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Building Health Inspection and Structural Strengthening: A Case Study of
the Burnt-out Royal Thai Embassy Building at Phnom Penh, Cambodia

'" I
1I'I1~@'Itli)

'..nn bVl'ilm"m,hh::;Yid~ bbG~::;'OiI~1v-Jbt:-JlG'Hl1U'Vl'il1'Vlf'J, , "
ill m~'lAJU~b1Jru 1Jd::;b'Vlq>ffi~'IAJ'lfl~f)1U~ 29 ~ndlfl~ 'IAJ.f1,, ~ "
2546 b;]ut:-J~'V1l1V1mflld1~~1Jml~b~f'JVllf'J.;r~~du~b;]U

flmil'il f'Jmd~ bb~dm~fl~l~ md1J~1J1Jd~'lff)~bb'1f~mmdb~f),
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Abstract

As a result of January 29, 2003 anti-Thai

riots with widespread protest and deconstruction

of the Royal Thai Embassy in Phnom Penh,

Kingdom of Cambodia, the Thai Embassy building

was badly damaged both architectural and

structural components by the setting fire. Repair

and restoration the building to its normal functions

were simultaneously carried out For structural

matters, structural strength and stabilities were

preliminary investigated via various inspection

techniques, to set guideline for improvement

Inspection techniques for the building are

surveying, investigation, and testing. Most of

the investigations and tests were nondestructive

tests. However, the executed destructive tests

involved coring test which the results were

compared with those from the nondestructive

tests. A graph showing strength relationship

between destructive and nondestructive tests

could therefore be built for correction adjustment

to nondestructive tests. Actual structural load

test of the burnt members, especially flexural

members such as floors directly exposed

to fire, were performed before and after

strengthening with carbon fiber sheets. The



test results provided confidence in using the

strengthening structure.
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1. 'JJ't1'U.1

'OJlnnl'~'1f~u~1J1'~Yi1.:i bbG1~b~lm ml',Hllu'YI<1l1 'YIe.J, , '"

1Jl'~-oJlm.:i'V1U~b1Jf!! 1Jl'~b'YI~n~'V1'1fl b~e:),1U~ 29 ~nl'lfi~, '"

'V1.~. 2546 vll1vrmm~.:i'VI~(9I~.:i~-oJ1U1U6'!l~'VI~.:ilJr'lliml~

bfle.J'VIle.J ml'1J~'U1Jl'.:i'1f€l~ bb'1f~m ml'-oJl bllW;i€l.:if1l'u.:ifi.:iml~,
~Ufi.:ibb~.:ibbl'.:i'1J€I.:i1m.:i~~WJl ~.:i€l~lu~m'V1~l oii.:ilWil€ll1J1Jr'"

'VI1€1hJ ~fl1U l(91.;r€l.:i'1f€l~b~1~nl~.:in€lUml' 1oii.:ilUbbG1~~

fl1U l(91~ml''YI'Uvllm e.J ~.:i~ U~.:i~ ml'vll bllu~l~'U bbl'n ~€I,
vll ml'<1l1'1'OJ1J1'~b51u~m'V1'1J €I.:im fill' ~G1'1J€I.:iml'm1'OJ~m'V1

mml''OJ~vll1vr'YI1'1'Uml~bfle.J'VIlmbG1~r11~.:i'1J€I.:i 1m.:i~~.:i~~.:i

fi.:i~€I~ vll1vrnl'VIU(9IbbU1'Y1l.:iml'bbflt'1J lJrmiu€lu~ubbG1~"lI1e.J'"

~~l.:iml~~U h 1uml' 1oiimml''il€ll1J

ml'<1l1'1'OJ1J1'~b51ufl11l'V1mml'~mU 'YI<1l1'YIe.JlJr b~~'", , ,. A '" V '" A"," v '"
(9IlbUUml'b~mU'YI 6 ~nUle.JU 'V1.~. 2546 bbG11b~1''OJ1U'YI15,
51nUle.JU 'V1.~. 2546 ~.:ilJrm~mbu1'Y1l.:iml'm1'OJ~€I'UbbG1~,
1bml~'I-1~G1<1ll~~lJrm1ld'iil.:i.;rU ~G1ml'm1'OJ1J1'~b51uvll1vr

ml'U1l1m.:i~~1.:i~bllufi€lUn1<1l bm~b'VI~n ~.:i€l~lu~m'V1~loii'"

.:ilUlJr ~1m.:i~~.:i'lli bb1'.:i~(9I'Ul.:ifl1U~.;r€l.:ibm~nl~.:i b'V1l'l~'V1'U

1lbn(9ll'€lmb'iln~1'i11'.:iGllbb'VIoU.:ib'VI~mm~'lli~~u\9i'G1'U 1u'1Jrn~
.vv~v "" A"

'YI(9I~€I'UmG1.:il''Uu l'VIUn'Ul'l''YIn bb~1l ~G1m1'1 bfil'l~'VI'OJ~bb~(9I.:i,
1ll'€I e.Jbb'iln~11~ Ul~lJr bn (9I'OJlnml'~'U,x l'VIUnml''YIn'YI(9l~€I'U,
l~lJrn<1ll~ bb'ilml'bm~nl~.:inbllU1~m~"lI1e.Jvll1vr1fil'.:i~~.:i

fl1U ~ U~'V1'l~ml'~ml'~'U,xl'VIun~~~u ~~l.:iml~ b*€I~U

1vrnm:J~ b~ m.iJ€I.:i'YIn~l e.J fll'VI~ml e.JG1~b~e.J(9Ib~ mn'U'" ,

m1'1 bml~'I-11ll'€I e.J~11~bn(9l~U~ Ul~lJr bn(9I'OJlnml''lli,xl'VIUn

ml''YIn'YI(9l~€I'U~.:i'OJ~lJrm1l1 1u~1~'U'il€ll1J,

,
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2. 'lIi)3JiUfl!l1fl'JJi)1f11'3
..

~mu'YI'ill'Y1e.J1Jl'~-oJlm.:i'V1u~b1Jru 1Jl'~b'YI~n~'V1'1fl'" ,~ '"

1J1'~n€l'UJr1e.Jmml'~1~'VI~.:i lJrbbn mfill' A bllumfill'

fllUn.:ilU~.:i 4 ~U mfill' B bllumfill'b~e.J.:i'llil'€I.:i~Ub~m'"

bbG1~mml' C bllulhuVjn'1J€I.:ifirn~'YI'iI~fi1l~~.:i~€I.:i~U'" '"

w~ 1 bb~(9I.:iGllbb'VIoU.:iml'~(9I11.:i'1J€I.:imm~.:i6'!l~'VI~.:i'"

mfill' A ~.:ibllumfill'fllUn.:ilU Ji.:i€l~ln"'nuu l'V1qJ~ln~~(9I'" ,

~.:i bllUmfill''VI~.:i bbl'n~ ~'1f~u~'Umn b.iJlfi.:i bbG1~1l.:ib'V1~.:i'"' , , ,
Gll bb'VIoU.:i~n ml.:i b'V1~.:i bll UGl 1 bb'VIoU.:i JrlU'1J1l~U,h.:i'1J €I.:im fill''",

(b5'j€l~€I.:ib.iJl'VIlmml''OJlnnuu)mfill' B bbG1~ C bllumfill'

.,

111;1, ~~g{\;HI<Pi'Umi.:li)'f1" A, B ~~t'I:: C JI''Uo'iJ';),jji)~iJ'Uoa'Uo'Uo..

i1(91~1~nn'YI'UvllmmbG1~11.:ib'V1~.:i fiU l'Y1e.J'VIu€l€ln'OJln~mu'YI'iI'" , '"

'YIl.:iJrlU'VI~.:imml' C bb"'1l1J~Ub1€11~bb~,xl~.:i€l~'Vh.:i'OJln~1'"

JrlU'VI~.:i'1J€I.:imml' C 1Jl'~~lrn 100 b~'ill'

3. fl1'3i11'31q) @'I'31q}6fi)'JJbb~:'t1@'16fi)'JJ

3.1 m''ith''S';IfiJ

fll1'1'OJvll Mapping bb~(9I.:iml~bfle.J'VIle.J'1J€I.:ifl1U

1m.:i~~.:imm~.:i'VI~(9I m~l Mapping ~uYi'OJll'rnl'OJln

ml'b~Ufll1'1'OJ bbG1~l'~'UGll bb'VIoU.:iml ~ bfl e.J'VI1 e.JG1.:i 1Ubb'U'U bb1JG1U,
~(9Ivll'illl'l.:i-oJl bbum~~'U ml~ bfle.J'VIl e.J~ bn(91 bbti.:i'1fU(9I'1J€I.:i

1m.:i~~.:i b"llU 1m.:i~~.:i'llibbl'.:i~(9I 1m.:i~~.:i'llibbl'.:i~(9I bbG1~

~(9I bbti.:i1J1'~1J)'YI'il1~1~(9I~1Jl'm€l'U bllu 1m.:i~~1.:i~U ml'fll1'1'OJ,
bbG1~~(9Ibbti.:i1J1'~1J)'YIb"lludvll1vr6'!l~11'm~'U 1ud~'€I.:i.;ru ~€I,

. 1m.:i~~1.:ifl1U l(91~ml''YI'UvllG1le.J,

. 1m.:i~~.:i l(91~l~ll'n'j,b~ll oii.:ilUlJr bb'ilml'vllml'

'il1'1'OJ~€I'Ub~~b~~'VI1mm~nl~.:in€lU 1oii.:ilu

. 1m.:i~~1.:i1(91~1~lJr~'U~G1m~'YI'U'OJlm'V1~.:i1'V1tJ

~.:im'OJ 1~.;r€l.:ivllml''il1'1'OJ~€I'U 1(91'1 bG1e.J 'VI1€1m'OJm1'OJ~€I'U

b~€l1oiibllu~1b1J1e.J'UbYie.J'Un'UGllbb'VIoU.:i~nm'V1~.:i l'V1tJ'"

~G1ml'fll1'1'OJ.iJl.:i.;rU vll1 vr G1(9I'1J€I'Ub'1J'iI'1J€I.:iml'<1l1'1'OJ ~€I'U

'VI1€1'Y1(91~€I'U1vrbbfi'UG1.:i b~€l1vr~le.J'il€lml'~1'1J~G1bbG1~ml'bbflt'1J. ,
3.2 f'I1"SG'I"S';IfiJifeJ1J

'VI~.:i'OJln-oJlbbUnml~bfle.J'VIle.J<1ll~vh.iJ€I~ 3.1 bb"'1

~.:ivllml'<1l1'1'OJ~€I'U 1m.:i~~.:i~~(9I€I ~1 ubf1rn"Y1"t~ bfle.J'VIl e.Jl'Ubb l'.:i'" ,

fi.:i~u{j(9l<ihb~m1J'OJumn'il€lml' 1oii.:ilu 1(91e.Jvllml''il1'1'OJ~€I'U'""'
~.:iU

3.2.1 'il1'1'OJ~€I'Unl~.:ifi€lUn1'i1bb'U'Ul~vllme.JJr1e.J



Rebound Number Test 'V11f)~b1m-d1 Schmidt

Hammer Test 'il11'<iJflfJlJm~1~"fl13,1'V1~"UlJlJr;{3,lGi'1mh~,'"
113,1-oJ1U1UYf"'V13,1(91 50 '<iJ(91,

m~'il11'<iJflfJlJ11idm'<iJ l~~h 'Wt1n~fJ"'il13,1~113,1bUU'<iJ~"..
, , .

'V11n~1 U 'V1U"Vi n (91b~1fJ"~ fJYl (91flfJlJ 'il1"nlJ ~1 bb'V1U"'!I fJ"~U

1u~fJun1'il ~"'<iJ~'Vh1vtl~f11fl"dlUm13,1'<iJ~" ~"~U~"bbn'1'1I..

~1tJm1r11'V1U(911Vin(91Yl(91flfJlJbUU-oJ1U1U 12 f11 ill ~lbb'V1U"

~~fJ"m1'il11'<iJflf)lJ 1(91tJ'1'11bUU'il111"~"Ufl(91" 1u11.J~ 2 '\.1.1. ..

Rebound Number .x" 12 f11~ri1U1~3,l1'V11f11b%~tJbb~1

V1'<iJ11illl'-J1ij f111(91 f11'V1-d" 1u 12 f11~U3,l1nn11'V11mXfJtJn11

f11b%~tJd1U 7 'V1U1tJ'V11f)'W 'V11nYilJ11ij1ViGi'(91f11~U~"U~1

b%~tJ1'V1~ 'V11nl~ijMfJ111oiiq;i1b%~tJ~ul~b6'itJ 1umrn~ijq;i1

3,l1nn11'V11mXfJ tJn11f11 b%~ tJdlU 7 'V1U1tJ~"bb<1iflfJ"f11~U 11.J

'<iJ~'V11m1Yl(91flf)lJ 1'V1~ ufJn'<iJ1ndrifJUm1Yl(91flfJlJ'<iJ~fln(91e:11

1.JU%llJfJfJf1bb6'i~oJi(91 e:111 Vib1tJlJ .x"db~fJ 1Vil~f11~ b~fJiifJ 1~..

3,l1nVifl(91.. ,

'nJ~ 2 'lIiHIGl111.:1'j,Rebound Number Test..

3.2.2 'il11'<iJflfJlJ~ruJl1Yi~fJUn1'il~1tJ11i Ultrasonic,
Pulse Velocity Test 'V11fJ PUNDIT Test m1'<iJflfJlJ

bblJlJr;{3,lGi'1mh"113,1.x,,~u 45 '<iJ(91, ,
11idbuUf1111 oii~~Um13,1~Ufl~b Y\fJU~" ~huGi'1nm"

~~fJ"m1'il11'<iJflfJlJ bb~11(91b1m~~~u~"~lU 1(91tJ1.JnGlbb~1~~U

'<iJ~~"~luGi'1nm,,~ijm13,1'V1U 1bbUU3,l1nl~~n11m13,1'V1U 1bbUU

UfJtJ ~"~U'V11n~fJUn1'ilij1Yi1U'V11mfJtJbb'iln~11 ~~Ubflm.. ,

'<iJ~ 1oiin m b~U Yl1" ~lU3,l1nn11 ~ f)Un1'il~ij bdfJfl~l bfl3,lfJ

b-dfJ"'<iJ1n ml3,1 b~1'!1 f)" ~~ubuuif(91r;{1unm1n~flfJ"

'!IfJ" 13,1(91~fl~(91'V1e.1U'!IfJ"~fJUn1'il bb6'i~bUuif(91r;{1Uc-.Jh~unlJ.. ,

11n~flfJ"'!IfJ"m13,1'V1U1 bbUU~fJUn1'il tl113,1(91~fl~(91'V1 e.lU'!IfJ".. ,

~fJUn1'ilbUuif(91r;{1UnlJl1n~flfJ"'!If)"r11~"~fJUn1'il (ACI 318)

~,,~U ~113,1b~1'!1fJ"~~U(Pulse Velocity) '<iJ~buuif(91r;{1U

nlJ11n~~'!I fJ"r11~" ~ fJUn1'il Ufl(91"11rh~" ~ fJUn1'il~

b1.J~ tJuu1.J6'i"'<iJ~r;{" c-.J6'i<1ifJ~113,1b~1~~U UfJ tJ3,l1n m1'il11'<iJflfJlJ

~1tJ11id~" 1~b'V13,11~~'<iJ~U13,111oiibuuGi'1'il11'<iJf11r11~"~fJUn1'il

1(91tJm" u<1iijm13,1b'V13,11~fl3,lVi'<iJ~ 1oii'il11'<iJ~ruJl1YifJf)un1'il,
.v .. d...,

3.2. 3 'il11'<iJflfJlJf116'i"~fJUn1'il bblJlJn"Yl1m tJ(911tJ

CAPO Test b~fJn'il11'<iJflfJlJ~f)Un1'ilbm-oJ1U1U4 ~U

11.J~ 3 U6'i~ 4 bbfl(91"f111Yl(91flfJlJ bb6'i~~lbb'V1U"~Yl(91flfJlJ..

'!IfJ"bb<1i6'i~mm1'il13,1~1~lJ

111~ 3 'I1lP1ifil'JJCAPO Test..

3.2.4 'il11'<iJfl111Yif111bn(91~1{lJmu-/iu bb6'i~1.J~3,l1ill

~6'if) h(91'U~fJUn1'il 1(91tJb'<iJ1~1~fJUn1'il~bfl1bb6'i~mUbb~1'\.1.1..

Gi'1mh"~fJUn1'il 11.JYl(91flfJlJ'V111.J13,11ill~6'ifJ hC?i 1~ b'<iJ1~..'"., v «v.,..
U6'i1UUYl (91flf)lJ'V11 m1lJ fJ bW1)'U(911 tJ 1111%(91 fl116'i ~m tJ

Phen 01phthale in 'V11n~fJUn1'il ti"ijfl111Yi ml3,1 bUU~l"

'<iJ~1.J11n{)bUUfl~1" ~UUfl(91"11 ~fJUn1'il ti"fJ ~1 Ufl111Yi~~

'WijmWf)U 1(91fJf)nl'lfC?i'V11fJmmffl'V1m-ih11.J'V111.J~mmmtJ1u

tl1~(91u~11~1.J11 n{)flUfl(91"11~fJUn1'il ijflmYi buunm"

bYi11~ijm{lJfJU 1(91fJfJnl'lfC?ibbmn~3,I b-n111.J'V111.J~il~mnlJ
.. '1 '1«~ J'.. .. d"

bb~6'ib'lftJ3,Ib~(911fJn b'lf(91bUbUfJ~fJUn1'il flmYi~fJum'ilYldJu

n6'i1"b'liud'<iJ~b5fJ 1fJmfl1Vib'V1~f1buuflit3,l1~~ltJ G'h'V1'fum~11

flmUYl'il 1YltJ~1oii"lU3,l11~u 1uij1e:Jf11mil(91~1{lJf) bU-/iU..

1~3,l1f11Xn U<1i~1'V11lJf1111.J1lJ1.J1"~~" 1'V1ruf1b~ufl3,lm11 Vi, ~

'V11m1m1'<iJflfJlJ~1tJ

3.2.5 Coring Test b'<iJ1~bbf1U~fJUn1'il'!lU1(91b~U~lU
« . ,v"..d

ffUtJn6'i1" 10 '11'3,1.'<iJ1U1U 11 UYl"'il1fJm" unU~fJUm'ilYlb'<iJ1~..

'<iJ1nmm1 A bUU~lu'V1u,,~l~~f1bYi~" l'V1iJ b~fJ loiibmtJlJbVitJlJ..

nlJuriu~fJUn1'ilmm1 B bb6'i~ C ~t1mYi~"l'V1iJ..

U1uriu~fJUn1'il~ b'<iJ1~1~3,l1Yl(91flfJtJ1UVifJ,,1.J~tiGlm1



bb~1U lnl~~ f1€Jufl1~~1\91d-Jl btJ1~'U bYi~'Un'U~h~l\91~l flflld

~d1~6'!€J'Ubb'U'U'W'YhG'll~ lu~lbb'VI-u~ lfl~b~~~nu b~~UbUUfldly.J

ml:I-J~:l-JYJUTI (Strength Relationship) b~€J loiftJ~'Ubb1l

t:-JG'lflld'VIc;)6'!€J'U bb'U'Ul~'Yhm~ 1 U~lbb'VI-U~5u
'"

3.3 m''t161ifiliJfhi-3~iJ\hVlii:n

b~€Jfl'VIc;)6'!€J'Unl~~W;{l'VIUfl'UTI'Vlfl'il€J~~U lumf11d Aq

~~€J tJ~~U6'!€J~ bbG'l::;€JtJ~d~n'U~l bb'VI-U~~t1ml~ b'\'ll~~ bUU~l bb'VI-U~'IJ 'IJ 'IJ

bbdfl ~U~UdbUU~Uf1€Jufl1~bm:I-Jb'VI~fl'VIG'i€Jlu~ ii'ilUlC;)

6.00 X 8.00 :I-J.bbG'l::;'VIUl10 ~:I-J.ril'VIuc;)lV1~'U;{l'VIUfl'UTI'Vlfl
q

~d 300 flfl./:I-J.' 'Vllflld'VIc;)6'!eJ'Ulc;)~ loif;{lbUU;{l'VIUfl'Udd'VIfl
q

bbG'l::;'VIc;)6'!€J'U~l:I-J:l-Jl~doJ1U ACI318-89 dtJ~ 4 bbMI~~lbb'VI-U~.. 'IJ

~U'ileJ~mf11d A ~'Vllflld'VIc;)6'!€J'U

(. ..

~ '" 11-
'iitl~ 4 ~~N'U.N-3~~ifGl-3Gil~~\II1.i-3~'U.~'U.ifil-3'JJiI-3i11Al'ii A
'IJ . '"

.. 0 '" '" 0 '"
't1't1G1ifiliJfl1i1-3'iiiJ'U. 1\11'U.fliJ'ii'ii'l1fl

q

4. ~~6ha';)~ <PI'ii';}~geJlI~~~:'t1<P1geJlI

4.1 IiIlnm'al'11i1~UI:::'t;, Mapping ~lL~'U.nA11aJ~a!l\lll!1'JJiI-3
'"

'\'" '" '1'" .1"'''LA'-3if'l-3 ~6IN6'lif'1J6I-3'U..
. '\'II'U':hmmdC ~~bUUmf11d~YJfl'il€J~f1ru::;'VI~ 'IJ

l\91~'Uml:I-J bfl~'VIl ~:l-Jlfl~6'!c;) lm~'VI~~m~~ bUUb'VI~fluc;)&h
q

bfl~~tJ:l-Jlfl ~U~U6'!€J~bn€J'U'YJfl~Ubnc;)Spalling bbG'l::;m:iwih

€JtJl~b~U 1\91'iic;) ~~b~U6'!:l-Jmd~€Jt1€JUbb~16'!~1~ 1'V1~

. mf11d B lm~'VI~~mb'VI~fl'VIG'lc;)'h~G'I~:l-Jl'VlllV1q

o/(€J~'Vlllm~'VI~~f111'V1~~~'VI:l-JC;)luci1u'iI€J~ lm~6'!-n~f1€JUfl1~

l\91bbr1 b6'!l ~U bbG'l::;f11U iib'il~1f11W;;'Ub~:I-J~1'U~b1ru bb<il

1~bnC;)flldbbe:iu~1'V1~€JuC;)~1 ~~ril'VIuc;)lV1'Vllflld~d1~6'!€J'U

lm~6'!~1~b~'\'II1::; luci1u~buuf1€Jufl~~ ~1:I-Jdl~G'I::;b5~C;)~flG'i11

luvhoii€J 3.2

. mf11d A ~~buummdbbdfl~t1ml~b'\'ll~~ fl~'Uii'IJ

ml:I-Jbfl~'VI1~ib€J~~6'!c;) ~lbb'VI-U~~b'\'ll~~l'V1~:l-Jlfl~6'!c;)lummd
q q

~€J'U~b1ru\911U'il11 (:I-J€J~~lflt1UU l'V1tiJ) bbG'l::;€J~'U~b1ru~UG'il~

b'Yh1iu ~~'Vllflld~d1~6'!€J'Ulm~6'!-n~b'1lub~mn'Ummd B

4.2 N6'I't161ifiliJfhi-3AiI'U.n;6IliIln Coring Test .n1!1\11i-31i11n

m,iJ~m~n~h@'llaJaJl@'1nl'U. ASTM C42 1Gi'N6'I~-3L~if6l-3~'U...
..1
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11.44
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1UI

@'I111~~ 2 @11'U.4i1!J~1)'U.~1rl1i'~AiI'U.fl;~~-3 50 @1,)iI@h~

~~iI:::@11'U.'JJ,)1~1)'U.fl1'ii\ll1~1 Tenth Percentile Strength

4.3 \tlN6'I Rebound Number Test ;j@'l'-3fiiJGil~~'VI'I4-3

I .. !!I"'''~
~liIl:::L~n'U.AiI'U.n'@'I (Coring Test) aJl'V11A11aJ!II3J'W'U.fj~1J'U.

Strength Relationship

~l Rebound Number Test ~l\91~lflflld
"

~d1~6'!€J'UYi'~'VI:l-JC;)50 ~c;) Ul:I-Jl'VI1~lril~~f1€JUfl1~~lfl
q

Strength Relationship bb~1~lU1ru'VI1Tenth Percentile



~trength l~\'VhnlJ 218.89 nn./'1f:J.J.' ~~llft<>l~lUCilldl~~ 2
..

4.4 N6I1P111fi1ifa1la'U.

4.4.1 ~6'1nld'Vl<>lfteJlJ CAPO Test Hlfllnlr;\~

~eJun~Cill'VhnlJ219.50 nn./'1f:J.J.'

4.4.2 ~6'1Cild'i"JfteJlJ~'WPUNDIT Test l~~6'1",h

~rnm'IAI'1JeJ~~eJun~Cil~<>IeJ ~1 ulnrn.n~, ~

4.4.3 m~lJmuojfulu~eJun~Cil (Carbonation

Depth Test) 1<>1m%~tJl'VhnlJ 2 '1f:J.J.ll6'1:::m:J.Jlrn~1;'mld~
,

lu~eJun~Cill%~tJ 0.17%
'" "',0 '" '" 0 '" ......

4.5 N6I'I1lP1ifa1lm6l.:l111'U.''W'U.n1l11'11n'1la.:l'W'U.~'U.a.:lfilln'1lnl.::,
~'" Jt.. "'.d..

'I1lP1ifa1l'U.,'W'U.n1l11'11nif.:liflPl 'W'U.~ nlPlm1~~lPIn1'1'11111~ 1nl., ~ ,

'11£111 Al'U. ~.:I G1£1.:1tJ@i m1'11lP1ifa1l ~~ 61::iJ6IIPI,z"IIIii: n1l11'11 n a a n, ,
'I1'U.;; ~hm1~UI'U.G11~11P11G13JlnifIPlAa 2.25 3J3J. ~~aiJ6I1P1,
J ,'Wii:n1l11'11naan ~~~111P1~hm1~~ ei'U.G11A.:I~1 Gi~'.11"11 0.40,'", '" ..~
3J3J. ~~N'U.'W'U.3Jm1A'U.1PI1 1.85 3J3J. AIPI~1J'U. 82% '1Ia.:lm1

~~B'U.G"

... f{
5. 1J'YI1bA'31:'W

. dJu~'1-hiif~ In Cil"hnlr;\~~ eJun~Cil~l~"Jln llriU

~eJun~CilCild~Gllll'VIu~~1~1<>1ul'IAI~~1'V1~'1JeJ~mmdA (252.65

nn./'1f:J.J.') 51flllm\ l~ tJ~nlJnlr;\~ ~eJun~Cil~nl'VIu\?11u

ulJlJllll6'1Ur1eJft-n~l~:J.J (240 nn./'1f:J.J.') uGinlr;\~~eJun~Cil'1JeJ~

mmd B ll6'1:::m~ld C nr;\lJ51~lft~n11 1<>1m%'IAI1:::m~ld C
~

~~ 1<>1Ul'IAI~~l'V1~:J.Jln~ft\?1 nlr;\~~€)un~Cil~'Vl\?1fteJlJl~51~l,
;).Jln~ ft\?1 ~ 6'1~1~ m"J.] \?1nm11 eJTIlJl tJ Cill:J.J'VIr;\n1'1flnld,

~mi1111nlr;\~ ll6'1:::fl11:J.J\?1r;\ft~\?1'V1~U'1JeJ~ ~eJun~Cil"J:::51 fll~ ,

6'1\?16'1~l~mm l'IAI~~1'VI~ llGi"JlnmdCild1"JfteJlJftm'lAlm~ld
~

~t:1n l'IAI~~1'VI~'VIm tJ IIvi~'IAIlJ11nlr;\~ ~eJun~Cil~1~"Jlnmd'V11
~

Coring Test ~~Ul"J:::lVi~6'1lliu~l~eJrieJ:J.Jln~~<>Inr;\lJl~fll

ft~n11l~:J.J ~lliul 'lfU dm"Jlliul'lAldl:::ml:J.J~eJu"Jln l'IAI~~1'VI~
~

'V111Viml:J.J~u lu~eJun~Cild:::l'VItJeJeJn ~eJun~Cil~~lll~tJuftm'IAI

",I '" Jt ,'" 0 ~ ...'" . I Jt... v:::
luUll'1J~'1JU llCilnm"J'Vll b'VI:J.Jftm'IAIludl::::J.Jln'1JU\?11tJ <>I~UU

'VIln"J:::~eJ~l.jf~lu lu~hu~~mi11mdf)lit~n~ Ducti lity
'" ...

'1JeJ~~eJundCil\?11tJ

. Tenth Percentile Strength "Jln Rebound

Number Test l'VhnlJ 218.89 nn./'1f:J.J.'>0.85fc' (fll fc'

$ieJfllnlr;\~eJ\?1'1JeJ~~eJun~Cil~d:::lJ luulJlJl'VhnlJ 240 nn./'1f:J.J. '),
llft\?1~11~eJun~Cil~~eJ~lulnrn.n~l.jf~lu1~~

. ~6'1mdm1"JfteJlJ~1~lJmuojfuu6'1:::1I1:J.Jlrn~6'1eJh~

1U~eJun~Cil Uft\?1~11~eJun~Cil ~~~~51ftm'IAIlliu~l~ lliu

Passive Environment eJ~1~~~'V111Vi Oxide '1JeJ~l'VI~n

~~~~lftii mm'lAleJ tJ1Ji1~ dl\?1ftu:J.J
~ ,

. liteJ~"Jln'V1u'1JeJ~mmd A Vi'V11md'Vl\?1fteJlJnlr;\~TI.J

,xl'VIUnlJdd'Vln dl\?1mdUCiln~11lJ111rnGllll'VlU~ 1:J.Jl:J.JU~6'1lJ,

~~~eJ~ tJ ~nld'Vl \?1fteJlJ lyJeJ 1~1 Vi lfi \?1~11:J.J l~tJ'VIl tJ:J.Jln~u,
r;\mfrn:::~~ullCiln~11l'lfudm"J'V111Vil-ih h11l'VI~mm:J.J~~lJ

1:J.Jl:J.JU~6'1lJ~lJUd~~~ 1~1 'VI1~~lfi<>lmd~\?1~h ll6'1:::,ium"J

Uft\?1~11~U~lJ,xl'VIUn1~1~ uGiml:J.Jlliu"J1~ll6\1~1tJ,xl'VIUn

lJdd'Vln~'V11md'Vl\?1fteJlJ1~ul"J:::'V111Vilfi\?1Tensile Stress,
lfiun11nlr;\~'1JeJ~l'VI~mm:J.J"J:::TI.J 1~ deJtJuCiln-n1m"J51eJ~r1eJu

~, , ...",' '" ... '" "'.. ov
llCil:J.J'1JUl\?1l6'1n:J.Jln"J~ mn'Vl"J:::'IAIlJ l'VIU l:J.JeJ'Vl\?1fteJlJUl'VIUn

lJdd'YJn~u51mduP)u~1'V111 VideJ tJUCiln~11'1JtJltJ 1'VIt!J~U"JUl~U

l~ojf\?1 ml'VICil'VIr;\n'1JeJ~mdUCiln~11Ul"J:::lfi\?1"Jlnl'VI~nlm:J.J,
1~~lJml:J.J~eJu'V111Viftrul~tJnlr;\~ll6'1:::lfi<>lmd~\?1~h lId:::neJlJ

~ ~

nlJ~eJ~TI.J Ud~~~ liteJ~"Jln k b;).JU~6'1lJ~~ ~~ lliu~1d~'V111 Vil'VI~n

~<>I~1:J.Jlml6'1:::dl\?1mdUCiln~111u~ft\?1 ,

~ J ~ . . ~~ I ~ I t ~ t t t ~ t t t t t t

,
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~iJ~tI1J~;jtl1Jn1Jlha.:l~l'U. 'I11'U.bb"j.:I~IPI'lJi).:I"',t1~1PI

1<>1tJyf1111'1A1lJ11~u~eJun~Cillm:J.Jl'VI~n~1\?1ul'IAI~~ 1'V1~

"J:::lfi\?1mdllCiln~11~GllU'VIU~ 1:J.Jl:J.JU~6'1lJ oiieJft~iiftJ11'V111:J.J

~-:Jlliul'lfU~U m"JeJTIlJltJl$11\?1tJ~"Jldrnl"Jlnd1J~ 51m-:Jft~1-:J
~

~lJlld-:J~\?1~51ml:J.JGimiteJ-:J"J:::51 Moment Curve ~-:J

lffU~lJ~llft\?1-:Jludll (M* Id) ~l'VI~lJlffU R Id $ieJnlr;\-:J
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~lU'VllU~lJlld-:J~\?1'1JeJ-:JSection lum1:::lIn~ l~ul~11
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~U bbd ~ ~ \91'OJ::;~\91~~ bb~ ::;rlll ViU~b d rn ~bUU 1d-J bd-JUGi ~U

i1~'OJ\9IYield rle)U JidmVl<i1'd'deJmb(iln11d~~bn\9l~'IleJumu, ,
JiluUUd-Jlnn11~'OJ::;bn\9l1~Y1eJ~~U~~bUU 1d-Jbd-JuGimn

6. n1'nbn1~

biieJ~'OJln~u5hmJ bb(iln11d 1Utill bbVlU~~ bb~\9I~1Vib~u 11

fh~\j~u'!lVlibn'IleJ\j~uihbUd 1ud-J~\9I~\j ~\j~ubv1eJmld-J

tJ~eJ\9Ii1~lumd l.Jf\jlu~\jlJivhmdbbn'1.'II ~\jd

. ~ltJU~U bb~::;'lfeJd-JdeJ~lld~id~Epoxy

. b~d-Jnl~\j~uJi'wm{ueJuL'V'JbueJ{

Gll'al<3~ 3 bll;UiJL ;;U1JfI~I,Uf3J~ei'llil<3,m l&iGl~'U.,
nil'U.bb ilt1IJi<3b M3Jfha<3

1 A ~.. '" 1/
'a:u'l1 6 bbifGl<3f11'a':Jbfl'al:::'III'III'U.1G1G1'l1i1<3'W'U...

bb~umweJuLwbueJfY\1.Jfb~d-Jnl~\jij'IlU1\91n11\j 5 '1Id-J.

VlUl 1,2 d-Jd-J.biieJ\j'OJlmb~um{ueJu LWbUeJ{dju 1~\9I~~U,
bbd~~\j LJid-Jln till bbVlU\j~Gl\9I~\j~\j btJUU~b 1rn ~ bn\9lmld-J b;;U~\j

bb~::;b~d-Jnl~\j~\j~eJ~Yiff'Vll\j'IleJ\j bb~U~U nl~\j~lU 'VllUbbd\j~\9I

,,~ .,: x ~ ~ .d
'IleJ\jVlUl(il\9lb'V'ld-J'IlU\9I\jbb~\9I\jbU(illdl\j'Vl 3

7. 6f'uJ
q

7.1 ~~'OJlnmd~ld1'OJb~eJ\j~Ubv1eJ"iilbbum::;~umld-Jb~~Vll~

1 " .~" .. ~ X
'IleJ\j m\j~dl\j 'Vll bVl'IleJUb'Il(il'IleJ\Jmd(ild1'OJ~eJUd-Jmld-J'if\9lb'OJU'IlU

~ld-Jldm::;utill bbVlU\j~'OJ::;(ild1'OJ~eJUbb~::;~€Id-J~~~ eJ\jfIld LJi, '!J

bbUUeJU rlllVi\jlUtJ~UtJd\jbbn'1.'Ilmf11d lUul\jfl1Umd-Jldblrll,

mu~ltJ'V'I1eJd-Jnumdm1'OJ~eJu LJi'!J

7.2 mdm1'OJ~eJulu~ (In-Place Test) f11drll Strength

Relationshi p bv1eJlVi~eJd-J~~LJiijmld-Jbln~eJ~ri~~u bb~::;
'!J '!J

md 1.Jf Tenth Percentile Strength 'IleJ\j1~~lumdf11u1rn

b~d-Jnl~\j'IleJ\j 1m\j~11\j d-Jlnn11~'OJ::; l.Jf~lb%~mJnGlb'V'ldl::;

~l b%~ ~ L3J1JibtJu<i11 bb'VlU'IleJ\j~1eJ ~l\j~'Vl\9l~eJu LJi~~Vld-J\9I

7.3 ~wlimiieJ~~blm'V'l~\j 1m~'OJ::;d'1\91deJ ~111U~b1rn ln~. '!J

'IleJUf11U b'V'ldl::;b~eJ Flexural Capacity 'IleJ~~U~\9I~l~~

bVl~m~d-JU~b1rn'G.Jbd-JuGi~u'IleJ\j~u'OJ::;i1\j'OJ\9IYield rleJu bVl~n,
b~d-JU~b1rn 1d-Jbd-JuGimn

7.4 \jlUb~~d-Jnl~\j1m\j~11\j~1.Jfm{ueJu LWbUeJ{ijmld-J
" ""

~::;\9I1n b'V'ldl::;ijulVlibmUlbb~::;Gl\9l~\j~l~~nVi\jijnl~\j~U

bbd\j~\j~\j ~\j'lhm~d-Jnl~\j 1m\j~11\j lufl1u~ubbd\j~\j LJi~
'!J

bb<1lij~ €Ib~m4eJ\jmdVl~ \9I".ieJUb~m1d-J~ ~nu mld-J1eJU~\j b'lfU, '!J

1\91uLwb~l ~~~u mdb~d-Jnl~~mdf11u\ji1\jmrndJi1~

g, ...
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Properties Before After

retrofitting Retrofitting

Area (cm1) i,Ooo 1,009.7

Ixx (cm 8,333 8,587.9

Mu.Moment (tm) 2.661 7.06


