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Reliability Analysis Before and After Strengthening the Existing Structure due to addition of

Steel Structure on the Building’s Roof
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Abstract

The proposed research is a reliability analysis of reinforced
concrete beams and roof slab structures of a 6-story reinforced
concrete building, Faculty of Architecture and Planning,

Thammasat University, Rangsit Center, before and after
strengthening design using CFRP method, steel plate, and
ferrocement, so that the slab and beam structures can support
the additional steel structures used for co-research laboratories
and classrooms. Before and after the strengthening, the
analysis was utilized to calculate the bending moment and

shear of the beam structure and the roof slab. Considering

how dissimilar they are after that, the structural reliability
index was calculated and compared to the reliability index
target. The reliability index after strengthening is higher than

the reliability index before strengthening.

Keywords:  Reinforcement concrete  structure, Structural

Reliability, Reliability Index
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2.1.1 avwinazdu (Probability) fmgniseifisnaulaaziiniu

w30 P(E) mwadldmuaunsd (1)
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2.1.5 Normal Random Variables
Normal Random Variables T Normal Distribution (158

a

Sendntewiladn Gaussian Distribution) Wunsuanuasfid1Agy
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PDF of Normal Random Variable CDF of Normal Random Variable

x

31]17; 2 PDF wag CDF 9839 Normal Random Variable

2.1.6 Log-Normal Random Variables

L?hLLiJiaiiJ X 2z Log-Normal Random Variables e v =
n(X) \Junsuwanuasuuuun@ (Normal Distribution) Tnedi Log-
Normal Random Variables fiaduuanwindu (x = 0) Taeitns
PDF %83 Log-Normal Random Variables qzidon wse a1

FuUseavsanudiduaiuin (Positive Skewness)

o = (V7 +1) ®)

1,
/uln(x) = l”l (luln(x) ) _Eo-ln(x) (7)

PDF of Lognormal Random Variable

[ 1 2 a 4 5 6 T 8

31]171 3 PDF 98¢ Lognormal Random Variable
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2.2.1 India (Limit State)
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Awuaduileddu angdeindn (Limit States Functions) s
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Z:g(x):R—Q (8)

Tagiivin g0 > 0 axfiodilassaiegluannzuasnsiy
(Safety Mode) Tunsnduiiu wn g(x) < 0 lassasrsazlivasnse
(Failure Mode) waglasairsegluantizauna gx) = 0 9%

Bonin”fnvesnsITR (Failure Surface)” dsfio flaidunmiy

1y

I (Limit State Functions) ﬁIuLa&
The Probability of Failure, P; aziiAwinduanuiiazduues
Failure Mode lagfiozuansluguiuumes Limit State Function

waganunsamianeaunsh (9)

P, =P(R-0<0)=P(g<0) ©)

PDF R, resistance

R - Q, safety margin Q, load effect

\

Probability
of failure

0
3U#1 4 n3wl PDF 984 Load, Resistance Ua Safety margin

Tasesnindefiovedasaieiiintutu aunsafivrsaildnn
P(R>Q) azfiod lassasvegluanizasnsie 3e P(R>Q) = Ps uay
wn P(R>Q) axfioinlassadvegluaniizuasnsie vise PR>Q) = Ps
wazlumsnduiudmmniandueglugy PR<Q) dsfivaneanui
Tassadeiilivaondevieilemalun1sith dufide Probability of
Failure %30 P(R<Q) = P;

2.2.3 drunnemuuasnsis (Margin of Safety)

dausinsnuUaendetufiansananidsdumures
Tassad (Resistance) aufu Atudnussn (Load) laei
M=X(Resistance, R) — Y(Load, Q) Famnan M<0 aiimnumane

7 flemanlas@aiinsidigann wazavthinfinsanluguuuy

294030 PDF flaguil 5 Tneflaunisadl

Safety Margin, M = X -Y (10)
M>0; Safe State, M<O0; Failure state
M=0; Limit State

P= (" fy (m)dm=F, (0) (11)

rA a4

Jue(m)

<+— Failure Safe———»

Hy

g‘dﬁ 5 579 PDF Wenedie dusnemnlasnsds (Margin of Safety)

2.2.4 mpuvasnde (The Factor of Safety, F.S.)

Arudaensutuarinnsanan  mdsdunuvedasad
(Resistance) msﬁumﬂjmﬁﬂusmﬂ (Load) Taedl FSO =
X(Resistance, R)/ Y(Load, Q) wminen F.5.<1 azfanumiangin
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Y9N3 PDF 33Ul 6 Inefauniseisil

1
Pf = IOfF.S. (49)616’ =Fps (1~0) (12)

Area =P; \
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>

g‘dﬁ 6 N5 PDF uansdis mauuaense (Factor of Safety)
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wUsduiilufmnuduiusiu - 6938 Hasofer-Line  Reliability

R=py+Zyo (15) Index 15139zaansaman B Iifsaun1sd (23)
Q=u,+Z,0, (16)
. o , Y @y + Zfl_la[ux,.
1aun1sInauAie ¢(RQ) = R- Q %VngﬂLmu p= % (23)
o o a.0x,
994 Reduced Variables tanansauni1sin (17) Zizl( ! ‘)

2.2.6.2 NonLinear Limit States Function
gz(ZRZQ)Z(:uR _/uQ)+ZRO-R _ZQO-Q (an A W o oaa . ) o
WUReIUAUAS Linear Limit States Function lmgldineu

W39U9S Taylor Series Expansion Tunisuszunaum@sayldnau

EULme”thuaa ASITUAIHLTBND WUsUSIUIRINNIMES A8@13nsavAT Nonlinear Limit State

JUuuuvas Normal Distribution Function 399zuanIn1snseaemldnsaunisi (24)

e ——— (8) * * * * * *
s v ! g(XXoon X)) 2 g (X, X0 X))~ g (X X X

> (X -x; )(j—g (24)

. s x
! levaluated at (xl Xy ,...,x,,)

R 1y linearization Point Haginilouiy Aetua Mean vaeiuds
In| = , 4
0 du Nonlinear Function aguandluaunisi (25)
=TS (19)
Ve + VQ
g(X X, Xy, L X, ) > g (X, X0, XL X))
4 o LA a “ o o o £ n -\ 0g
Weapssrlianuiiiods (B) Aerdrunduves dudszdns +ZH(X,- - X, )87 (25)
i levaluated at mean values

989n15WUSAY (Coefficient of Variation (COV)) (Coefficient of

Variation (COV)) aes#entu ¢(RQ) = R-Q Tnefifauds R uaz Q
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uazazannsamen B ves Nonlinear Function sl

P
PR
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Probability of Failure #3aun1s% (20) wag Probability of

ﬂ:g(ﬂxl,ﬂxw.,ﬂxi) 26

z;(aiaxi )2

Probability of Survival faun1si (21)

p;=1-p =P(R<Q)=1-0(p) (20)

o 0
We  q =%

p. = P(R>0)=d(p) (@ o

evaluated at mean values

227 MFIATIEAIAsSSYiANNULTeiianie3S First Order

226 mIwMNzimasseiauudeiioseds First-Order
Reliability Method (FORM)

Second-Moment (FOSM)

A

First Order Reliability Moment (FORM) ansnsai3enlédnde
2.2.6.1 Linear Limit States Function | ada . and a - oA
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w\T 1
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1A5981519934
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3.4 AunnussiinszyiinuaalaseadieniunaznulngdsAas
(Ultimate Strength Design)
AUILTIlAsAT A8 (Ultimate Strength Design) TUmauwLsn
a vy v o o K o
A fesduminusYnaei (Dead Load) warumunussnnas
(Live Load) IngldansAuiauminussmnusefenuuinsgiuees

Aminssuanuwisusenalneds 1.4DL + 1.7LL UShamukasiy

MuAseT 1 uaznnsedt 2 mnedusumidifadluuddauay
wsudeugean lasnsimanisvadeunuuiusivesnouniniy
Schmidt Hammer wag Ultrasonic Pulse Velocity #84310%10135
wlanadeyaannisageusilddmiunTinneiauiiunures

lassafnndenandesgiiionsiaasuadiuaiunsanisldany

(Serviceability)
035 035
4—-DB25mm. 5—DB28mm.(Assumed)
5—DB26mm.
S, 2-RBSmm. E 2-RB9mm.
[=] (=]
2-DB2Smm.
4-DB25mm. 3-hezsmm.
STR RBImMM.00.15m. STR RB9MM.G0.15m.
Mid Span End Span
B-123

'3

3UR 12 wihdnAu B-123 Mthandiase

JUT 13 lassadramdnadaudisewiu

3.5 andlunisesnuuuiaiuiddlnenisliduruman wangy
wsadseiudng waznsldwedwesiasuduleaisuau (CFRP)

nseenuUUEIHMAIREYNseeNULULME BN ilmsngauiian
Tnglvilisnvazvedasaiomandnenssuddouudas wavld
Wldnnssuidmesmuuariiuannsadutimiindudideduldedns

Uaonasy

5UN 14 welesiasudulomiueu (CFRP)

STR35-7



e

Sufl 24-26 BsvinAu 2565 2.4T89578

N15UsEYNIVINTIANTTUTEST WA ATeN 27

The 27t National Convention on Civil Engineering

August 24-26, 2022, Chiang Rai, THAILAND

3.6 NM5IATITRANNLLYeTavaslassademIuLas Ny
3.6.1 Wntinuusyn (load Effect, Q) Faazuvoanilu 2 uuy

fin AluuAsn (Bending Moment) Wazlisadou (Shear)

3.6.2 ANUAUNIUTILATIES19 (Structural Resistance, R)

3.6.3 asswilmuindetie (Reliability Index, B

A3l R war Q iuduusquiiinisnszaefuuulnd
(Normal Distribution) Tagi519@11190%1A7 ANlGULE 89U
ﬁmﬁ'ﬂusinﬂ (Bias Factor for Load) f4aun137l (32) uazen

Sudszanansuusity (Coefficient of Variation, COV) fsaunis (33)

Bias Factor, A =

&=
&

Coefficient of Variation, Cov =

=1|Q
3
=

3.6.4 anuu1giduaulaendeidelaseasds (Probability of
Structural Safety)

Tnearuasasoddasaeiuiianuiiavfuesingn
U399 (Q azdianldiiundtAiainuiiazidu anudiuniugs
1n59a$79 (R) 2138091 Probability of Survival faunasd (20) wax

aunnsi (21)

4. wanmsIve

lunnlassaiaedinssianuiweiodmang wew3eu
Wigu 91A5¥1INe Load wag Resistance dmuvasasiononisld
£ a a oA a1 v '
nuinndeuiiieda Tnemanssydanuindedewwanedadesnia
ARSYINleINNITIAS TR LINeI TassEsialirnuUaens

TawAnssyiivneliaviananansned 3

A151971 3 61 Bias Factor, COV. uag Reliability Index Target

Load Bia Factor, ﬂ
coVv., V, target
component XD: HD/Dn ’
Moment! 1.072 0.120 3.0
Shear’ 1.075 0.100 35

'Development of a Probability Based Criterion for American National

Standard A58, 1980, P.92

MnmsAnwmsienimdeievedaseay ey
uazmdsnsUiuUsaaiuids  wuimmsnidedevedasadeay
funluuduin @) deunsuulsuaiuidsiedosiigae
-2.423 fiomu B-123 Insdln Probability of Failure (P) aniign
fio 09925 esnniueuiiinsudmindwivedn snsvh
wnfigaiflefieutuaumdug  Fwmdnvhmsesnuuudiulss
ERUMMAUAINUIIAT A1 Reliability index (B) ﬁmmﬂﬂqﬂﬁa 0.653
uazen Probability of Failure (P) fentosiigafie 0.2580 Faidu
nsUsulsnasuidsheBwiumanysziudeey faaaddunisis

s

157971 4 A Reliability Index (/) 90 limit state ndamsUsuUsa

a o v ¥ 1 2 9w 4 v s
@suiasmsLHuman A iemuulumuiuIn

a - fauNITETNAAY MEINTETUAE
A
(Tons.) | (Tons.) B P, B P,

B-122 19.840 16.940 -1.112 0.8665 0.024 0.4920
B-123 12.770 8.980 -2.428 0.9925 0.046 0.4800
B-127 35.840 26.460 -2.106 0.9826 0.003 0.5000
B-128A 14.790 13.390 -0.702 0.7580 0.056 0.4760
B-134B 52.480 47.140 -0.757 0.7764 0.018 0.4920
B-134 64.270 47.300 -2.127 0.9834 0.003 0.5000

1374 5 A Reliability Index (/) 9 limit state ndansUFUUTY

a o v v ' 3 o v 4 v <
sNAaIsLHumanUszAUTIAUL oAU UlImUAUIN

Q 5 fauNIIEIUAIA AHINIIETUANG
AL
(Tons.) | (Tons.) B P, B P,

B-122 19.840 16.940 -1.112 0.8665 0.030 0.4880
B-123 12.770 8.980 -2.428 0.9925 0.653 0.2580
B-127 35.840 26.460 -2.106 0.9826 0.188 0.4250
B-128A 14.790 13.390 -0.702 0.7580 0.600 0.2740
B-134B 52.480 47.140 -0.757 0.7764 0.085 0.4680
B-134 64.270 47.300 -2.127 0.9834 0.078 0.4680
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5197 6 A Reliability Index (/3 A limit state vdannsUFUUSs

LasuAdaRIe CFRP tiedumuluisuiuin

. - ABUNISIASNARS VRINTATUIGT
AU
(Tons.) | (Tons.) ,B P, ,B P,

B-122 19.840 16.940 -1.112 0.8665 0.050 0.4800
B-123 12.770 8.980 -2.428 0.9925 0.231 0.4090
B-127 35.840 26.460 -2.106 0.9826 0.130 0.4480
B-128A 14.790 13.390 -0.702 0.7580 0.678 0.2480
B-1348B 52.480 47.140 -0.757 0.7764 0.067 0.4720
B-134 64.270 47.300 -2.127 0.9834 0.144 0.4440

anidefiovedasiadsuiumasadou noumsuiuly
WBuids wuay B-127 Semmnidefiotesiign Ao -1.838
Tneslen Probability of Failure 3nnilgadie 0.967 Wevhnseenuuy
UFuUgauasuings udd A1 Probability of Failure (P) fiAntesanfie
0.127  Fadumsuiuuzuasumdshonsieduusiumanlday

wanslumIsen 7

a519# 7 A Reliability Index () w0 limit state udsn1susulge

wEsuidsmeusumnanldmuiiedunuusadeu

AOUNSIEINAIA NEINTIETUAA

AU

(Tons.) | (Tons.)

B | B B Fr

B-122 24580 | 22540 | -0.612 0.729 0.413 0.341

B-123 22330 | 20.610 -0.566 0.712 0.861 0.195

B-127 33.400 | 25.660 -1.838 0.967 1.139 0.127

B-128A 22,040 | 20.250 | -0.598 0.726 0.162 0.436

B-134B 38.830 | 34.970 | -0.739 0.770 0.480 0.316

B-134 44.050 | 34.410 -1.725 0.957 1.641 0.051

A519# 8 A Reliability Index () yn limit #dsn1sUFuUgaasuigs

frausumanUseiudnesmuiiefunulsedou

. - faunsLEIuAIaT WAINSEZUAE
AU
(Tons.) | (Tons.) B P, 8 P,

B-122 24.580 22.540 -0.612 0.729 0.337 0.367
B-123 22.330 20.610 -0.566 0.712 1.148 0.125
B-127 33.400 25.660 -1.838 0.967 0.623 0.268
B-128A 22.040 20.250 -0.598 0.726 0.450 0.326
B-1348B 38.830 34.970 -0.739 0.770 0.463 0.323
B-134 44.050 34.410 -1.725 0.957 1.203 0.115

15197l 9 A Reliability Index () 9 limit state wdsn1suUFuUss

LESuANSIRI8 CFRP Wiaduniuwsadou

fauNISETNAAY NAINITATUAIGT
AU QM R(M)
B Pr B Pr
B-122 24.580 22.540 -0.612 0.729 0.137 0.444
B-123 22.330 20.610 -0.566 0.712 0.249 0.401
B-127 33.400 | 25660 | -1.838 | 0967 | -0.132 0.448
B-128A 22.040 20.250 -0.598 0.726 0.546 0.291
B-1348B 38.830 34.970 -0.739 0.770 0.025 0.488
B-134 44.050 | 34.410 | -1.725 | 0957 | 0.069 0.472
5. unaun1sINY

PMNNMIANYINTIATIEANUULTBNDVRlATIES19AUADUATA
EBLmAN NoulazndINITUSUUTIasuAIaY asiiiuinm Probability
of Failure (P) fifanawsedA1A1ndl 0.5 &A1 Probability of

Failure (P) fiFrdnann Aasstanudiidiedovedlaseadne () Nesd

v
' =~

ANINATL  LaraEnNeANiNlASIES1weteIAsimUasasieinn

a

& an o a o o A v < & am
EUUY I@EJ’)ﬁﬂ'ﬁUiUUE\iLﬁiilﬂ’]ﬁ\iLWBE]’WUVI']UI&JL@JUG]U’Jﬂuu 8N13

wueuiuminUsyiuiaalunsesuidniussansamafan
drumsuiuluasuidwnedsuiumanldmutuiiuszansnme

=

NgnliopaNLUUIBAUNILLSUEDY  N150aNLUUUSUUTUESUANAS

9 9
¢y CFRP dialddeinniign unduismsasuidsiiazaniigauay

Thwinun liduniseeelassadeiideddy

T

A1 Reliability index (£ v89n1500nLUULESNAAMS 3 35 dan
11AA71 ABUNNTEBALUULESNANAY LazdiA1dinna 0 Fearuneay

Mlaseasnsiimnuvasnsie
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6. AnAnsIuUsENA
YOUBUAM HYIUANENTINTY ansy WnsdTsase gliduSnuly
o cow $ A v o o= A a & ool
mMahnwideasal  desinAnwanwivimnssulest  wdn 4

fu o =

WInendessinmans audsidn Aldudielvideyalsznaunisin

Ao yldda Jan e wazaseunsimilunsandndu aduayunas

Tiraslaunlnenasn
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