coemE[PFAloWdI
Soil 830 acgSer0GPoy construction material o8l agedagudiendqdlon: . . . soil ¢
32609P53202:03[03:0l00051 200300250300 E super-structure member ¢o33a3E:wn safety factor
o 1.4DL, 1.7LL 020[g¢ 1 point something 3§Alooudn sub-structure/ foundation 3o
soep[Bdip8cvccbenzpdeaqed 1.5 to 3 03§dlonud oyesSo3 BE on: foundation text book o6
Safety factor oo 1.5 to 10 BB§8Eclonwdn Terzaghi, Meyerhof, Hansen, Vesic, 003 Geotechnical

Engineer [03:qpzq), Qgoqp:e26) recommendation ¢u:0:3l oogpoxan soil test cnagdlecdi

Structural Engineering is simple in concepts, but very complex in details.
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If recommendations on allowable bearing pressures are not given by geotechnical engineer in

the soil report or what is given in the report is in doubt, the structural engineer must determine
the values of allowable soil bearing pressures by using well-known procedures such as Hansen,
Meyerhof’s, Vesic’'s, SPT(Standard Peneration Test), etc. and good judgment must be exercised

to select an appropriate value.

Step(2) Estimate the footing thickness.

To resist one-way (beam) shear and two-way(punching) shear by concrete strength only.
From past experiences, footing thickness, h should be equal to the larger of column
dimensions. For example, if column dimensions which will rest on the footing are 12”x12”,
this footing thickness should be about 12”.

Single footing thickness o3 Column width 8563&:0pc8053l Economic o[gbeoecd 8odqiqdlonud
One-way(Beam) shear 22030566p! Two-way(Punching) shear 33030566 safe [§9dooudi Code
2005605000:0200060%) 200SBsbuad 3o505:ad: 5 WNSE300GaEAWdI & CvndereongE
footing c3eeslaogolon

Step(3) Check minimum reinforcement.

As =p.Ac As =p.Ac

As =(200/ Fy).b.d As = 0.002bh (for grade less than 60ksi)
As =(?) sq.in As =(7)sq.in/ ft

(Considered as Beam) (Considered as Slab)

Point to remember:
(1) Reinforcement area considering as beam is controlled as As(minimum).
(2) Minimum thickness for any footing is 6 inches according to US & UK building codes.

References:

Structural Engineering is simple in concepts, but very complex in details.
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Major procedures for constructing large diameter bored piles

Footings 6o3e30 saedlon Super-structure load 03eep 68330500 Soil pressure 030
2[Food:desqo) active member cogdh :a0:00[g¢ caqiC/ ©§03E:003zgS$ed sa6dlon Super-
structure design 900560056028:607¢E: footing o E:qE [Gea0ldn don footing 6og0?
eegBeed: 3800 member [§daeo0} Fa6[opCigCiondgioddldn 8odolentospsacomtaads
footing 03[qdladqg oqesdeacgodoneon; [yEoodengo) Picasa (Leaning) Tower qudi oqesH03
[45608EEen§ 03 saco€anqudonepseogd, unknown footing design ¢oRAldH

bR A )47 2

Structural Engineering is simple in concepts, but very complex in details.



MilLimetRe-Training & Design Group

Title(6) Column

Columns are mostly compression members designed to resist axial loads transferred
from above. Columns, the vertical members in RC buildings, contain two types of steel
reinforcement, namely
(a) Long straight bars(called longitudinal bars) placed vertically along the length, and
(b) Closed loops of smaller diameter steel bars (called transverse ties) placed horizontally at

regular intervals along its full length.

Vertical bars g"’ff“’ dnes I
Larger diameter steel mmf =T ’a’;:.e;: ‘?9 esm
bars that go through EUEIE IR T 51T

loops and are placed at
reguiar intervals along the
full height of the column

the full height of the
column

Vertical
Spacing

Figure 3: Extra links are required to keep the
concrete in place — 1807 links are necessary to
prevent the 135° tie from bulging outwards.

Figure 1: Steel reinforcement in columns — closed
ties at close spacing improve the performance of
columns under strong earthquake shaking.

Types of Failures

Columns can sustain two types of damage, namely axial-flexural (or combined compression

bending) failure and shear failure.

Step(1)Types of columns

height of column, H < 12b  (Short columns)

height of column, H > 12b  (Long or Slender columns)

height of column, H < cross-section of column (Short columns)

Structural Engineering is simple in concepts, but very complex in details.
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height of column, H > cross-section of column (Slender columns)

ghad.ps :

Slender Columns(Example)

Step(2)Size of columns

(a) Beam size (which depends on span length, see in Title 3 — Beam)
(b) Number of stories (in structural term ‘axial loads’ from above)
(c) Minimum column size for seismic case is 12"x12".
e.g., For 18 span length, Beam will be 12”x18"(see in Title 3-Beam).
For strong column-weak beam effect, use column not less than beam width.
In this example, use C12x12 to carry B12x18 as a minimum for a top storey.
For lower stories, enlarge 2 inches floor by floor, C12x12 to C14x14 to C16x16. In

this way, you can easily guess the suitable column sizes for the lowest storey level.

Step(3)Reinforcement limits

(a) ORMF and IMRF , use 1% (minimum) to 8% (maximum)

(b) SMRF, use 1% (minimum) to 6% (maximum)

OMRF = Ordinary Moment Resisting Frame (100% cutoff is permitted)
IMRF = Intermediate Moment Resisting Frame (50% cutoff is permitted)
SMRF = Special Moment Resisting Frame (50% cutoff is permitted)

Structural Engineering is simple in concepts, but very complex in details.
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References: Earthquake Tips . . Chapter(20)

ACI-318-14, Refresher course and Field reference manual for site engineers and inspectors, U Nyi Hla Nge

Structural Engineering is simple in concepts, but very complex in details.
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Title(7) Beams

In RC buildings, the vertical and horizontal members (i.e., the columns and beams) are

built integrally with each other. Thus, under the action of loads, they act together as frame

transferring forces from one to another. This tip is meant for beams that are part of a

building frame and earthquake induced forces.

135° hooks in «

adjacent ;
Stirrups on
alternate sides

Horizontal
Spacing

The ends of stirrups
are bent at 135°,
Such stirrups do not
open during strong
earthquake shaking.

6d, (3 in.)

Figure 24: Steel reinforcement in seismic beams.

Beams in RC buildings have two sets of steel reinforcement, namely

(a) Long straight bars(called longitudinal bars) placed horizontally along the length, and

(b) Closed loops of smaller diameter steel bars (called stirrups) placed vertically at regular

interval along its full length.

Structural Engineering is simple in concepts, but very complex in details.
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Types of Beams

(a) Superstructure Beams

(b) Sub-structure Beams

Super-structure(Construction Points of View)

(a) Main Beam (column to column)

(b) Secondary Beam (beam to beam, or column to beam)

Super-structure(Structural Points of View)

(a) Singly Reinforced Beam
(b) Doubly Reinforced Beam
(c) T-beam

(d) Deep Beam

(e) Wide/ Flat Beam

(f) Other Irregular Beams

Sub-structure Beams

(a) Ground Beam (carry loads)

(b) Tie Beam (to connect piles/ footings/ columns)

Step(1)Types of beams

Rho (steel ratio) < 0.75p,, (Singly Reinforced)

Rho (steel ratio) > 0.75p, (Doubly Reinforced)
Table-A4(Design of Concrete Structures, Arthur H. Nilson)

Design Moment < Actual Moment

(even used maximum As, i.e., Doubly Reinforced Case)

Step(2)Size of beams

(a) Depends on span length, L ~ h, e.g., 1" ~ 1" Reinforced Concrete Detailing, John A. Baker
(b) Over 20" span, 1’ ~ 0.9” Rule of Thumb is recommended to reduce D.L.

(c) Minimum beam depth for any case is 9 inches.

(d) Beam width is generally 2/3 times its depth, b = 2/3 x h

Structural Engineering is simple in concepts, but very complex in details.
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Step(3)Reinforcement limits

(a) p(min) to p(max) ACI-318-05 (or) Field Reference Manual and Refresher Course, U Nyi Hla Nge

(b) Poin=200/F, (or) % Table-A4(Design of Concrete Structures, Arthur H. Nilson)
3

e.g., For 18’ span, L =18’
h=18"
b=2/3h=2/3x18=12"

For preliminary sizing, using main beam B12x18 is suitable for span 18’ long.

For secondary beams, they should be smaller than main beams which carry them.

Step(4) Shear Reinforcement(Ties)

Use 10mm stirrups,
Smax = b or d (non-seismic) and b/2 or d/2 (seismic case)
Smax = P/8 (p = perimeter of stirrups)

Smax = 127

References:
Reinforced Concrete Detailing, John A. Baker, and ACI-318-05 (or) Field Reference Manual and Refresher Course, U
Nyi Hla Nge, and Table-A4(Design of Concrete Structures, Arthur H. Nilson)

Structural Engineering is simple in concepts, but very complex in details.
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Title(8) Slab

In reinforced concrete construction, floor slabs are used to provide flat, useful
surfaces. A reinforced concrete slab is a broad, flat plate, usually horizontal, with top
and bottom surfaces parallel or nearly so. It may be supported by reinforced concrete
beams (and is usually cast monolithically with such beams), by masonry or reinforced
concrete walls, by structural steel members, directly by columns, or continuously by the

ground.

Step(1) Types of slabs

(a) One-way, Load Distribution Slabs
Loads are distributed only in one direction, one arrow sign
(b) Two-way, Load Distribution Slabs

Loads are distributed both in two directions, two arrows sign

One Way Slab Two Way Slab
- One way slab is supported by beams in only sides. - Two way slab is supported by beams in all four sides.
- The ratio of longer span panel(L) to shorter span - The ratio of longer span panel(L) to shorter span
panel(B) is equal or greater than 2. Thus, L/B >= 2. panel (B) is less than 2. Thus, L/B < 2.

- Main reinforcement is provided in only one direction - Main reinforcement is provided in both the direction
for one way slabs. for two way slabs.

()

cinilengineerfonum. com

Mﬂﬁm th"e - %}y{’/?&?ft’lﬂy %jﬂi/{y @ _@(&jgyn &Xﬁ(}é (@ ((auigr é

For more explaination by Myanmar language, visist www.facebook.com/millimetretaunnggyi

For e.g., 15'x15’ room (dimensions refer to effective spans, i.e.,, beam o beam)

Structural Engineering is simple in concepts, but very complex in details.
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L/B=15/15=1 < 2 (i.e. 2 ways load distribution slab)

For e.g.,, 15'x5’ room (dimensions refer to effective spans, i.e., beam to beam)

L/B=15/5=3>2 (i.e. 1 way load distribution slab)

Point to remember: The real difference between 1W and 2W slabs is load distribution
direction and its deflection.

(1) Sometimes, even 1 way load distribution slabs can need two layers of reinforcement, i.e.,
both positive steel and negative steel, for example, in stair, inclined slabs.

(2) Just for knowledge, the ratio is considered by 3 (not 2) in ancient design concepts.

(3) There is no by-heart (sparrow study system) in structural engineering.

Step(2) Minimum Thickness of 1 way slabs and 2 way slabs

Table 7.3.1.1—Minimum thickness of solid nonpre-
stressed one-way slabs

Support condition Minimum A
Simply supported £/20
One end continuous {24
Both ends continuous /28
Cantilever £/10

(UExpression applicable for normalweight concrete and f, = 60,000 psi. For other
cases, minimum / shall be modified in accordance with 7.3.1.1.1 through 7.3.1.1.3,

as appropmnate.

For 1-way slabs, L = shorter span

For e.g.,, 15'x5’ room (dimensions refer to effective spans, i.e., beam to beam)

L/ B=15/5 =3 (one-way slab)

h=L/24=5/24=2.5<3",use 3" (forsimply supported case, loading is 10 kN/mm~"2)
For 2-way slabs, h(minimum) = Perimeter/ 180 = 2(L+B)/180 = (L+B)/90

For e.g.,, 20'x20’ room (dimensions refer to effective spans, i.e., beam to beam)

Step(3) Reinforcement Limits(Minimum)

Structural Engineering is simple in concepts, but very complex in details.
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For less than Fy = 60 ksi (is suitable Myanmar), As(minimum) = 0.002 bh

Since slab is considered to be 1 ft width strip (b=12"), As=0.002x 12 x 6.5 =0.156 sq. in/ ft

To be easily, that (sq. in/ft) means 0.156 sq.in =1 ft(12")
If we provide No.3(10mm) as usual 0.11 sq.in=7?
As =8.5"c/c

Maximum spacing for 2 way slab, s = 2h and so S(max) =2x6.5=13">8.5"c/c

At least As (minimum) should be provided for any case, use No.3(or)10mm @4”c/c spacing main steel
and 8” c/c spacing distribution or temperature and shrinkage steel for 6.5”two ways slab.

Step(4) Maximum Spacing

Smax = 2h or 18” (for 2-way slabs)
Smax = 3h or 18” (for 1-way slabs)
Point to remember:

(1) ACI code recommended Rho(p) = 0.004 should be used for bottom steel, i.e., 2 times of
As(minimum) as we used in above example.

(2) For 2 way slabs, both shorter and longer directions are main steel, i.e., effective depth, d, is treated
as an average effective depth for both directions in structural design.

(3) That is why, one bar diameter construction error in steel detailing work for 2 ways slab is
neglected often.

References:
Design of Concrete Structures, Arthur H .Nilson and ACI-318-14, Chapter 7 and 8

Structural Engineering is simple in concepts, but very complex in details.
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Photo- Visual inspection in Site for 1-way and 2-way slabs

Structural Engineering is simple in concepts, but very complex in details.
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Title (9) Stair

Stairs consist of risers, treads and landings. The total steps and landings are called a staircase. For
structural analysis, each flight is treated as a single flight and is considered supported on two or
more beams. The landing extends in the transverse direction between two supports and is
designed as one-way load distribution slab. Among many types of stairs, we commonly use
Double-flight stairs in Myanmar. The structural behavior of stair is similar to that of a one-way slab
supported at both ends.

Step(1) Types of stairs

(a) One-way, Load Distribution Stairs (Loads are distributed only in one direction, one arrow sign)

(b) Two-way, Load Distribution Stairs (Loads are distributed both in two directions, two arrows sign)
Point to remember: The method is same as in one-way and two-way load distribution slabs.

Step(2) Waist of Stairs

(a)For both end continuous case, h = L/28 = Inclined Length/ 28 x 12 = (?) in

(b) Inclined length of stair is calculated by Pythagoras’ Theorem, 4* = B® + 2.

4

Effective L = Length Effective L = Length

Step(3) Reinforcement Limits(Minimum)

Except for negative steel, the method is same as in one-way slabs.

Structural Engineering is simple in concepts, but very complex in details.
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Point to remember:

(a) One-way stair, here, is considered because this type is mostly used in most constructions.
(b) This is only general use for preliminary design.

(¢) This shortcut way should not be used for inclined length more than 12 feet.

(d) Structural engineering is simple is concepts, but so complex in details.

(e) Please don't hesitate to ask and discuss with MilLimetRe-Training and Design Group.

Behaviour and reinforcement of
one-way staircase

lower fiber

lenson zone

The deformation and the cracking due to flexure
(which at this figure are presented magnified), are
similar to those met in the horizontal one-way slab,
and therefore the necessary reinforcement is also

similar. m

To be continued...

Structural Engineering is simple in concepts, but very complex in details.
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