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Table 2.2-1 Classification of Normal-Weight Concrete

Minimum Maximum Water/ Air Sl . Specified
.. Aggregate Per Size .
Class of Cement Cementitious Content Compressive
Concrete Content Material Ratio Range AASHTO M 43 Al Strength
(ASTM D448)
Ib/yd? Ib per Ib % Nominal Size ksi at days
A 611 0.49 — 1.0in.to No.4 57 4.0 at 28
A(AE) 611 0.45 6+1.5 1.0 in.to No.4 57 4.0 at 28
B 517 0.58 — 2.0in.to 1.0/in. 3 2.4 at 28
and 57
1.0in.to No.4
B(AE) 517 0.55 5+1.5 2.0in.to 1.0in. 3 2.4 at 2p8
and 57
1.0in.to No.4
C 658 0.49 — 0.5in.to No.4 7 4.0 at 28
C(AE) 658 0.45 715 0.5in.to No.4 7 4.0 at 28
P 564 0.49 —b 1.0 in.to No.4 or 7 =6.0atP
0.75in. to No.4 67
S 658 0.58 — 1.0in.to No.4 57 —
P(HPC) —° 0.40 —b =0.751in 67 >6.0 at®
A(HPC) —° 0.45 —b —C —C =6.0 at
e_?oquJOrSu

(00) AASHTO M 43 (ASTM D448), Table1-Standard Sizes of Processed Aggregate olao3¢:
(a)m$w§(ﬁmq|lﬁogé oaorgcforgooo:ql(ﬁ:aaq
(0)33$e§a§: o']oéqepé ogcof)e@ oeoca:§§ ecpooae@: sggdﬁo% ooqjlcso'] se@o:aaqésaeog:
ODUS?USQJ(TS§C§ (7%(7380@06]% Gg:q@éll

Table 2.2-2 Specification of Aggregates

Size Nominal Size, Amounts finer than each laboratory sieve, mass percent passing
N Sieves with Square |100mm| 90mm | 75mm | 63mm | 50mm | 37.5mm | 25.0mm | 19.0mm | 12.5mm | 9.5mm | 4.75mm | 2.36mm [1.18mm
o Openings (4in) | (3%in) | (Bin) |2%in)| (2in) | (L%in) | (Lin) (3/4in) | (1/2in) | (3/8in) | (No.4) | (No.8) |(No.16)
90 to 37.5 mm
1 (3 %101 % in) 100 {90 to 100 - 2510 60 - 0to15 - 0to 15
63 to 37.5 mm 90 to
2 | Owtoivin | - 100 | 7o) [35t070| Oto15 - 0to5
g | Xp2omm - - - 100 |90t0100| 35t0 70 | Oto 15 - 0to5
(2to 1in)
50 to 4.75 mm
%7 | @intoNo.4) ) . - 100 [95t0100| - |35t 70 - 1010 30 - 0to5
7 el - - - 100 [90t0100|20t055 | Oto 15 - 0to5

(1% 10 %in)

37.5t04.75 mm
467 (1% into No.4) - - - - 100 |95 to 100 - 35t070 - 10to30| Oto5

25.0t0 12.5 mm

5 Lonm - ; ; ; ; 100 [90t0100| 20t055 | 0to10 | 0to5
gg | 2o0085mm ; ; ; ; 100 |90t0100| 40t085 | 10t040 | 0to15 | Oto5
(1to 3/8.in)
25.0t0 4.75 mm
57 | i tonody | ; ; ; ; 100 |95t0100 - 251060 | - 0t010 | 0to5
g | 190t95Smm ; ; ; ; . 100 |90t0100| 201055 | 0to15 | 0to5

(3/4 to 3/8 in)

19.0t0 4.75 mm
67 (3/4 in to No. 4) - - - - - - 100 | 90to 100 - 25t055| O0to10 | Oto5

12.5t04.75 mm
7 (172 in to No.4) - - - - - - - 100 9010100 (40t070 | Oto15 | Oto5

8 (%/Zti‘:] ifg;"'g) . ; ; ; ; . ; ; 100 [85t0100| 10t030 | 01010 | 0to5

Source: ASTM D448
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C C C oOC < . N C C C N (o] C C
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2 :73(\)86@9_]0:
ortland 250006e0 Gl 20036029|00q:&C ODOD
Portland 93coSe(goopS AASHTO M85 (ASTM C150) &) 0005¢053)05qp:e¢ 030508
695 (¢6(8:1 blended hydraulic cement s8¢ AASHTO M240 (ASTM C595) o86up05
(ASTM C1157) & a30523qepdi

ass C ass o0 C NS0 MOO||OQP:ORC 2000000

Class P(HPC) §¢ Class A(HPC) op§onqdcdsé ongoofasenqSgpioge 0005903
co%@)ooo:oaé (rg$mq§qp:3908cﬁch§cgjé Type I, II, III Portland ogméc;@ omed
em%esmé:eoeoao Type 1A, IIA, III Portland ogmée@ (air entrained portland cement)

r?c? Type IP, IS blended hydraulic :Bmée@orcé(ﬁoao of?:qeéu Type 1A, IIA, IITA Portland

m§ofadoogScdogé  00decSeud(goonnpdms]l  Bewrod  @0ScSonocd-a8c8am
AASHTO M 85(ASTM C150) & 0005¢053j05¢p:4¢ 030580008 @20505070088§2005
BooSefGapic} op:qepSh

scofesmnSiencr BeoSagodop:aops egepapicyS wegfaes: ca§BEics cogpgad
BooSefGap: capogoopinps wsligd Eiemoraps wemasdichymmor wean0Ses
& opleaps: 3805388:qpr30905 30d:(gjo0pd Beodelgen epSaopd 360503883
30007053 0054028 02p5:000522p3 BoSef§oon G qeeS

Class P (HPC) §¢ Class A (HPC) ;psmqoqp:aeogadi o3code(gas mespenonogps:

NS o] [o]

. [ < ° < C < ° N
(admixture) qp: 3OOORC: §|I ©§ GOFPCO$ @o?:@lelo_g o]ocogp_o:qp:s@o:cq:@q
< Q e.Q <, Q . Q < o ¢ Qe e -, 0¢
0R§MIEOLGOICIO  OB:CEPOO0RGI: [;)choqepju oomoe@ OOl 390505300
(o] C N < ’] [o XY C C C o C N < C N C
324|300 e@oc:moo@ 328l07C: PO6:cEPO0H oooee@lc?ooo og§mq®ccooc:@c:
e@moq I
AASHTO M85 m ooo&fogooozcooo ogcof)c;@sfaqj’psgoo: ) qoll:o% @2 Q.0-0 ogcQ:

N <
GO’J@OO’J:OJ@II

CS-4



Table 3.1-1 Types of cement are categorized in AASHTO M85

Type For use

Type 1 ara@o:aracﬁlxsgmquzsﬁ :Iaogzqcugoogo%qp:orof ec\%sa(sooésae']é o{):oaén

Type IA Typel 0‘%39(39]05%0:33@& em%emé:coﬁ 0%39503@?395@ of?:oaéu

o S A% < o [: C o ¢ o CoOC <
GQ)U?Q?JGDO[(}Q O?.OD@II queOD OC 0000000 @0.3@08%06}_@

Type II < ¢ O < < C 0 <
3’30’)§3’9&)Q Q?G’DOOD@G’BS']Q O?:OD&II

Type ITA Type I Q%sgés?_lcﬁq]o:sa@& GC\)%GGQOE:GO? C\cﬁsaéooéagaqé O{J:ooén
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Table 3.2-1 Specified Quality of Water other than Tap Water

Items Specified Value
Suspended solid Less than 2 g/l
Chloride ion Less than 200 ppm

. . . Less than 30minutes for initial setting,
Difference of time of setting for cement . ) .
less than 60minutes for final setting

Ratio of compressive strength of mortar More than 90% at age 7days and age 28days

N

< < < < Q _ ¢ ﬁ
OCC\)ODGQOD& 3903(\3000(\3?(; GGPOOQHOZG\

9203007 [S3e0gS: ggooqdel eqapd
é%éqém:o%:oo(ﬁﬁo% chpq?é:eo@é:?é @oqééﬁ(ﬁ) chrgq?é:eo@& o%e@ncf: plain

(o] c . C < < (o] ° Q
concrete &?Q‘)JCOC OCCD(DGG].O? 333?39@'_60)(\?0’]"

QR esponzaca: (FINE AGGREGATE)
q|o$ogc°: 380‘38000 ao$a']easocf)cqoop_§ cepadgp: 08 % (mem:qj’%a@o:@é) §cfsgoo05

<

o’]oéooé espmor% eeponzacao: (Fine Aggregate) 0p ooo&forgooén crg$mq§eq|fgooe@

le]

le]

eepoozaeoo: (Fine  Aggregate) qp:ooé AASHTO M6 &) wo&?ogqjcﬁqp:?c;
o C 9 <
REQEESA L

CS-6



26 eepoom(03: (COARSE AGGREGATE)
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N r Amount of
Amout of water absorption surface water
Water contents

Figure 3.5-1 Water-containing State of Aggregate
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: . Amout ter absorpti
e Water absorption ratio (%) - Amout of water absorption 10

The mass of dry state

. Wwat tent
e Water contents ratio (%) = e %100

The mass of dry state

Effective water absorption

o Effective water absorption ratio (%) x 100

The mass of dry state

Amount of surfacewater

e Surface water ratio (%) x 100

" The mass of surface dry state
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0.9 MINERAL ADMIXTURES
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N < s (o] < OCo C C N < <
0R$q® slump test limits gp:0R [§§eo§ccogc GRODMOOPOVPY structures g:3000

(o] < <
W:mo:oogo]oo@u

Table 4.4-1 Normal-Weight Concrete Slump Test Limits

Type of Work Nominal Slump, in. | Maximum Slump, in
Formed Elements:
Sections over 12.0 in. Thick 1-3 5
Sections 12.0 in. Thick or Less 1-4 5
Cast-in-Place Piles and Drilled Shafts Not Vibrated 5-8 9
Concrete Placed under Water 5-8 9
Filling for Riprap 3-7 8
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MINERAL ADMIXTURES
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6.9 AIR-ENTRAINING ADMIXTURE ¢p:8¢ CHEMICAL ADMIXTURE ¢p:
ceudeané:coq§00:6000 Air-Entraining Admixture qp:s¢ Chemical Admixture qp:o3
Specifications 03¢ 0005¢05000:00p5303E: 0d:gqepdt Ba(0E apgaqden workability
o3 03:(6¢q§4¢ R§ S SoopSaq]s (setting time) o3 c(goé:cdq§320305 Quality Control
Engineer o §&[goop3aslogécopS: o Admixture gp:a3 30d:(0§Ea0pSH

CS-14



sas$: 9. ooéeaoocrseq:aegsao)é (CONSTRUCTION PLAN)

5o CONSTRUCTION PLAN c836g05 (PROGRAM AND PROCEDURE)
pSomeSmesonnSmBep:  mpSesncdeq  pdcdioSopdi conSeogesonndcuda
cx?csc.§:q_|o: [;9508$:me0q$ 000630: cng)qeéf 33035@0 Construction plan c;q:a@@é:oé
BSaoeSH
Construction plan eq:agepogé cm(rgcqéeq:cqf)c%gé (Site) &N GQG@GQG§I 326§32000:
qp:o% sge@é@: c;aooof)c\?f)eé C\?5c§:®éqp: (procedures) c?é:mé:qp: (methods)

< < N < < C oc Qo CN
GRODMOPOEPIONICOI G IZEPOIMCIQCICECEP 069§3¢ (safety management)

o _¢

< o _¢ (o] < o ¢ [\ < O < c o0 O
MGMYOOD  COGEPIICOHORKE QVIV0VCI0§IMIC FPOIRM  §PIIGOGE):  OPO0YM)
0305905 [c}goc%:sﬁ C\??saf)oaéu Construction plan or°f a@:@o%epogé Project Manager 200

N c o¢ ° c Co < < N N <
M| ODO‘D&?CGTD 0200869 SQCQIC§>OJOQPZI o§ooe:q|o:m01 O’]OCQGgII 33%203@900

(S

<

$

< < N o ON < N oCc O¢ < < < .

REMEOYOCH:GP: OO6IFROFC FEPOIPEIP:0§:2060:§ ©60:00]|00 (quality control

test) agefllzsgm:r?cf: 39@§G€1I ogé:oogoiﬁ 398390)@ OD(TSOD%GTD'.’({P:?Cf q?sraémzl
< < ¢ C < N < < N Q < < N N < N

MREMED  GYPOOERY  §PO:C06:I @veoeg POBOPI  RGOVED emc:@c::;@

< Q c_9
G:qr): | OOOQ)SQG%O(T)GQE({P:

-
(©s
0

C N ¢ O <

32000:206320C @)lC\EO@CH OQ@ZO?GC\POCG
c O O ° [\ (*] < NS N Qo OC < ° < :

(DOD@U%(T? Q:@mqﬁ C\?SQOG&@DOD@II ®@(TJ§:O’)®?C\?:GQO’8(T) Construction plan

. O o < N N
outline (7? (E 3.0-0080 GOOE:)@O:OD@II

| Planning and Design Stage |

Clarification of requirement Design
*Required Condition for structure ~ — Drafting of basic plan — +Design of structures
-Specification of the Works -Design of classification of concrete
J
Execution Stage | 1

Making of Construction Plan

- Detail construction plan

*Management Plan ) ) ——— > Execution of concrete works
(Quality control, Construction period, Safety, cost etc.)

-procurement of manpower, materials and equipment

Figure 5.1-1 Outline of Construction Plan in Project

CS-15



9

JJ°

mefgdooeomonep:anoseod(sé: (DETERMINATION OF BASIC CONCEPT)

?G@Oé:@%(ﬁ%ﬂ%@&)’) GBO)DG’DQJ(TSGQC\)(TS({P:I ODC?GC\{I’S?$(’D$OD@(: survey GlCDé({IO:O’%
° (Q Q N . cC ¢ @ OC ° (o]
@G@S[g:l 39[9:&70’) construction plan GQJ?ODQC ®Gm§:®ﬁ S’BG[§SC>.)GUDOODGPZO?

o _¢

2005905 ifgodqepdn  cpdegigs @§00030dg qpoSpopmelgmesi [goeqeqpcieq
P53 Belgmes R8evsss elgqedgogiimasmesqp: oxpdesap Begac0d:
(208108109808 Goqico0Si cresedurnt e[S seson0SmSgp: 0a3pS) 00008 63000
32q|0Smo03qpi03 BoBogoy 9esonsieomaSupqendi  BonuSempssdenns s
c03[30] onpSes0naSeq: maFamessdSap FgSmaoosqpianpS cs00sapSeq: cpSeiqp:
& opoqedodt (o[l eqpiaaeog:t emiaagapad aadiqé:g e00pdc} meuT ofodfed
Ba:003eqpe5g fegece(ons [sdoopdn apicsiglel megmes 02d95|c:803 cjody)
95c§:88 9gE[gEconpamqdqpicopS: opfgrcla@epdn cpdedigl egepel cdesonqpi
oBmq|eoon 3g|odacndqp: (§olon) o3 Construction plan eq:adep 03¢ eaogqpgn copdagt:
03:100:qup31 G0gaa0di08qe0S BeEd caommyimeaSypich cmaoSops cuS[S
000100081

OD@OOGQG@S’BG§QJO:§C§ URg/OCDg/G[é(ﬂOS?OQgé[;)é 396@39&)026”0:390: 056&):@8:

spBpoymelgmesqp:

C\)Oé O%GUL)US G%@é@ﬁ{éjgl (%:qucj%()%ml GC\DO%OSi%:I GT)&%GQC\%US E:QO%GGISG?US §§

39[%’33 200000 396@39&?6{]0209]_) GC\QQ)OGO)’JOSQRQQ&QII

C [N N Qo
clog0ds0228[08 08 mesz>C:

[N N [~] co _¢ . [N [N N N C [N .
0QOC§:9C F2§:000QM geotechnical &C e@q]oo?oogc@c QOORAEOQP:§C materials

(o] N Q <

({IO:I Q(TSODOéOD%GP:(ﬂO:(Y? ODQ)(R(@G@OCQ% C\)(S:Oﬁi:GQG@GQGﬁ)U%(TO.B @é@éo}o} CQOQXD

C <
®®Geo:€1@au

2cGe§38¢a8Eep 2005903q)03qp: (Employment Conditions)

0?8030:39839’): Smé |oo'J:<§ga§ém 33205105 (Condition of Manpower Arrangement)

o T T O

¢ ..<

oooe@:go C\?80$:§c°: ssccnc$woq|o:ooé C\?(SC%:S?(SOBQP:I o°>é08$2 Outline; 8é08.§:

Q . Q e . Qo 0 [:LO, Q¢ QO .
398&)3900.I oaaeaoomeq.momogcre 326|99|0: C\?S@OGCDO O.?OCDO.SQEHPSQO)’LI

CS-16



32663209051 33520p534]§1 0000 ©20(6é manpower schedule 20305 3e[gdz808
busic plan o cnpspapeds @il maepiade Fepdarm ot
ale:oqSepdariendlss cpbor: egamdgaacigmesd @oops(gqepdi pocigéesep
32§:00080503¢  qpdaag)c: [0pd800p] ogS:ag€apSom: equlmi ogd:agEapSan:
ofong 80038 09 BcopSonpstanidy

9.J.) oopdesmnndea:onduoaepiqP:adCep 200590dqodqp:  (Condition for Construction
Machine & Equipment)

C C N (N (o Xy C N C L)
SO0 OECE):RMDWOSEREQIT OLOVIEE:IVCEP 2000000 g|o» (Condition of procurement of

construction machine & equipment)

N < c Co N < < hY C oo oc < <
(\?OCt?:gC SQCQIC§(DJODQ C\?OODO:@CWJ‘.’ @(DOZGGF%OD@ (L)O)S’BO?C'.’ GWD(D(\?OGGF

opSediop: eadunpuogapiqp: [gpdsopdigaacgod basic plan of eqpagqs cfebospd
oRSchigs m@§ioqioyéopd aoGecqPoopy eodanpadgapiqp: qdi§cyr afi§coond
P6q0305 000 P3PSy BB eogeal BoRS[G|qupS Gapdoopy
0030280p:qp:0} 0pdeigl m§:008303ed0g ouSupgleqiSoopiesyi ovdupeq:tEep
geomda050} [G§c0pS 04:oad(81 endeagepiocdepqs seamiia: safgaiondesapapoy
§Pegas opievqepd

9:JR oorcdaes0003mB gprafcep 220390dq)0d

<

QDOOD[§00 tSGlQDOI Gaoooocx?oeq ﬂ 8§ Gﬁ (BO)?C O‘)&G@GPI 33(\?0&)@9 /O§CDG 6T)Cff

o]

o _¢C (o]

390800 Q@e: (Layout) 0? ®®®oom9m@:c9]m Layout Drawing o) e« egeo qeén

Formwork, timbers, falsework, scaffolding gp: ooo@ 0003 C\?oc$ ooo?ooog?sd :®

le]

<

GQCTO)OO OQDORGGFGQO)GQO)&O? Gq:&gq@@ll qc:og@:qp:ssogm OQDU)?U)QJ(D

o . [e) c < o _¢ C C <
(Specification) | Q130021 IPCEII0PND OOP)  FEAIO0D  FF|OIICOMGPE 0RO

le]

3‘5?0(5?38 c\?oepj cel~oo @ooemcooﬁqp | oopBogc oa 1005 9QP: :c0lopé ad:0 §§e§wé
sgogom sgccﬂc.§masc§§c; oéoo.?:ooocq@ sfae[zy)c:@o:m qwé§0f construction

N Q Q Q < o ¢ 0 [N <
orders §CS’9I’.B OOOORGQ: 390390)8 GQGOO:@OO(T]_) OOOCODCEQD@II

CS-17



IR

[ " c Oo¢C C C C
2002900070§:0QICIVC D 0TI

13 T =}

2090003080984 cpguodogioySamest sfiofj:a00deqpadgqp:a} 030:88: xoagudas
§¢ eaqpol:eoq3m0a3 osslgl sppdodl erocopBS:g efgedanieq padpos:g! [goeq
P20p20:g 000p) Sioqiqpio}  eo0GadqPRP giederean(d: (38§Cesdear eagR
§Ew0600 6p8o0pg es02Eg0dgiodg:afes? [glopdaepdu eaonndepden:cpdediy eoniogod
ogpSiqp: (860008 ele[Biqp: 2§qdaRGeze mfadqp: e0opd eaiogadogadiqp:ad
0§00 ggodqepy ¢ecqear §pdi00igp:0} qgod(Gii condecgoyGayafeRcaod
cpScd:gSq o§eodiqpiam: cdgp:cod:0} cogdfgao:qepd

[ C C
0RO poe3gpP:! pg&[?)o:a]mep:

13 —— O =

Construction plan ooé [§$eo$§éeﬁ oocﬁa?e&peoesqp:l 93$@0:q|<73qp:(73 C\%orgf%oq

Q__ ¢ <
C\BSDOOD&II

eoo:sra%q)cﬁmézﬂézeq: 8éa§§cﬁ (Safety Management)

GU):@%GPOS(DE:ﬂéZGGFS@éGP 8@8%%??0? 33@0330&?2(5 ooéogé:@é:m:q@éu
Qﬁﬁ@(c:)é:()‘% szagc%spogmézﬂézeq: moﬁ@ms?éogémé: GG’S[(:)CDO:OD&QII

con:oagapolon:qlian: Boodag 285007 cq:agepopéi covimgepudmdiqlieq: s§eep
Booop3 apS9d:q0303 c0od §ewyod 4807 qpodardaopdi

200030] caommaaSmnsqp:aad mpSemnadeqimomssaypasaiel 8658341
sapSaacog: 8§:088:61 corimaepuSmi:gSigad 86038:ah cp§oqe8oS BeqpaSgaaccT

0 C0 ¢ < c .9 oQ ¢
o?ooq_]oo ODOOGGpmﬁ §leOOQeIll

CONSTRUCTION PLAN o3¢ cud[gqep3aagiadqp:

N < < Q < . < C. < <
%?@Q@S@G@O(‘DS@BQP:S@OB(D Construction plan UO)C 39@838?: GSQ’.)("DOWSQQJ(D({P:

< <

O]Oéﬁl(séll GS’BO(YSO’O)EGOS)@)CDOSQDIESS’BQJ(YSQPZOQB C\?(SC%:@(S?I O§(I)G:€:ﬂ0:l @C(Hég&)’)qp:

30olmod sgo:cx"?: oSeﬁ @:méooo:qeé@ogooén

Ze]

CS-18



990 GaoochQ?aeq:c\?ﬁc$:a$§ep @@ﬁzc{l&eors@qlcrs (Outline)
39@9000539§ s%fll:saoaozl QoI 390%5:39000| ooéeaooogeéec?cpl C\?50$:oeom 39‘?5‘?][8'

O’DéG&DO(TSGGF(T)OCD Uol)o0$ G@S@q@éll

9. c3mdeonmagmesqp: (Requirement Condition)

¢ Oo¢ ° N N [N e . [~] [o DY oc¢ [N [~
MWVCER D 0IQOIF Qs (Specifications) celoenlonicoToficzl loptcoTolok oooeeadc:«»sﬁ
[N
¢

o O C < < < [o]

weamesqp: 00p33 coSBeupSt SmmaSe8sHdS:0seq:Se cwass

[82:40:q1051 03201030} 092006 2003903 qepn
9 0pSesnr0deqiancy (2gj§ens:)

BocB§iomcor pdodi(sdogdiofionady §ERSqpn mesnoSnl  odeqtidemcyad
can0ScpSes timing o303 00SeSqupS Materials qp: 58 o0Scogepiqp: 00S09a 888!
[B§copSomoii(g§cy wegomconiqpr epodpopmelgmesqp: wclwol  espoodcpden:
@jgean: wedl sofj003eqpodgfops cfedeos wyoSmeociqp:n} weecso:

Ca:00p ooogec\d:_pogc\?: @)é@é@@ ooéogé: oé:@o:qeén

< < Q < o¢ N < L (o] < < < <
0OPOGIVMIGE): F0I 0P| 3]|§evx:coopc Critical Path 03 9005¢0500¢20p01

935 REoqBogad:qp: cdadooplosoan s§ed:apa3qiodfeé:a¢ oadapen:gpSicrs:
BoSefd eepon (aggregate) 1 admixture 1 3:[BpS adeqpiiqp: 3mSarpd ved!
2130011 2005536851 0050y qfepSesepl curaySiengonad cuSapeq: coS:e@RS:qp:
SloSarp$ 0uSugeq: §05:c08:0303 coSfBepS 0uSareq: §p8:008:03 28203 syaopdamd)
qfiepdoeomad  opigepd oeomnamogad  eaodgpind  @0gliapl:  goSondionéas
swop:c§aadarpdi smaSefandadeard powo Beodegoops [p3feden Becgataoa:clon

o Q@ < cQ. Q SMme <
qugoqjoo@. 3’3(\3030‘)(? CHOOOD.OOOOGOJOG@OQ @90)03&"

CS-19



9.6 can0dopSeq:apbegiod:  0oSaBquoogp:l  woaePiqP:RRed  BBBoSsE  cpadan:

Bd20d

0) eanndopdeqiapSesod: 005 wog:qP:aS 0RS:0QUO4P:PAR05 BB

cpSc§:03a20g)05320305 0j05p8a0p] es0o03pGee:pSediod: @01 P! LOgAP:qP: SN
»:300:8¢ specifications 1 33a600p5 eaE0R051 §6:6500EqPS1 3293:(0|epSa00EE
GE:03m0p05 Baadeonn m8moigp: (arrangement) o3 coogpg> ced(Qeepd Structure
3wgoSmen:l Structure 0o69gC:8e1 005680005603 6§,6§005308E 0P5EE00563
00000303 e[g8(G:1 0031 002P1 LOGAP:GP: B§eP]EO%EGI 02680CHORIRROS EBEPO}
cq:a3aepdIl REMaOScsioopd eaoniesod §5s3C:qulmI REmS structure &
BeposReag:ay iskigpigp: 08§03§Carpge0305 arrangement plan  qj: 002:a>Ga0pSI
0051 0ogapiqPiaiadial 00w 03903equnol: 30pc: KBeqpadgol Bodqgol
copiofigo s qEnd weio plopbioiend Bsodoyepapor B nchcs
Gaooégasqeéu o0 GOy eHT6E e‘?epqlooo:ﬁaaoo)sao)é §4ﬁ00§ Appendix 2 ogf: G@%@
002:20031I

cpSoonimarnimdaeos (Manpower Arrangement Plan)

Manpower arrangement plan ee:a3000:qepS1 Pile coScs:i [c6:005c:1 prestressing
apSc§:i e[gon:cpSc sl psanadi Girders ¢ Cross Beam gp: oosoCespg|a:cpdes:i
oqip3odeng: 0a[ge RocigaondmRcind BmapimytilgpaBecn ogéiaycagdoo:i
ocglaonodiigd cgbororiqpind ofiemiaf Gmdorgdt grombodioios
e§6pg|a00:e00 paaCaiaea0R033203C: 9§320(8: 0picsiapdesqjgordengpadal:
BSee(C:cdeoqod Baeqmozadmo3c: 00:qepdi @apSooenigp:ad crbe§:acy

BoSgose§oondlm  coSefiglofoodin  maySooennsiqii8maed  pSqend
209858 cgqp03 SoScoiqfad wSecyBoond Sadie cp08SaSm0g05 cgoSeoSrs:

(] < <

eqro00:qs OmS00p5I @], 6800050056 p6c§:33C:qpia0300  sub-contractor
¢0:0lon sub-contractor &\ 865§3¢3230005 W3E:86953600% AB3$:90q81 (03:(30a§

¢ o < <

390305 Q?$ 390)9_5:39@0:&{10: (e‘%o)@ SDOOfgtDéI cooé) @lcx?f)q@cx?sgow@u C\?oc.§:qp:

CS-20



Q < < C [N Sy Ceo, N N S eeQ,, NS, 9
(\)(‘DGO& SQGOOOCS’BCIJQGO’J c;aoocg_ooea OOOO:?@:.’G)%?° gﬁog:q@g@o@u go@ceo?

Construction plan ogf: ooéogé:eqza@qeéu
96 rrg$mq§cq50$:q|ozsaorgcﬁ CONSTRUCTION PLAN

gjcondgersriogs apqmqocedesiqpiaacgas construction plan of %oe | @ 3l
cooifloogSi oggn odBaySofiqpimcgod plan BSB: oyf oodeeo w[3ors:
s6a0005%8 0pSc§iqimonad plan GSoopdi
9.G.0 0ou3crbc§igpiaacynd 38w (Temporary Works Plan)

wfiorSimemnodndep:  opSeanoSepaps  Cofferdam  qps axoc8eo000Seopd
opScgiqp: (falsework) 1 96305 coScs:gqp: (formwork) 1 wadeqp: ondsolesepy|ac:
(erection) qSioScodigp: moSes0dGs: 0m0p3 wodeoScfigpianss  Bf3oos:
esncSndyp: opSewnoSenmoged Sedeos cpdcfiqp: B8ckopdl cydedigs
egmooi oodwapiqp: 885 ool sl wrcBcudedionseg:Bmogos
coSeaqfSoopd plan qp:cd oS:eorqepSi axcBeadediqp:iaage Plan asd copSeaoaber:

[epplaw] 0?%(7?]08103?(3 GU):G’D%&T)QSCDE:%&ZGGIZO%G’BGOT O%O’SGOJ(YS CDOSGGP(YS? ﬁ&)éll

C\?SC%:gé 398(”8$(DO§§&308(7) 39(\)’.)20&(\?80$:(:H03(7% (Yglé:()’.?_]éﬁ GDG(%“SQ@L Q_PSG:D’D

N cCo N (N ° C C N c
@@o:s@cmcq?woqp:?com@: COGO06ID GIY:CEIHQ: e@oam (elsionTetenteb]
9.G.J Structure Works Plan

Q. OC ’] < < < ° C < N C Q <
(DG('D?:O GGDOODC\POG@ Structure 3.)’3‘.’0?839030’) GQG(T)OCSQCDQGG’JGGF 390390)8

3

C cC 0 0 . < < < < (*] < < C Q
039§|C:007 construction plan 0RC 320pCOPRIRC:60R0II QGO Structure oooqeuc:o)sﬁ
C < < ¢ ¢ N O Q

formworks qp:1 falseworks q_p:sgoflegoc 0R§OIEOCR0CH:GPOFANEID  OPPOEID
C ¢ oc (o] ’]C c o¢ <

0QOC§:320C:qRI0PQ FOPEOIC:OPI:&COII

Structure. Work ond9g):830305 Plan o3 ojcoadgensaden  ae(gn:aadE:gpiogd
C < < < N [~} < < c O ° C N

Goo[(:)ooo:oa@u OR$ODEOIPEIOVMID s oogeaoooo@c:o? sge@aago:[c}g oazgem@o’]

205303¢: ca0oégad(moopdi (m) [oEsoeq:apdesigqp: (rebar works, Formworks &¢

Falseworks 000p503 3013208 ) (5) 03§ 0690005005(5¢: (0) 03§ me® 2005038es00E([gé:

(20) ;psmedecaé:[gé: (consolidation 30la0¢ ) (¢ ) 30x:e00e32E(0)0pS[gé: (curing)

CS-21



(*] < N ° co _¢© < < < < c o¢ C
QQ320G000  IEPOICIY:  IVEJ|MG§$! omeao:sgoog@mc?sgogm 330G 0C10xC
oacfecq%?$oo$eo)o 84‘;@%@?@}@ oo%c;ao:ﬁor% C\césfaéooéu cx?f)c%:@éooogeeqlézgsgogcﬁ plan

Qo ON < N < < < O N : < C <
QP21 069§305C 0060:ERY §P0VB:gPi0Pcopd: Construction Plan o3¢ e@o@ooo:qeeu

c63fGcon: 0ol BeSap:e cm0Sclncts: Beoosi

[0ée08eq:cp8cs:qp: (Preparation Works)

ao:(gpdodeqpd:codes: (Re-bar work) formwork ¢ falsework gp:oopd cpsoned
mesodmiqp:  copdesndeqmoged 28 [GSeodqmnd codciqp: G008
opOediqpiongs R3mqomesmdBapial 3§Eapmat [030gposgse 2opcw(ol
c003apooopd 3 qpSamey:qpis0g0’ seq:(08iean cpdediqpi{sdoopSy

Be[opé Re-bar work 1 formwork &¢ falsework codc§iqpiogl o003000:qp3
225008 can0Sod auSfGooo:dlaspSi

a:[gpdodeqp:opSeg: (Re-bar Works)

coScfiglons Re-bar qp: SSecgodens m8moSi Re-bar Godeoood(5s: sdgpdodeng:
p8(ge:1 028308[gE: cpdegigprancyod wBaseap: eg:sgqepds

Re-bar qp: @ogeoooorsgéﬂ Gog:@é:

<

e Re-bar qp: 903:[§c°::| @903@00003@5:0% wéeqﬁoop_?? @9050)0& e(g:ocf)o%@q

(o]

[BlogSaepsn odqpSadengiapbeqiogé Re-bar st cr6[pSangionntaoplesapqp:at!
[63(cSa) eogleSiqlt c00be0pilgSiqls  efgjopdaoln  Re-bar  qo38:§Sarpd
2opoSelozs  [68o0pSi  meooSesepgp:  (joint  construction)od
anSmemifojeed(Gi  GEiego0d  gooB§Sigdgcafadplesad  [gdengionny
slq]:030p¢ aruBeng:(ac:a} qiéiomBi(o3i(ss [gopdaqepdn Regepa? goo-

9 9 ~ _C@ [y (9] Q < .Q < o e 9
2000 :3061 VOO 00MNO3IC0 ssgeo:@:e‘?oool 0?60?00 Re-bar 0’1) @()O-OO()O 3061

0]

N _S@Q e e [9) 9] S8 N Q ° (RS
mCUOD:OOOOtDE:SQ 39(&6;0:0’](7) 399?01&?6{)(7? QJCDQJC:I :39C\3§39(:)C: SDGGQ:S@C:

< < "l
lanletovtelel [l
NS < (o] o0 ¢ co oc N <
. oeooc;eoo@c:oo&: re-bar qp:0) 00RO MOD:EOKCIOPIF]PORMI  re-bar  g:3a0:

oe0eaSGe:oS 2esmnBS epSapimaBmes:pse gSeidl

CS-22



Re-bar qps aof:@f:: (Fabrication of Re-bar)

o Re-bar E{IOZO% 9@888 OD%(ﬂ_C HeNE QB(SSIG&II GG’BOO’Sé (ﬂ(’TS?O[(:)éI G’DCE)GCD
OODéCY%GOTOO QSGQ_I:Q{P: §C§ OéO%OgOSCD(SGDO 0%
OOD&CYL)@C QP 20 OOOSP OO)q@éll

e Re-bar qp:o? drawings <§c° Specifictions q_p:s@oﬁé: saogagcql eoéqeéu Re-bar qp:

[N

O’SGOGO&O GDGPQ{IO O? ODCDSl ﬂ

-Q)O

¢ Oo¢ <

e C\§G§01m cg%ooqogsﬁ é%éqéa@oz (strength) §.<§ @nﬂééﬁcﬁ o&%mm@e@u
Re-bar eoé@é:§cf oorc)ooorgﬁ éa)oggoogooo:a)é oo%eeo:qeé: agqjdgqul

oc¢ <

®o§eao:qeé: §é:m§:qu§cf mcﬁé§cw£ 3260t 390%5:39000 (tolerance) o%o% @udD:

N < <
9.G-0 03¢ em[;)ooo:oo@u
Table 5.4-1 Standard Inspection Items, Method and Tolerance of Fabrication of Re-bar
Arrangement of Method of Time and o
) . Acceptance Criterion
Fabricated Re-bar Inspection Frequency
Location and length of To follow drawings of
joints and the anchors specifications
. Within 0 £ 25mm against
Covering After

specified value

fabrication or

Measurement . Tolerance: A small value of
in case of a
by scale . +3%or +30mmof
) ) long time has ] ) )
Effective height design dimension. However,
passed.

the minimum covering must

be  secured.

Center spacing Tolerance: £ 20mm

< < < < < < NN R < <
(78«?@610@(\)00203&398'] Re-bar (:lr.)'.’ 6&9080260361'? U)C:(T{IO@@QO SDCGl@EII
< N e (ocme ° C C o C < < N
SDC@OZOD& Re-bar ({IO: 60)@@[96@90(\)00103I ODGG?.PCN{P: 00 O)O@CODCEOD@II Re-
bar SDEGP%)& 398(7)39@.](73?3 396“(%2 0.0 8(\%8@0?(&: SQCDO’S ﬁoaé: 05:?%2@[2@!32 O%GU,ECYS
<

o0éeagpoopd madqp:(eé Re-bar gp:ad gjpdesnc(3: [Seancardas [goa0pdn O §.6-0
o3¢ [Goo0on:00p5 1

CS-23



(a) lron Wire (b) Plastic Clip

Figure 5.4-1 Iron Wire and Plastic Clip
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Figure 5.4-2 Common Use of VVarious Spacers

CS-24



Q)

beonad qpmad spacers qp: ayiepSe3dlont structural og§onqd sepSmeogiacds:
[Blogbeonionpy mbe0a1 cpgarq spacers i 9:ao¢oopSi

copSogS:aups spacers scqE0g05¢0 beams gpzad (538:08:038 098 00pa§:807 oy
R3¢ web, wall §¢ column 038 036 00pq3:802 QI J 99 G 2§+ (3800p5n powo-
r8007q3:802003 spacers G ¢ 003 g § p3agié spacers gp:0} go eSo38oxfgn
ordeaap8 copdargoopdi (6 9.5-2) 3 [3p3dh

1000 1000
500 500

500

1000
|
o

500

1/

o

Figure 5.4-3 Image of Spacers Installation
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Table 6.3-1 Required quality in case of using the water other than treated (tap) water

Items Required Quality
Suspended solid Less than 2g/l
Chloride contents 200 ppm
PH 58~8.6
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Table 7.1-1 Measurement Tolerance of Quantity in One Batch (%)
Material Tolerance
Cement 1
Aggregate 3
Water 1
Admixture 13
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Table 7.1-2 Mixing Performance of Batch Type Mixer

Mixing Concrete Quantities
iz In case of Nominal In case of 1/2 of
Capacity Nominal Capacity
Difference unit mass with Less than 0.8% Less than 0.8%
volumetric of mortar in concrete 070 070
Difference unit quantity of 0 0
aggregates in concrete Less than 5% Less than 5%
Compressive strength Less than 7.5% -
Difference Air contents Less than 10% -
Slump Less than 15% -
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Table 7.2-1 The temperature to be lowered for each material required to lower the concrete
temperature by 1°C

Material Required temperature
Cement 8°C
Aggregate 2°C
Water 4°C
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Table 7.4-1 Frequency and tolerance of tests conducted at the site specified by JIS

Test Frequency Tolerance

In case of design slump is

+ Less than 5cm: £ 1.0cm

Slump As general, once per 150m? « Exceeding 5¢cm to less than 8cm  : + 1.5cm
+ Exceeding 8cm to less than 18cm  : +2.5cm
+ Exceeding 18cm : £ 1.5cm

Air contents Ditto 4.5% + 1.5% for Portland cement concrete

Chloride . . In principal, 0.3kg/m? for reinforcement concrete, it is
Decided on site . ] .

Contents not prescribed in the plain concrete.
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Table 7.5-1 Design Compressive Strength is 24 MPa

Result of Compressive | Coefficient | Estimated Compressive
Strength (28days) Value for Strength of Cylinder Evaluation
<Cube Type> Conversion Type
25.2 MPa More than 85% of design Strength:
No.1: 32.3 MPa 0.78
OK
24.6 MPa More than 85% of design Strength:
No.2: 31.5 MPa 0.78
OK
22.5 MPa More than 85% of design Strength:
No.3: 28.8 MPa 0.78
OK
Average is more than design
Average: 24.1 MPa
Strength OK
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Table 8.2-1 Features of Handling Methods

) o Handling Handling Q’ty )
Handling Method Direction ) Applicable Range
Distance (m3)
Vertical ) .
Concrete Bucket . 5~50m 15~ 20/h General, High Portion
Horizontal
Vertical 10~ 120m General, High Portion,
Concrete Pump 20 ~ 70/h )
Horizontal 10 ~ 500m Long Distance
Vertical
Shoot (chute) . 5~20m 10 ~50/h General
Diagonal
Wheelbarrow Horizontal 5~50m 0.05~ 0.1/ Number | Small Scale Structures
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Table 8.2-2 Points of Handling Methods

Transportation

Points
Method

e Adapting appropriate shape, capacity | ¢ Pre-cleaning of adhered  foreign

Concrete Bucket and discharge slot substances

e Preventing holding for a long time e Prevention of leaking of mortar

* Selection of appropriate specification |  Prohibition of charging of
such as pumping capability additional water

Concrete Pump | » Making out of Appropriate Plan such | »  Prevention of excessive pumping

as layout of pipes and diameter of pressure
pumping ¢ Removal of stacking concrete

¢ Do not apply diagonal shoot (chute)

Shoot (chute) in principle —

¢ Control of falling speed
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Figure 9.2-3 Appropriate Pouring Sequence for Footing 2/2
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Table 9.2-1 Standard Capability of Vibrators

Diameter of Internal Vibrator Consolidation Range Diameter Consolidation Capability
309 350 mm 12 m*/h
40 9 450 mm 18 m/h
50 @ 600 mm 24 mh
60 @ 700 mm 30 m¥h
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Table 10.1-1 Minimum Period of Curing

Daily Average Temperature | Standard Portland Cement | Early Strength Cement

More than 15°C 5 days 3 days
10°C to 15°C 7 days 4 days
Less than 10°C 9 days 5 days
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Table 10.3-1 Check Points for Curing
. . Check on
Stage of Works Check points Management items site
1. Plan of curing (1) Is curing method appropriate? Curing method and period | O
Quantity of materials etc. O
. Outside temperature 0
(2) Is the outside temperature low or
hiah? Weather 0
1gh Wet condition of the | 4
(3) Does not concrete surface dry? surface
(4) Is there no sudden temperature Curi
] i uring temperature O
change during curing?
(5)Is there no vibration during . .
. Having or not having of | O
curing? ibrati
(6) Do not receive impact during Vi rg on .
. Having or not having of
curing? oo
vibration
2. Wet curing (1) Is not concrete surface dry? Wet condition of the
surface
(2) Is the curing period appropriate? Curing period
(3) Is it appropriate to keep concrete
surface wet? Method of water supply O
Strength of initial age O
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Check on

Stage of Works Check points Management items site
3. Curing for | (4)Is vibration, impact or excessive Acting of external force O
protection load acting on uncured concrete?
:?f"’ggtzt harmul (5) Whether an excessive load is Acting of external forces | [J
applied to the initial material age at early age
4. Curing method | (1) Is method appropriate? Method of curing O
for formwork (2) Is the surface of formwork dry? Condition of formwork O
5. Liquid (1) Whether it is applied in Combined use with wet | O
membrane combination with wet curing curing
curing (2) Is material selection Material used O
appropriate?
(3) Is the time of spraying Timing of spraying O
appropriate?
(4) Is the spraying method Method of spraying 0

appropriate?
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Figure 11.2-4 Clean Cut of Concrete Surface
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Table 12.1-1 Classification of Defect Levels
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Appendix 1 - American Concrete Institute Method of Mix Design (ACI-211.1)
This method of proportioning was first published in 1944 by ACI committee 613.
+ In 1954 the method was revised to include, among other modifications, the use of entrained air.
+ In 1970, the method of mix design became the responsibility of ACI committee 211.
+ ACI committee 211 have further updated the method of 1991.

+ Almost all of the major multipurpose concrete dams in India built during 1950 have been designed

by using then prevalent ACI Committee method of mix design.
1) Step 01: Data to be collected
Fineness modulus of selected F.A.
+ Unit weight of dry rodded coarse aggregate.
+ Sp. gravity of coarse and fine aggregates in SSD condition
+ Absorption characteristics of both coarse and fine aggregates.
+ Specific gravity of cement.
Example: -
+ Design a concrete mix for construction of an elevated water tank.
+ The specified design strength of concrete is 30 MPa at 28 days measured on standard cylinders.
+ The specific gravity of FA and C.A. are 2.65 and 2.7 respectively.
+ The dry rodded bulk density of C.A. is 1600 kg/m3, and fineness modulus of FA is 2.80.
* Ordinary Portland cement (Type I) will be used.

+ C.A. is found to be absorptive to the extent of 1% and free surface moisture in sand is found to be

2 percent.
2) Step 02: Target Mean Strength
Target Mean Strength fm=fmin+ks
fm=fmin+ks
fm=30+165x42
fm=36.93 MPa
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Standard

Placing and Mixing Condition Degree of Deviation
Control
(MPa)

Dried aggregates, completely accurate grading, exact water/ cement ration, Laboratory 13
controlled temperature curing. Precision
\Weigh-batching of all materials, control of aggregate grading, 3 sizes of
aggregate plus sand, control of water added to allow for moisture content of Excellent ”g
aggregates, allowance for weight of aggregate and sand displaced by water,
continual supervision.
\Weigh-batching of all materials, strict control of aggregate grading, control of High
water added to allow for moisture content of aggregates, continual 35
supervision. J—
\Weigh-batching of all materials, control of aggregate grading, control of water ( 3

L Very Good 4.2
added, frequent supervision.
\Weighing of all materials, water content controlled by inspection of mix, S~——
periodic check of workability, use of two sizes of aggregate (fine & coarse) Good 5.7
only, intermittent supervision.
'Volume batching of all aggregates allowing for bulking of sand, weigh
batching of cement, water content controlled by inspection of mix, intermittent Fair 6.5
supervision.
'Volume batching of all materials, use of all in aggregate, little or no Poor 7.0

supervision.

Uncontrolled

8.5

3) Step 03: Water/cement ratio

+ Find the water/cement ratio from the strength point of view from Table (1).

+ Find also the water/ cement ratio from durability point of view from Table (2).

+ Adopt lower value out of strength consideration and durability consideration.

+ Since OPC is used, from table (1), the estimated w/c ratio is 0.47.
+ From exposure condition Table (2), the maximum w/c ratio is 0.50

+ Therefore, adopt w/c ratio of 0.47
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Table (1) Relation between Water/ Cement Ratio and Average Compressive Strength of Concrete,
according to ACI 211.1-91

Average Compressive Strength Effective Water/ Cement Ratio (by mass)
at (28) days

(MPa) Non-Air Entrained Concrete Air-entrained Concrete

45 0.38 -

40 0.43 -

35 0.48 0.40
30 0.55 0.46
25 0.62 0.53
20 0.70 0.61
15 0.80 0.71

Table (2) Requirements of ACI 318-89 for W/C Ratio and Strength for Special Exposure Conditions

Exposure Condition Maximum W/C Ratio, Minimum Design Strength, Low
Normal Density Density Aggregate Concrete
Aggregate Concrete (MPa)
I.  Concrete intended to be 0.5 25
watertight
a. Exposed to fresh water 0.45 30

b. Exposed to brackish or sea
water

Il.  Concrete exposed to freezing
and thawing in a moist

condition: 0.45 30
a. Kerbs, gutters, guard rails or
thin sections 0.50 25
b. Other elements 0.45 30
c. Inpresence of de-icing
chemicals
I1l.  For corrosion protection of 04 33

reinforced concrete exposed to
de-icing salts, brackish water,
sea water or spray from those
sources
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4) Step 04: Maximum Size of Aggregate & Workability

+ Decide maximum size of aggregate to be used. Generally, for RCC work 20 mm and prestressed

concrete 10 mm size are used.

+ Decide workability in terms of slump for the type of job in hand. General guidance can be taken
from table (3).

+ Maximum size of aggregate 20 mm.

+ Slump of concrete 50 mm

Table (3) General Guidance

Type of Construction Range of Slump (mm)
Reinforced foundation walls and footings 20-80
Plain footings, caissons and substructure walls 20-80
Beams and reinforced walls 20-100
L Building Columns 20-100
Pavements and slabs 20-80
Mass Concrete 20-80

5) Step 05: Cement Content

From Table (4), for a slump of 50 mm, 20 mm maximum size of aggregate, for non-air- entrained
concrete,

the mixing water content is 185 kg/m?® of concrete. Also, the approximate entrapped air content is 2
per cent.

Cement Content =185/ 0.47

Cement Content =394.0 kg/m?®
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Table (4) Approximate Requirements for Mixing Water and Air Content for Different Workabilities
and Nominal Maximum Size of Aggregates according to ACI 211.1-91

Workability Water Content, Kg/ m?of Concrete for Indicated Maximum Aggregate Size
Air C?orntent 10mm | 125mm | 20 mm 25 mm 40 mm 50 mm 70 mm 150 mm
Non-air-entrained Concrete
Slump
30-50 mm 205 200 185 180 160 155 145 125
80-100 mm 225 215 200 195 175 170 160 140
150-180 mm 240 230 210 205 185 180 170 -
Approximate 3 2.5 2 15 1 0.5 0.3 0.2
entrapped air
content
percent
Air-entrained Concrete
Slump
30-50 mm 180 175 165 160 145 140 135 120
80-100 mm 200 190 180 175 160 155 150 135
150-180 mm 215 205 190 185 170 165 160 -
Recommended
average total
air content
percent
Mild exposure 45 4.0 35 3.0 25 2.0 15 1.0
Moderate 6.0 5.5 5.0 4.5 4.5 4.0 35 3.0
exposure
Extreme 7.5 7.0 6.0 6.0 55 5.0 4.5 4.0
exposure

6) Step 06: Weight of Coarse Aggregate

+ From table (5), the bulk volume of dry rodded coarse aggregate per unit volume of concrete is
selected, for the particular maximum size of coarse aggregate and fineness modulus of fine

aggregate.

+ The weight of C.A. per cubic meter of concrete is calculated by multiplying the bulk volume with

bulk density.

+ From Table (5), for 20 mm coarse aggregate, for fineness modulus of 2.80, the dry rodded bulk

volume of C.A. is 0.62 per unit volume of concrete.

- The weight of C. A.=0.62 x 1600=992.0 kg/ m*
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Table (5) Dry Bulk Volume of Coarse Aggregate per Unit VVolume of Concrete as given by
ACI 211.1-91
Maximum Size Bulk VVolume of Dry Rodded Coarse Aggregate per Unit Volume of Concrete for

of Aggregate Fineness Modulus of Sand of
F.M. 2.40 2.60 2.80 3.00
10 0.50 0.48 0.46 0.44
12.5 0.59 0.57 0.55 0.53
20 0.66 0.64 0.62 0.60
25 0.71 0.69 0.67 0.65
40 0.75 0.73 0.71 0.69
50 0.78 0.76 0.74 0.72
70 0.82 0.80 0.78 0.76
150 0.87 0.85 0.83 0.81

7) Step 07: Weight of Fine Aggregate

+ From Table (6), the first estimate of density of fresh concrete for 20 mm maximum size of

aggregate and for non-air-entrained concrete = 2355 kg/m?
+ The weight of all the known ingredient of concrete
- Weight of water = 185 kg/m’
- Weight of cement = 394 kg.m?
- Weight of C.A. =992 kg/m*
+ Weight of F. A. = 2355 — (185 + 394 + 992) = 784.0kg/ m?

Table (6) First Estimate of Density (Unit Weight) of Fresh Concrete as given by ACI 211.1-91

Maximum Size of First Estimate of Density (Unit Weight) of Fresh Concrete
Aggregate Non-air-entrained Air-entrained
(mm) (kg/ md) (kg/ m3)
10 2285 2190
12.5 2315 2235
20 2355 2280
25 2375 2315
40 2420 2355
50 2445 2375
70 2465 2400
150 2505 2435
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+ From Table (6), the first estimate of density of fresh concrete for 20 mm maximum size of

- aggregate and for non-air-entrained concrete = 2355 kg/m3

+ Alternatively, the weight of F.A. can also be found out by absolute volume method which is more

accurate, as follows.

Tabulate the Absolute VVolume of All the known Ingredients

Item . Weight 3
No. Ingredients (kg/m?) Absolute Volume (cm?)
394
1 Cement 394 ——x10% =125 x 103
3.15
2 Water 185 1T85 x 103 =185 x 103
992
3 Coarse Aggregate 992 57 x 103 =367 x 103
4 Air 2 x 10 =20 x 103
100
Iltle(:n Ingredients Weight Absolute Volume
Weight of Cement
1 Cement From Step 5 : 103 =  x 103
Sp. gravity of Cement
Weight of Water
2 Water From Step 4 : x 103 = x103
Sp. gravity of Water
3 Coarse Aggregat From Step 6 Weight of C.A. . 143 x 103
oarse Aggregate rom Step Sp.gravity of C.A.
. % of Air Voids
4 Air --- —_——x 10° = x103
100
Total Absolute Volume =

Total absolute volume = 697.0 x 10% cm®

Therefore, absolute volume of F.A. = (1000 - 697) x 10°
=303.0x 10°

Weight of FA =303 x 2.65

= 803.0kg/ m®
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8) Step 08:

Proportions

) Fine Coarse )
Ingredients Cement Water Chemical
Aggregate Aggregate
Quantity
(kg/ m?) 394.0 803.0 992.0 185.0 NM
Ratio 1.00 2.04 2.52 0.47 NM
1 Bag Cement 50.0 102.0 126.0 235 NM

9) Step 09: Adjustment for Field Condition

(1) The proportions are required to be adjusted for the field conditions. Fine Aggregate has surface
moisture of 2 %

Weight of F. A. = 803.0 + —— X 803.0

= 819.06 kg/ m®
(2) Course Aggregate absorbs 1% water

Weight of C. A L

992.0 —— % 992.0
100

982.0 kg/ m®

10) Step 10: Final Design Proportions

. Fine Coarse .
Ingredients Cement Water Chemical
Aggregate Aggregate
Quantity
(kg/ m?) 394.0 819.0 982.0 185.0 NM
Ratio 1.00 2.08 2.49 0.47 NM
1 Bag Cement 50.0 104.0 1245 235 NM
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Appendix 2 - Sample of Fixing Layout of the Facilities and Machine & Equipment
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Appendix 3 - Calculation Manual of Formwork and Falsework

Structural Calculation for Formwork and False work

Since Formwork is a temporary structure until concrete reach to the predetermined strength, not only

safety but also economic efficiency and workability are required.

Basically, arrangement of Formwork and Falsework used to depend on experiences of engineers or

carpenters, but that based on the structural calculations, the Formwork must be planned as to confirm

the safety and to be in a balanced and rational arrangement.

(1) Formwork for Wall
Point 1-1: Calculation of Formwork for wall proceeds in accordance with sequence bellow.

o i Stringer
—>
Calculation Sheeting board (Plywood) | >

(Spacing of longitudinal Stringer)| | (SPacing of lateral Sleeper)

Sleeper >

(Spacing of form tie) Form tie

Note:

+ Load considers only for lateral pressure by pouring concrete shown in table 1-1.

+ Allowable deflection of Formwork should be less than basically 0.3 cm (Allowable deflection

should be less than 0.1 cm if accurate finishing is required)

+ Plywood and Sleeper are calculated by = b d
simple span with uniformed load ¢
(1)  Members name of for Formwork b
a: Sheeting board (Plywood)
b: Stringer
c: Separator .
e
d: Sleeper or Lumber Stringer
e: Form tie
Table (1) Calculation formula of load (Lateral load)
Slump Slump =10cm Slump > 10 cm
R<2m/h | =2(1+-=0) S 100(kN/m?) orWeH | H=15m WoH
- Length =3.0m
a Wo 150+30R
— 1+ < 100(kN/m? 1.5Wo+0.2 W, (H-1.5
R=2m/h s U ) N/ | 1 5<ht <4.0m ° o )
Length >3.0m
or WoH
1.5W,
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W, (KN/m?®) : Concrete unit weight (t/m?)

R (m/h) . Speed of pouring
T (C) . Temperature of concrete
H (m) . Finishing height of pouring

1-1 The exercises for the calculation of wall Formwork

<Design condition of sample model>

470 // 470 Sheeting board

] ! [ \ (900X 1,800% 12) Spacing of the Stringer  : 23.5cm
i 1 H H ﬁmi .0 Spacing of the Sleeper  :50.0cm
::‘[": - Mﬁ 3 A ; {ﬁ"ﬁ*"ﬂ} Spacing of Form tie : 47.0cm
9% Iﬂm L / Wall height :290 cm
P e i 1 g y . Wall thickness :15.0cm
! hj; U T ]
s i Wall length 1600 cm
sl |s l[]] . Kwﬂﬁztrmger 7 g
L g & " t o]
H : . ~ { 3 i} “I"
I N _ l Sleeper /‘;
L ik {} {}-= L
it i it 3
o Al Form:
N il Tie
@ 5{ "y i :i 1‘ ‘k ;
2 IJ] o
: ()
: 2 P
P ‘_ SL\ C {t ¥ {} {1 Y /
I v i a7 1!
77-5235] n i l Y J p [235@7.5 i50
1,800 | Thickness of wall
~To the
i - 6.000 .To the
column
column

(2) Basic Load calculation
Lateral load is calculated in accordance with Table (1).

1) Pouring speed
The speed of pouring concrete is determined based on the concrete pouring plan and pouring method.
Especially, it is necessary to pay attention that in case of poured by a concrete pump and puncture of
the form frequently occurs when the pouring speed is about 10 m to 50 m/h.

As the condition of [concrete pouring speed is 10m/h| in this exercise.
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Pouring volume of concrete is calculated to only 9mé/h for the speed of 10m/ h pouring in this exercise,
wall length is 6m, thickness is 0.15 m and height is 2.9 m.

2) Finishing height (Head of fresh concrete)

Finishing height (H) is 2.9m to calculate the maximum lateral load in the exercise.

3) Unit weight of fresh concrete
Since applicable concrete for standard civil structure is Portland Cement Concrete basically,
Weight concrete is applied 24kN/m3.

4) Length of the wall
Length of the wall is 6m in this exercise.

Since the force factors for determining the maximum lateral pressure P of the concrete operating on
the Formwork has been determined, the maximum lateral pressure is obtained from Table (1).

Force factors for obtaining the maximum lateral pressure P in this exercise;
Pouring speed (R) : 10 m/h
Finishing height (H) :2.9m
Wall length : 6.0 m (Exceeding 3.0 m)

Thus, the formula of maximum lateral load is applied to “1.5 Wo”.
Maximum lateral load P = 1.5 x 24 kN/m3 = 36 kN/m?
(3) Consideration of each members

1) Consideration of Sheeting board (Plywood)
Use the Plywood (t=1.2 cm) for Formwork instead of sheathing board in this exercise, also Installation
of Plywood should be set up fiber direction of wood.

Allowable bending stress : fb = 1.37kN/cm?
Elastic modulus : 550kN/cm?
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Note: If Plywood installs at right angle “B”, allowable bending stress decreases to about 60% and

elastic modulus decreases to about 35%.

Sample Model

Lateral pressure

Since the Plywood is supported by the Stringer
(longitudinal member), considering the Plywood means
to consider whether the interval between the Stringer is

_Plywood appropriateness.

Consideration of operating force against to plywood

Mg carried out as a simple beam (width b = 1.0 cm, height
23.5¢cm | Stringer
* i h = 1. 2 cm beam) with uniformed load operates.
-
&/ :
o ‘P:’" 2
& 4 =3 bh3
7 5 { / . Moment of inertia of section: [ = BTy
/4 A 4pd Section modulus 2= —
/ » % 6

Strmger\js}/ / 7 ,’

QO __ O

|.0ca
-~

Consider as beam which dimensions are 1.0 cm x 1.2 cm

From above mentioned formula,

the sectional performance when considering the Plywood as a beam is;

[ = bh3® _ 1.0x(1.2)3
712 12

bh? 1.0%x(1.2)2

/= — = —( )
6 6

A) Calculation of the load

= 0.144 cm*

=0.24cm?

The maximum lateral load was calculated as 36 kKN/m?, thus the load (w) which operates to the unit

width of Plywood is;

w

36k N/m? (0.0036 kN/cm?) x 1.0cm = 0.0036 kN/cm
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B) Consideration on bending
The maximum bending moment (M max) is obtained from the following equation.

M max = %wlz = % x 0.0036 kN/cm x (23.5 cm)?

={0.249kN - cm

From this maximum bending moment, the stress intensity (cb) operates to the beam is calculated from
the following equation.

M max 0,249kN-cm
ob = = =[1.04 kN/cm?
Z 0.24 cm3

From this bending stress intensity, it is compared with the allowable bending stress intensity (fb) of

the Plywood.

ob _ 1.04kN/cm?

fb ~ 137kN/cm? :‘0-76 <1.0 OK!‘

1) Consideration on deflection
Although the allowable deflection differs depending on the part of the structure and the type of
finishing, since it is generally standardized about 0.3 cm, in this exercise it is calculated as 0.3 cm.

Deflection is calculated as a simple beam on which the uniformed load operates from the following
equation.

swl 4 .
dmax = E: elastic modules
384El

_ 5% 0.0036kN/cm x (23.5cm) 4
"~ 384x550kN/cm? x 0.114cm*

=0.23cm = 0.3cm OKI!
Reference

The reason for considering it as a simple beam rather than a continuous beam is to take into account
the number of reuses of the Plywood.

+ Comparison of maximum bending moment between simple beam and continuous beam

+ Simple beam: Mmax = -wl?

+ Continuous beam: Mmax = —wli?

Ms/ Mc =1.25
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75 cm

75cm

+ Comparison of maximum deflection between Simple beam and continuous beam

. swi 4
Simple beam: Smax = —
384E]
. wl 4
Continuous beam: dmax =
128EI
osloc =1.67

Since the Formwork is reused several times, it is necessary to consider the damage. Therefore, it should
be calculated as a simple beam even though the actual arrangement is a continuous beam for safe side.

(4y  Consideration of Stringer

Load bearing range for Steel pipe @48.6x2.4 (Standard pipe for
| of Stringer temporary works) is used for Stringer in this

exercise.

| //J ‘ Mc/
e el S

Moment of inertia of section: 1=9.32 cm*
Section Modulus: Z=3.83cm?
Allowable bending stress:  fb=23.7 kN/cm?

-

Form Tie

To confirm the strength of Stringers means to

/| ||Sleeper ) ]
consider the spacing of Sleepers.

= 4
3 e ?‘ It is suggested that the consideration of spacing

lon
o q ' s
"i&t\
5
n'l
"f =)
Ao

of Stringers applies to simple beam in the same

as the calculation of the Plywood.

23.{5& ' Spacing of Sleepers is 75¢cm in this exercise.

Working load (w) to Stringer is;
w :0.0033\kN/cm2 X 23}? cm =0.08 kN/cm

Lateral Load=0.08kN/cm Lateral Load | [Spacing

The maximum bending moment (M max) is

LTﬂTTTRTTTTTTTﬁ%

obtained from the following equation.
Bending consideration is carried out by
equation of the maximum bending moment as
follows

1
M max = gwl2
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M max == x (0.08kN/cm x (75 cm)?)

=156.25 kN - cm]

From this maximum bending moment, the stress intensity (cb) operates to the Stringer is calculated

56.25 kN -
from the following equation. ob = Mmax _ 2625KN cm 14.69 kN/cm?

Z 3.83cm3

From this bending stress intensity, it is compared with the allowable bending stress intensity (fb) of

the Steel pipe.

ob  14.69 kN/cm?

fb ~ 23.70 kN/cm? =0.62=1.0 OK]

C) Consideration on deflection
Allowable deflection differs should be within 0.3cm same as Plywood. Deflection is calculated as a

simple beam on which uniformed load operates from the following equation.
swi 4

Omax = E: elastic modulus
384EI

_ 5x 0.08kN/cmx (75.0cm)4
~ 384 x 2.1x(10)4kN/cm?2x 9.32 cm*

=p.17cm = 03cm OK|

(5) Consideration of Sleeper
Two numbers of Steel pipe @48.6x2.4

_
“r (Standard pipe for temporary works) are used

for Sleeper in this exercise.

D e e Moment of inertia of section:  1=9.32 cm*
EI: Section Modulus: Z=3.83 cm?®
Stringer ]
J & Allowable bending stress: fb=23.7 kN/cm?
x l LL] | Elastic Modulus: E=2.1x10*kN/cm?
I”E e 1] » t 470n [ The load operates to the Sleeper which is
' transferred from Stringers. To confirm the
][ W[ [V SO strength of Stringers means to consider the

Mmay

spacing of Stringers.
It is suggested that the consideration of spacing of
Sleepers applies to simple beam as well. The load

This case supposes as the simple beam operating

the uniform load

which is shared by Sleepers considers the area defined from spacing of Stringer.

Span for Sleepers means the spacing of form tie, therefore this is 47 cm in this exercise.
The lateral load operates
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Bending and deflection of Sleeper are considered in accordance with the given condition by the same
method as consideration of Plywood and Stringer.

A) Calculation of Load
Working load (w) to Sleeper is;

w =0.0036 kN/cm? x75.0 cm = 0.27 kN/cm

Lateral Load || Spacing of Sleeper

B) Bending consideration
The maximum bending moment (M max) is obtained from the following equation.

Bending consideration is carried out by equation of the maximum bending moment as follows

1
~wl?
8

M ma x

Mmax = % x (0.27 kN/cm X (47 cm)?)
69.03 kN - cm|
ob _ M max _ 69.03 kNcm P01 kN/cm2

z _?2 X 3.83cm3

|Numbers of Steel pipe |

ob _ 9.01kN/cm?

b = a70knome ~Q38EL0 OKY

3) Consideration on deflection

S5 max _ swl? _ 5x 0.27kN/cmx (47.0cm)4
384EI  384x2.1x(10)6kN/cm? x 9.32cm? x 2

Numbers of Steel pipe

=[0.002cm  =£03cm OK

(6) Consideration of Form tie

Form tie which size is w5/16 in. (7.8mm) plans to apply
\ AL 1 L il [E in this exercise.
CU ini H— | ] ]
Load sharing area per one Form tig Allowable tensile strength: Ft=13.7 kN/pic.

Tensile strength operates lateral load of concrete on

which area is shown on left figures to a Form tie.

2

Therefore, tensile strength operates (T) to a Form tie is,
A=(235cm+23.5¢cm) x (35.0 cm + 35.0 cm) =
3,290cm?
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T =0.0036 kN/ch2 X 3,290 cm? = 11.84 kN

Lateral Load
T 11.84 kN

—= ———— =/0.86 =1.0 OK!
Ft  13.70 kN

Mechanical performance of Form tie

Size or Kinds | Effective area | Tensile broken out strength Allowable tensile strength
W 5/16 34.0 mm? 19.6 kN/Nos. 13.7 kN/Nos.
W 3/8 50.3 mm? 29.4 kN/Nos. 20.6 kN/Nos.
W 1/2 89.4 mm? 39.2 kg/Nos. 34.3 KN/Nos.

Note: The method of Consideration of Formwork for Columns is carried out as the same sequence of Formworks of Wall.

(2) Formwork for Slab and Fales work

Point 2-1: Calculation of Formwork for slab and false work proceeds in accordance with bellow

sequence.
HEER — Sheeting board (Plywood) [—» Stringer -
Calculation ‘ :
(Spacing of Stringer) (Spacing of Sleeper)
Sleeper — Pipe support
(Spacing of pipe support)
Note:

+ Load considers main load (concrete and material of Formwork), impact load and vertical load of
Working road (the weight of workers and necessary equipment on the Formwork). The lateral load

operate to Falsework considers in the calculation of Falsework.
- Impact load is applied 50% of main load, working load is applied 1.5 kN/m”.

+ Allowable deflection of Formwork should be less than basically 0.3¢c m (Allowable deflection

should be less than 0.1 c¢m if accurate finishing is required)

+ Plywood and Sleeper are calculated by the simple span with uniformed load
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2-1 The exercises for the consideration of Slab Formwork and Falsework

Slab Formwork and Falsework is considered by sample model mentioned in below in this exercise.

: Poured concrete

: Plywood
, ® : Stringer (Steel pipe)
1 menoevn eermasich ) BB : Sleeper (Wooden)

L1 T [ 800800
400, 800 , | » | » 800 400,
4800 |

<Design condition of sample model>

Spacing of the Stringer :  40.0 cm Spacing of the Sleeper :  80.0 cm
Spacing of Pipe support : 80.0cm Spacing of Column  : 4,800 cm
Height : 3,600cm  Slab thickness : 12.0cm

(1) Calculation of design load operated to Formwork

The design load operated to Formwork should be calculated by below equation.

W :K[ + 0.5yt +1.5 kN/cm?
N N

Main load ||Impact load | [Working load

= 1.5yt + 1.5kN/cm?
vy : Unitweight of reinforcement concrete (24 kN/m?)
{ t : Thickness of slab (m)
Unit weight of reinforcement concrete is 24 kN/m?, thickness of slab is 12 cm in this exercise, so

design load is,
W =15x24 kN/m3x 0.12 m + 1.5 KN/m?

= 5.8 kN/m?
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(2) Consideration of each members

1) Consideration of Plywood
Plywood (t=1.2 cm) is used for Formwork in this exercise.

Section performance of Plywood

. o .
Moment of inertia of section: 1=0.144 cm } Value is per unit width (1 cm)

Section Modulus: Z=0.24 cm?
Allowable bending stress: ~ fb = 1.37 kN/cm?
Elastic Modulus: E=550 kN/cm?

Next step proceeds to consider of bending and

Sample model deflection for plywood. In case of consideration

5 — those in wall Formwork, the spacing of stringer
Memo . . .

= _Count backward £ has assumed and considered whether this
_&wfé £z ¢ Qé\/ _g_%z__ assumed spacing is appropriateness. However,

in this case (slab Formwork), firstly maximum

3@5;”?; $6 ¢ fgff BIELxE stringer spacing calculates from allowable value,
@

and compares the stringer spacing of sample

model.

The load (w) is 5.8 kN/m? so as calculated in
above. On the other hand, the consideration
width of plywood is 1cm, therefore adapted

load (w) is [0.00058 kN/cm?

A) Consideration of bending
The equation of maximum Bending moment of simple beam which operates uniform load is M max.

= 1/8wil2, so the formula of maximum spacing is,
M max = %wl2 =fo-Z

Thus,

_ |8xfbzZ _, |8 x137kN/cm?x0.24cm3 _ = '
l= / ” —l_\/ 0.00053 KN /em? =p7.3cm = 40.0cmT OK! |

Assumed stringer spacing
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B) Consideration of Deflection
Deflection should be within 0.3 cm the same as wall structure.

Stringer spacing with maximum deflection within 0.3m is considered by below formula.

| = 4 |384EI x 0.3cm
5w

__4[384x550kN/cm? x 0.144cm* x 0.3cm
5x 0.00058kN/cm?

=42.1cm =40.0cm OK]|

Point 2-2

As slab is required accurate finishing, deflection should be within 0.1 mm mentioned in ‘“Note”
Chapter 2 first paragraph.

If accuracy is required, the maximum spacing of Stringer is calculated as follows;

| = 4 [384E1x0.1cm
5w

_4[384x550kN/cm? x 0.144cm* x 0.1cm —Boem
- 5x 0.00058kN/cm?2

Image of Stringer spacing
Considering deflection value

2) Consideration of Stringer

Steel pipe @48.6x2.4 (Standard pipe for
temporary works) is used for Stringer in this

exercise.
Moment of inertia of section: 1=9.32 cm*
Section Modulus: 7=3.83cm®
800 Allowable bending stress: fb=23.7 kN/cm?
= Elastic Modulus: E=2.1x10*kN/cm?
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Spacing of Stringer is 40 cm in this exercise,
operating load (w) to Stringer is,

0.00058 kN/cm?2 x 40+ cm = 0.023 kN/cm

Stringer

A) Consideration of bending

The maximum bending moment (M max) is obtained from the following equation.

Bending consideration is carried out by equation of the maximum bending moment as follows
_ 1 2
M max = EWI

M max = % x (0.023kN /cm % (80cm)?)

= [18.56 kN.cm

From this maximum bending moment, the stress intensity (cb) operates to the Stringer is calculated
from the following equation.

M max 18.56 kN-cm
ob = = =14.85 kN/cm?
z 3.83cm3

From this bending stress intensity, it is compared with the allowable bending stress intensity (fb) of

the Steel pipe.

ob _  4.85kN/cm?

5 = Z3zoknjemz - Q20510 OKI

B) Consideration on deflection
Allowable deflection differs should be within 0.3 cm same as Plywood.

Deflection is calculated as a simple beam on which uniformed load operates from the following
equation.

5x 0.023kN/cm x (80.0cm)4
384 x 2.1x(10)4kN/cm? x 9.32cm*

=[0.06cm=0.3cm OK]

CS-116



3) Consideration of Sleeper

Sectional Area:

Section Modulus:

Elastic Modulus:

Moment of inertia of section: |

Allowable bending stress: b
Allowable shearing stress:  fs

= 110.3 cm?

= 1,012.9cm*

= 192.9cm?

= 1.03 kN/cm?

= 0.074 kN/cm?
= 700 kN/cm?

Wooden batten 10.5 cm x 10.5 cm is used
for Sleeper in this exercise.

Consideration of Sleeper is carried out
adapting the simple beam same as
previous consideration method.

In the consideration, spans except both
edges are simple beam operating
uniformed load and both edges are
cantilever operating concentrated load.

A) Consideration of simple beam spans operating uniformed load

> Calculation of load

Load (w) operates to Sleeper is,

w = 0.00058 kN/cm?x 80 cm =| 0.045 kN/cm

|Sleeper spacing |

> Consideration of bending
M max = ngz = g x (0.045 kN/cm X (80 cm)?)

=36.0kN - cm
M max 36.0 kN-cm
ob = =
VA 192.9¢m3
ob  _ 0.187kN/cm?
fb 1.03 kN/cm?2

=0.187 kN/cm?

=0.18=1.0 OKI!

> Consideration of shearing

Q max %Wl

=~ x0.045 kN/cm x 80 cm = 1.80 kN

K Qmax __

1.5x 1.8kN

A

110.3cm?2

= 10.024 kN/cm?

INote: 1.5 is applied for &, if the shape is rectangular|

0.024kN /cm?

= =T - [ 0.33<1.0 OK! |

T
fs 0.074kNcm?
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> Consideration of deflection

_ swl 4 5x 0.045kN/cm x (80.0cm)4
o0 max = =
384E] 384 x700kN/cm? x 1,012.9cm*

=10.033cm=0.3cm OK!

B) Consideration of cantilever spans operating concentrated load
Edge of Sleeper should be considered as cantilever with operating concentrated load.

Spacing of Sleepers are 40cm in this exercise. P

> Calculation of load

Concentrated load (P) operates to one Sleeper. 186 kKN

Thus, P =0.00058 kN/cm? x 40 cm x 80 cm = 1.86 kN
AN

T

|Span of Stringer| |Sleeper spacing |

> Consideration of bending ‘ 1R
M max = Pl = 1.86kN x 40cm  =[74.4kN: cm ( B _‘ | i

|Span of Stringer | Se——

A

oh = Mmax _ THAkNem _ees kN/cm?

Z 192.9cm3

ob 0.386 kN /cm?
T rosenen 03710 OK! |

> Consideration of shearing

Q max =P =[1.86 kN
_ K Qmax _ 1.5x1.86kKN _ _
T = TIrosem? - 0.025 kN/cm

INote: 1.5 is applied for % if the shape is rectangular]

T 0.025kN/cm?
s = ooraeNomE - | 0.34< 1.0 OK! |

> Consideration of deflection

pi3 1.86kN x (40.0cm)3
dmax= — =
3EI 3 x700kN/cm?2 x 1,012.9cm*

=0.056cm = 0.3cm OK!
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4) Consideration of Support

Pipe support is adapted for support in this exercise.

Stringer| [Sleeper| |Support _ _
i/ W/ W Allowable compressive stress: Fc=19.6 kN/pic.

i
|

I 1 K

Compressive strength operates to Pipe support by vertical

load. Consideration is carried out whether this compressive

strength is within allowable compressible stress.

—_H—- — = - —H—

Load shared area

The compressive strength operating on one pipe support is
calculated by multiplying the area (A) shared of the vertical
load by one pipe.

| 00 | 800 . A =80cm x 80cm = 6,400 cm?
800 | 800 N = 0.00058kN/cm? x 6,400 cm?
=[3.71 kN/pic. |

Allowable compressive stress (Fc) of Pipe support is 19.6kN/pic,

Thus,

N _ 37IKN/pIC: _ 579 <1.0OKI
Fc 19.6kN /pic.

Sleeper In case of height of Falsework is exceeded to
ﬁ 2 m, all pipe supports should be joint by steel
Joint by nails or pipes etc. to avoid buckling and deviation. At
bolts the same time, it is more effective to connect
pipe support with diagonal members.
Joint by T
appropriate

Joint by nails or|
bolts

Performance of members for Falsework is shown in the table below as a reference.
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Performance of Falsework

Elastic | Allowable | Moment of Section
Modulus Bending Inertia Modulus
Stress Area
Intensi
Type ntensity
E fx | Z
(kN/cm?) | (kN/cm?) (cm?) (cm?3)
Plywood 12mm (5)
e (Number of layers) 7 550 137
0.144 0.24
i 200 0.78
15 mm (/5 or more ) 7 510 137
0.281 0.375
z i 200 0.78
18 mm ( 7 or more) 7 470 137
0.486 0.54
i 200 0.78
Stringer 7 900
EI 48 x 24 1.32 22.12 9.22
i 250
o 900
60 x 27 1.32 48.6 16.2
i 250
Sleeper / \ 7 700
100 x 100 1.03 833.3 166.7
e 1 250
AN i 700
90 x 90 1.03 546.8 1215
/ i 250
Steel pipe O 486 2.3 STK400 [2.05x10* | 157 8.99 3.70
O ¢48.6 @25 STK500 |2.05x10* 23.7 9.65 3.97
Angular pipe [— 50x50x 2.3 15.9 6.34
STKR400 | 2.05 x 104 16.3
[J]— 60x60x23 28.3 9.44
Note: ,~  the same direction of the fiber JJ_ : Perpendicular to the fiber direction
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(3) Removal and dismantle of Formwork and Falsework
The Formwork and Falsework must not be removed and dismantled until the concrete reaches the
necessary strength to keep its own weight and the load applied (working load during construction) in
the construction period.

Timing and sequence of removal of Formwork and dismantlement of Falsework as well as reusing
these material and facilities are planned by considering the required compressive strength of the
concrete, the kind and importance of the structure, size of the structure, the operated load by the
members, the temperature, weather, etc.

The recommendable applicable concrete compressive strength when Formwork and Falsework of
reinforced concrete structure can be removed and dismantle refer to the below table.

To confirm the compressive strength, it is recommended to take additional specimens.

Recommendable compressive strength for removal of Formwork and dismantlement of Falsework

Compressive strength

Classification of side of members Example
(N/mm?)

Side of vertical and top side of leaning
for the thick member, and outer side Side of pile cap 35
of small arch shape
Side of vertical and soffit of leaning
structure that angle is steeper than 45 .

Side of column, wall, beam 5.0

degrees for the thin member, and inner
side of small arch shape

Soffit of Slab, beam and leaning ]
. Soffit of slab and beam, and
structure that angle is less than 45 . ] 14.0
inner side of arch structure
degrees
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Appendix 4 - Management Format of Concrete Pouring
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Appendix 5 - Quantab

Details of Quantab

Before Measurement After

Orange Color ->
Dark Blue Color

V s el i
ent Vent

_ i Read at top of
Detection Part |38 1 changing color
, to  white or
 light yellow
Siphoning

Method of Measurement
1) Open the package and taking out three Quantabs.

(Package must be opened just before measurement)

2) Insert them separately into the ready mixed concrete up to approx. one third of specimens.
(Measurement should be carried out at the sun shade location)

(Vent portion must be dried up all the time)

3) Keeping it approx. 10 to 15 minutes

4) After confirming that the moisture part has changed from orange to dark blue color, take out the
specimens and read the top of the changing to about 0.1 digit.

5) Chloride contents is calculated by average of measurement of tree specimens in accordance with
the values of the convert table. Formula is mentioned bellow.
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C.C.=AS.xW.C.

100
C.C. : Chloride contents in the ready mixed concrete (kg/m?)
A.S. : Average of measurement of tree specimens in accordance with the values of the convert

table

W.C. : Unitweight of water of concrete

6) Before put them to the recoding sheet, water which was siphoned by measurement must be
squeezed out adequately.
Water should be squeezed out toward to siphoning portion from top of the changing portion of the
color.

ES Squeezing out

Example for calculation (In case of unit weight of water of concrete is 175kg/ m3)
1) Reading value of Quantabs

No.1: 3.9
No.2: 4.1
No.3:4.1

2) Confirm the value from the convert table
No.1: 3.9— 0.105
No.2: 4.1 —>»0.115
No.3: 4.1—>»0.115

3) Calculate the average of the converted value rounded to 2 digits below the decimal point
(0.100+0.115+0.115) /3=0.112 -> 0.11

4) Chloride contents in the ready mixed concrete (kg/m3) will be calculated by above mentioned
formula.

C.C. = 0.11.x175

100
= 0.193 =0.30kg/ m® (Allowable value)
C.C : Chloride contents in the ready mixed concrete (kg/ mq)

* Source: Taiheiyo Material Co., Ltd.
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Recording sheet of Chloride Contents CS 03

Project Name :

Date and Time of Measurment :

Weather and Temperature:

Name of Measurment :

Location and Layers of Structures :

Unit Weight of Water :
No.1 No.2 No.3
Reading Value : Reading Value : Reading Value :
Converted Value : Converted Value : Converted Value :
Specimen Specimen Specimen
Average :
X =
100 kg/m3 kg/m3
Evaluation )
3 Pass Fail
Allowance Value: Equal or less than 0.30Kg/m
Confirmed by :
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Appendix 6 - Checklists

Check Points for Classes of Concrete CS 04-1
Project Name -
Location -
Project Manager -
Date & Time -
Checked by -
Stage of Work Check Point Management Items glhgictl:,
1. Class of Concrete |(1) Which class of concrete I:]

is used on site?

CS 04-1 Check Points for Classes of Concrete
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Check Points for Materials CS 04-2

Project Name -
Location -

Project Manager

Date & Time -
Checked by -
Stage of Work Check Point Management Items Che.ck
on Site
1. Cement (1) What kind of cement ¢ Portland Cement D
and strength does it use
on site? e Early Strength Cement D
(2) Is manufacturing date on D
cement bag checked?
(3) Does supplier submit D
quality certificate of
cement?
(4) Is quality of cement e Frequency: D
tested on site?

CS 04-2 _Check Points for Materials
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Check

Stage of Work Check Point Management Items ;
on Site

2. Water (1) Is water quality tested Frequency:
before construction?

(2) Where does site take the | ® River

(1 [

water from?
o Tube Well
3. Coarse (1) Is its quality tested in e Frequency: |:|
Aggregate (CA) laboratory?
4. Fine Aggregate [(1) Has its quality been s Frequency: D

(FA) tested in laboratory?

CS8 04-2 _ Check Points for Materials
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Check

Stage of Work Check Point Management Items »
on Site

5. Admixture (1) Which admixture is used | ¢  Water Reducing

in concrete? e Retarding

e Water Reducing and
Retarding

e Water Reducing and
High Range

e Water Reducing, High
Range and Retarding

L] O O OO0

(2) Does supplier submit

quality certificate?
(3) Is expired date suitable D
or not?
6. Temperature of [(1) Does QC Engineer D
Materials measure temperature of

cement, CA, FA and
water before mixing and
keep the records?

7. Rebar (1) Which country produces D
rebars that are used on
site?
(2) Has its quality been D

tested and have the
records of quality test
been kept?

CS 04-2 _Check Points for Materials
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Check

Stage of Work Check Point Management Items .
on Site
8. Formwork and  [(1) Which type of form is e Plywood
Falsework used for formwork and
what kind of member is | ® Wooden
used for falsework?

e Metal

e Pipe Support

L] OO 0OOn

e [Irame
(2) How often is the form
reused on site?
9. Spacer (1) What kind of spaceris |e Mortar

used on site?
¢ Concrete

OO

e Plastic

(2) How many pieces of D
spacer are installed per 1
m?(3.28 ft%)?

CS 04-2 _Check Points for Materials
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Check Points for Mix Design CS 04-3

Project Name -

Location -

Project Manager

Date & Time -
Checked by -
Stage of Work Check Point Management Items Che.ck
on Site
1. Mix Design (1) Who approves all mix D
design (trial mix) before
construction?
(2) Does site keep record D
and report?
(3) Does site QC engineer [ ]
adjust water and cement
content to achieve
adequate workability?

CS 04-3 _ Check Points for Mix Design
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Check

Stage of Work Check Point Management Items .
on Site

(4) What is design strength | ¢  Bored pile

of concrete? )
e Footing

e Pier

¢ Cross Beam
e Girder

e Slab

(5) Does the site consider

the slump for each
structure?

L[] OO0 0ood

(6) Is re-trial mix D
considered, if
construction material,
weather condition and
type of cement are
changed?

(7) If re- trial mix was [ ]
conducted, was record of|

re-trial mix reported to
Lab?

CS 04-3 _ Check Points for Mix Design
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Check Points for Construction Plan CS 044

Project Name -
Location -

Project Manager

Date & Time -

Checked by -

Check

Stage of Work Check Point Management Items N
on Site

1. Construction Plan |(1) Has construction plan D
made out?

(2) Do the contents of D
construction plan follow
the manual?

(3) Does construction plan D
include construction
method in rainy season?

(4) Is preliminary survey []
conducted before
construction and its

record kept?

(5) What kind of detail plan []
and procedures does
project manager prepare
before construction?

CS 04-4 _ Check Points for Construction Plan
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Check

Stage of Work Check Point Management Items .
on Site

2. Preparation (1) Does site engineer D
Works prepare bar bending
schedules?

(2) Which items does steel D
fixer manage for rebar
fabrication and
installation?

(3) Does site engineer check D
the spacing, covering,
lap length and fixing
condition?

(4) Does site engineer make D
structural calculation for
formwork and
falsework?

3. Assembling and |(1) How often does site D
Checking engineer check
assembling of rebars,
formwork and
falsework?

4. Others (1) Has site engineer e Social Condition D
considered to manage

negative impact on

social and environment _
condition? ¢ FEnvironmental D

Condition

CS 04-4 _Check Points for Construction Plan
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Check Points for Storage of Materials CS 04-5

Project Name -

Location -

Project Manager

Date & Time -
Checked by "
Stage of Work Check Point Management Items Che.ck
on Site
1. Storage of Cement |(1) Is the storage method - Facilities

appropriate?
* Method of piling

* Moisture prevention

+ Ventilation

(] DO OO

(2) Is storage quantity
adequate? Is the balance
with the consumed
amount considered?

(3) Does store manager D
manage storage period
of cement bags?

(4) Does the store manager D
understand and manage
storage location for each
delivery date? (To
follow “First In, First
Out” system)

CS 04-5 Check Points for Storage of Materials
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Stage of Work Check Point Management Items Check

on Site
2. Storage of Coarse |(1) Does the store manager |¢ Cover by water proof []
Aggregate (CA) arrange proper storage sheet
and Fine methods?

e Separation of aggregate
Aggregate (FA) e Drainage

0 O

e Moisture contents

(2) Is storage quantity
adequate? Is the balance
with the consumed
amount considered?

[]

3. Storage of Water |(1) Does site engineer D
manage suitable storage
method, volume and
countermeasures for
emergency case?

4. Storage of (1) Is storage method D
Admixture appropriate?

CS 04-5 Check Points for Storage of Materials
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Check

Stage of Work Check Point Management Items 4
on Site

5. Reinforcement Bar|(1) Does the store manager D
(Rebar) and manage appropriate
Formwork storage method on site?
materials

(2) Does site engineer D
manage removal of
formwork materials?

(3) If construction site is in D
coastal area, does it
make protection from
salty wind (moisture)?

6. Records (1) Does store manager have D
store record of cement,
CA, FA, admixtures,
rebars and formwork
materials and inform it
to site engineer?

(2) Does store manager keep
the quality control
certificate submitted by I:‘
suppliers?

CS 04-5 Check Points for Storage of Materials
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Check Points for Production and Procurement of Concrete CS 04-6

Project Name -
Location -

Project Manager -

Date & Time -
Checked by -
Stage of Work Check Point Management Items Che.ck
on Site
1. Production (1) Which method is used D
Facilities for weighing?
(2) Is calibration for scales | g Frequency: D

carried out and
recorded?

[ J i :
(3) Which mixer with Batehingplant: -

[]

capacity is used on site? | ® Gravity mixer m? ]

® Others m? ]

(4) What kind of ® Mixing time []

management does site ® Charging sequence of ]
engineer make for material

mixing?

® Tolerance of each o
material

® Others ]

(5) What kind of concrete is
rejected and modified?

CS 04-6 _Check Points for Production and Procurement of Concrete
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Stage of Work

Check Point

Management Items

Check
on Site

(6) Does site engineer
consider mixing under
hot weather?

Procurement from
Private Supplier

(1) Does site engineer
manage proper plan to
control the quality?

Sampling and
Testing

(1) What kind of tests are
carried out on site and
who approves it?

Slump test
Chloride contents
Air contents

Temperature of
concrete

OO0 0O

CS 04-6 _ Check Points for Production and Procurement of Concrete
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CS 04-7
Check Points for Transportation and Handling

Project Name -

Location -

Project Manager

Date & Time -
Checked by -
Stage of Work Check Point Management Items Che'ck
on Site
1. Transportation & (1) Which transportation Transportation
Handling and handhng.methods o AgitaborTrotk ]
are used on site?
e Dump Truck L]

[]

e Manpower

Handling

e Concrete bucket
e Concrete pump
e Shoot (chute)

e Wheel barrow

] oooo

(2) Does site engineer
prepare sufficient
equipment and consider
countermeasure plan in
advance?

(3) Does site engineer D
manage delivery time?

CS 04-7 _Check Points for Transportation and Handling
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Check Points Before Pouring and Methodology of Pouring CS 04-8
Project Name -

Location -

Project Manager

Date & Time -
Checked by -
Stage of Work Check Point Management Items Che'ck
on Site
1. Preparation (1) Does site engineer make D
before pouring necessary arrangement
for rainy and hot
weather concreting?

(2) Which points does site | ® Equipment []
englqeel; check before e Arangement of ]
pouring: sufficient workers

e Cleaning condition ]

(3) Does site engineer check D
equipment condition
before pouring and
consider countermeasure
plan?

CS 04-8 Check Points Before Pouring and Methodology of Pouring
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Check

Stage of Work Check Point Management Items <
on Site

2. Methodology of | (1) Does site engineer D
Pouring manage proper pouring

sequence for

construction?

(2) What kind of vibrator D
is used on site and its
quantity enough?

(3) What kind of [ ]
management does site
engineer make for
consolidation
(compaction) and
finishing?

CS 04-8 Check Points Before Pouring and Methodology of Pouring
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Project Name -

Location -

Project Manager

Check Points for Curing

CS 04-9

Date & Time -
Checked by -
Stage of Work Check Point Management Items Che?k
on Site

1.

Plan of curing

(1) Is curing method
appropriate?

(2) Is the outside
temperature low or

high?

(3) Does not concrete
surface dry?

(4) Is there no sudden
temperature change
during curing?

Curing method and
period

Quantity of materials
etc.

Outside temperature

Weather

Wet condition of the
surface

Curing temperature

[]
]

(10
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Check

Stage of Work Check Point Management Items .
on Site

1. Plan of Curing  |(5) Is there no vibration e Having or not having of D
during curing? vibration

(6) Do not receive impact Having or not having of D
during curing? vibration

(7) For water curing, Is the [ ]
quantity of storage water
is adequate or not?

2. Wet curing (1) Is not concrete surface e Wet condition of the D
dry?
surface
(2) Is the curing period e Curing period D
appropriate?

e Method of water

[]

(3) Is it appropriate to

keep concrete surface supply
wet? e Strength of initial age D
3. Curing for (1) Is vibration, impact or  |¢  Acting of external force D
protection excessive load acting on
against harmful uncured concrete?

effects

CS 04-9 _Check Points for Curing
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Check

membrane curing

combination with wet
curing

(2) Is material selection
appropriate?

(3) Is the time of spraying
appropriate?

(4) Is the spraying method
appropriate?

Stage of Work Check Point Management Items y
on Site

3. Curing for (2) Whether an excessive |  Acting of external forces D

protection load is applied to the at early age

against harmful initial material age

effects
4. Curing method  |(1) Is method appropriate? |o¢  Method of curing D

for formwork

(2) Is the surface of e Condition of formwork []
formwork dry?

5. Liquid (1) Whether it is applied in |¢ Combined use with wet D
curing
Material used D
Timing of spraying D
Method of spraying D
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Check Points for Joints CS 04-10

Project Name

Location -

Project Manager

Date & Time 2
Checked by -
Stage of Work Check Point Management Items Che.ck
on Site
1. Joint (1) Does the site plan the D

construction joints?

(2) What kinds of treatment | ® Clean cut method
are used for construction

o ® Brushing method
joint?

® Others

HEEN

(3) Which treatment is used D
to prevent water
leakage?

CS 04-10 _Check Points for Joints
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Check Points for Remedial Work CS 04-11

Project Name -

Location -

Project Manager
Date & Time -

Checked by -

Check

Stage of Work Check Point Management Items 5
on Site

1. Remedial Work |(1) Aer there some defects D
of concrete structure?

(2) Does site engineer check \:]
and manage defects of
concrete structure?

(3) Did site engineer find D
out the cause of defect
and consider the
countermeasures?

(4) Does site engineer keep D
record of defect and
report to QC Head
office?

CS 04-11 _Check Points for Remedial Work
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Table-(2)

[Check Sheet for During Each Activity (Concrete Pouring Activity) ] CS 04-12

Site Office

Project

Structure

Structure
Parts

Design Mix

Checked by:

Pour Lift

Time Check

Item

Activity

Check Items

Describe

Check

Preparation

O 0 [N v |~ WO (N

Preparation

Are all equipment clean/ no dirt?

Is the surface of formwork wet?

Inside formwork, make sure no foreign items such as
wood chips and tight wires, etc.

Make sure no tight wires at rebar’s coverage area.

Take out all laitance on surface of hardened concrete and
let it wet.

Do you have extra pouring men*1 as for stand-by?

Do you prepare the extra vibrator as a back-up?

Did you check the generator condition before start of]
pour?

Did you explain enough the pour plan to all workers?

Transpor

Transport

Is the time, from mixing to finish pouring, appropriate?

Concrete Pour

Concrete
Pour

Send mortar through concrete pipes as lubricant before
sending fresh concrete.

Is all formwork and rebars tight and straight?

Are you pouring fresh concrete straight down/ vertical
so that no follow horizontally?

Are pouring fresh concrete continuously until all
concrete poured?

Are you pouring fresh concrete so that its surface is flat/
horizontal?

Make sure each layer of fresh concrete pour is less than
50cm.

When pour in more than 2 layers, keep proper time
between layers not to let lower layer start hardening.

Keep height between outlet of fresh concrete and surface
of poured concrete within 1.5m.

Pour fresh concrete after taking out bleeding water of]
poured concrete. Do you have a plan of who takes,
where to take from and how to take?

CS8 04-12 _ Check Sheet for During Each Activity (Concrete Pouring Activity)
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Item

No Activity Check Items Describe|Check

Make sure insert vibrator into poured concrete for about

10 cm.

Make sure insert vibrator vertically and keep distance

less than 50cm between inserting points.

3 Keep vibrating period between 5 to 15 seconds.
Concrete |During concrete compaction, make sure vibrator does

Compaction|not touch rebars.

As close to the final surface, re-compaction near surface

shall be carefully/ thoroughly vibrated.

6 Do not flow horizontally by vibrator.

Take out vibrator gradually so that does not create holes

in fresh concrete.

Concrete Compaction
=~

When fresh concrete surface may dry prior to the
1 hardening, provide sheet over the surface to protect
surface from sun shine and wind browning.

Curing |Keep fresh concrete wet.

3 Keep fresh concrete wet for appropriate period.

Take out formwork and scaffolding after the concrete
earns appropriate strength.

Curing
N

Required
Items, etc.

*1: pouring men means workers that excluding not directly working staff such as
supervisor, engineers, pump operators, etc. from all staff and worker related for concrete
pouring and compaction.

CS 04-12 _Check Sheet for During Each Activity (Concrete Pouring Activity)
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