a\ o w av S v o & Y ' <
m'imsummwuﬂeun'iﬂammmm)gﬂﬂ’ammuman

MgINa aNazeIn

%mﬁwuﬁﬁaﬂudmﬂﬁwmmsﬁnymmwé’nqmﬂ%tytyﬁmmsuﬂmmum'ﬁ’mvﬁﬂ
MMITIAINTINAE
unInenaunaluladgynd
Umsfinu 2544

ISBN 974-533-044-2



STRENGTHENING OF PRE-CAST PRESTRESSED CONCRETE

SLABS WITH STEEL PLATES

Mr. Wimon Somsa-ard

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Engineering in Civil Engineering
Suranaree University of Technology
Academic Year 2001

ISBN 974-533-044-2



a A o w g [ o < ] <

Awa dudzeln : matasumasiuneunsasaussdusgatouruman

(STRENGTHENING OF PRE-CAST PRESTRESSED CONCRETE SLABS WITH

STEEL PLATES) 0. N11/5n11 : #et. a3. An548 uerae1nag, 99 nii,

ISBN 974-533-044-2

A A o o A A oA 9)&3’ S W o < I dil

1199113 NWNOIFEHT001A 1 A TIN TN unoUNIAdauTId T a3l uszuniulu

1 9y dy [ 1 Ay A = 1 tﬂy =S 1 A 1 <3 [
MINeas N NuUAINa NV UBLRUNUADUNTAYaD luNAD ANdIgLazIIAEI NN
9 o 9 1 9 1 I [y = @ 1 1 [

a$nazanulszndadunulumsneade egrelsnaw Tuilegiiu Tomsasnanuidinld

a 9

A ) ' a g v & a v & v & o o
amﬂaﬂuuﬂmmﬂwm LU %']ﬂ@Wﬂ']ﬁWWmGIfEJHJUIﬂﬂQ!ﬂ‘UﬁUﬂ'] L‘]J‘LJGI'L! “ﬁiiﬂﬂ\uﬂﬂﬁuﬂﬁ]%

u

v [ 9
[ Y =

o o 1 a  J
ﬁuTﬁuﬂU'H'3nﬂ‘ﬁ6151951611!ﬂTﬁElfJﬂLUJ'UGI'HJIJW“Iﬁﬁ'luﬂ'lif)@ﬂL!UU@:Qﬂ'ﬂfﬂﬂ'ﬁW?ﬂ!“ﬁU ANUU N
o & { o A o w J o J aw
ﬁﬂ'ﬂiﬁ]WL‘]JUﬁﬂgélj@Qﬂ']fnﬁlﬁﬁuﬂ'laQﬂﬁﬂ@']ﬂWﬁ“UfJ\?ﬂ'lﬂ']iﬂ\?ﬂaTJ ﬂWﬂﬂWﬁﬁll‘!ﬂ%W\ﬂu'ﬁ]ﬂWU
1 Ao [l 1 I~ =Y o w [ Ao § A % a
N \1'11!'3Eﬂflﬁ')llclﬁfg%g!fiJUﬂ'lilﬂ'ﬁMﬂTaﬂﬂ’luLLamﬁWﬂﬂuﬂgﬂ ﬁ’JuﬁWHﬁﬂﬂﬁLﬁﬂﬂﬂUﬂWilﬁiN

Y
v A A » 3

9 9
o ) v o [} 1 1 a o o o I v
1 \W‘Iuﬂﬂuﬂiﬂ@ﬂl!iﬁﬁni%gﬂuuaﬁlliJW‘U'Nﬁﬂ']ﬁﬁﬂ‘]&ﬂ’ﬂﬂN%iﬁﬂ\i ANUU ﬂqﬂﬂi%ﬁ\?ﬂﬂﬁﬂ‘u@\i

9
Aav aA

A = = a & S o 0o < Y <3 o
NUNEHAD RN ¥IIINgAnTTNvEUAUNIndauTId 1T Taglsurman  iamg
a J 4 1 { [ 1
Ans ez MInaael errueuuIN luMIeo NUUDUHUNUAINGT?
a a J o ' 1 { o a o
Tumsfineugaimaziuuuiiased e 1§ lumsiunenganssunssuus e
X A v ] Y < o £ 9 v o J 1 Y
Wuneunsndanssd usagllaelaunuwnangniannyulasleanuduiusvuisus sy
ANUIASEAYDITAQUAZHANNITANABAAABIVEIANNIATEA  TUMSANYITININAADY @2
q v = Y ' - G L I < an =
ualsnlglumsAnuilszneudiy  99aNueINY NURHINAAUAIKAD 1Az TNITBALAY
< @ ' Y i < 1A & Ay r1a A o w A 4 a
wian Aednaaen ldgnuiitesnily 4 nqude (1) Wud lilimsaSuiida ) Wuiignasy
o w a va v Aa o = dil A D o W a va A Ay ~
MdaazIa laemsaaniITunsIae (3) NungaasumduasIia lagusuRouvIg (4) Wui
v Y
gniasuhaue A lnemsaanariunsenada  1nmsnadeu laglmiminussyouuy 4

' dij A v <] A A o o Y ' 3 Ao w ' 42}
99 mewuﬂaummmmﬁnmgﬂmﬁmmmmauwumaﬂmmamazmmuﬂiquumﬂ

4 v
A A

v Y
Wui liimsasuidalaelinuiuay 102.9% uag 108.6%, 94.5% uag 101.5%, 25.9% uay
o v A 1 d‘ = 1 d‘ z [ 1 a 4 dy d’
31.7% MUAIADEEINNANN (4) DINGUN (2) UBNMINTUTINUIINANTAATIZHYOINUN
A o o Y 1 I A Ay Y ] ' s 3 @ 9
suMaI LI ANAAIAMADUIINMITN TAnInMInageulosnd 15 nosidua ganeud

tﬂy [ 1 vy Y Ay Y a J [ 1
ﬂ?ﬂﬂ?i@ﬂﬂllﬂﬂwuﬂﬁﬂanl‘lﬂgﬂlﬁuﬂiﬂfJGlG]fWﬁ‘ﬂllﬂmﬂﬂTﬁ’JLﬂiwﬁuazﬂﬁ‘ﬂﬂﬁ’ﬂﬂﬂ\iﬂaTJ

a a A A v =K
AUNIBIAINTTU o5 DYUBFOUNANH . ...

~ =< A A s (=
mMsAnyl 2544 AONDFOWITINTAMY. .

N



WIMON SOMSA-ARD : STRENGTHENING OF PRE-CAST PRESTRESSED
CONCRETE SLABS WITH STEEL PLATES THESIS ADVISOR : SITTICHAI
SEANGATITH, Ph.D. 99 PP. ISBN 974-533-044-2

STRENGTHENING/FLEXURAL STRENGTH/PRESTRESSED CONCRETE SLAB

The pre-cast prestressed concrete slab has been used extensively as floor slab in the buildings such
as commercial building and office building for many years. It has many advantages over the cast-in-place
concrete slab on ease and speed of construction, and economy. However, when the intended function of the
building is changed such as from the commercial building to a warehouse, the design load of the building
must be increased according to the building design code. In this case, the structural members such as floor
slab, beam, and column of the building must be strengthening. According to the literature review, the
research works on strengthening of the beam and column have been performed quite extensively. Thus, the
objectives of this research work are to study the behaviors of the pre-cast prestressed concrete slab
strengthened by using steel plate both analytically and experimentally and to propose the design method.

Analytically, a simplified analytical model for predicting the flexural behaviors of the pre-cast
prestressed concrete slab strengthened by using steel plate had been developed based on the stress-strain
relationship of the materials and the strain compatibility method. Experimentally, The specimen variables
included span length, cross-sectional area of the steel plate, and steel plate attaching method. The pre-cast
prestressed concrete slab specimens had been categorized into four groups: (1) the concrete slab without
strengthening, (2) the strengthened concrete slab failed by flexure in tension surface, (3) the strengthened
concrete slab failed by transverse shear, (4) the strengthened concrete slab failed by flexure in compression
surface. It has been found from four-point loading test that the strength and the stiffness of the strengthened
concrete slabs were increased from the ones of the concrete slab without strengthening by 102.9% and
108.6%, 94.5% and 101.5%, and 25.9% and 31.7%, respectively from group 4 to group 2. In addition, the
experimental results were in good agreement with the analytical results in the range of less than 15%.

Finally, the design method was proposed based on the experimental and analytical results.
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~ 9 dy A o 0 < A A o o ¥ 1 s A
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f'c, ksc ds,cm dpl,em Es, ksc | As,cm”2 | Epl, ksc b,cm h,cm
250 8 10.125 2,040,000 1.885 (2,040,000 105 10
fsy, ksc 17500 13,386 No yield e,cm L,cm Ptkg Ec.ksc
fply, ksc 3600 18,567 yield 3 400 6000 238,752

N Mecr,kg-cm Ie,cm™4 P(e), kg |Mu, kg-cm| Vukg |Apl,em™2 Y ,cm
8.54 211,904 5,677 28,038 | 400,000 3,000 7.50 4.67
Ig,cm”™4 S2 fr "2 & Vuds/Mu 1 c,cm
10,955 2,191 31.62 10.43 0.00209 0.06 0.06 2.51
Vel min max Ve,kg a y 0.000004 | Icr,cm™4
4,595 7,039 17,664 7,039 0.757 0.406 | 0.000007 4,755
€y € LO,cm Gaksc | b(pl),cm | ta,cm tpl,cm fb.ksc
0.00858 0.00185 25 2970 30 0.15 0.25 1970
Bl b2 A Ves kg Vctkg Vb D,cm Lem™4
546.0 21.8 0.0388 4,853 5,705 0.00 0.00 5,677
A cm A max try Apl again f ,cm Ig,cem™4 | Ier,em™4 | le,cm™4 A cm
5.03 1.67 42.00 3.68 17,221 21,849 17,221 1.66
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f'c, ksc ds,cm dpl,em Es, ksc | As,cm”2 | Epl, ksc b,cm h,cm
250 8 10.25 2,040,000 1.885 (2,040,000 105 10
fsy, ksc 17,500 4,749 No yield e,cm L,cm Ptkg Ec.ksc
fply, ksc 3,600 7,806 yield 3 400 11,000 238,752
N Mcr.kg-cm le,cm™4 P(e), kg |Mu, kg-cm| Vu, kg |Apl,em”2 )_/ ,cm
8.54 280,794 10,142 28,038 | 733,333 5,500 22.50 4.16
Ig,cm™4 S2 fr "2 & Vuds/Mu 1 c,cm
16,861 3,372 31.62 16.06 0.00209 0.06 0.06 4.50
Vel Min max Ve,kg a y 0.000004 | Icr,cm™4
4,595 7,039 17,664 7,039 0.757 0.406 | 0.000007 9,742
€y € L0,cm Gaksc | b(pl),cm | tacm tpl,cm fb,ksc
0.00858 0.00185 25 2970 45 0.20 0.50 1970
Bl b2 A Ves kg Vctkg Vb D,cm Lem™4
579.7 23.2 0.0146 10,477 11,833 10,663 1.82 10,142
A cm A max try Apl again y ,cm Ig,cem™4 | Ier,em™4 | le,cm™4 A cm
5.16 1.67 130.00 2.30 31,165 40,064 31,165 1.67
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	3.11.2.5) µÃÇ¨ÊÍºÃÐÂÐ¡ÒÃáÍè¹µÑÇ¢Í§¾×é¹¤Í¹¡ÃÕµÍÑ´áÃ§ÊÓàÃç¨ÃÙ»·ÕèàÊÃÔÁ¡ÓÅÑ§´éÇÂá¼è¹àËÅç¡¹Ñé¹ÊÒÁÒÃ¶¤Ó¹Ç³ËÒÃÐÂÐ¡ÒÃáÍè¹µÑÇ·Õè¨Ø´¡Öè§¡ÅÒ§¤ÇÒÁÂÒÇ»ÃÐÊÔ·¸Ô¼Å¢Í§¾×é¹¤Í¹¡ÃÕµÍÑ´áÃ§ÊÓàÃç¨ÃÙ»·ÕèàÊÃÔÁ¡ÓÅÑ§´éÇÂá¼è¹àËÅç¡·Õèà¡Ô´¨Ò¡¹éÓË¹Ñ¡ºÃÃ·Ø¡ÃÇÁä´é´Ñ§¹Õé


	àµÃÕÂÁªÔé¹ÊèÇ¹¾×é¹¤Í¹¡ÃÕµÍÑ´áÃ§ÊÓàÃç¨ÃÙ»µÑÇÍÂèÒ§»ÃÐ¡Íºà»ç¹ÃÐºº¾×é¹ â´Âãªé á¼è¹¾×é¹¤Í¹¡ÃÕµÍÑ´áÃ§ÊÓàÃç¨ÃÙ»¨Ó¹Ç¹ 3 á¼è¹àÃÕÂ§¡Ñ¹
	ÊÓËÃÑºµÑÇÍÂèÒ§¾×é¹¤Í¹¡ÃÕµÍÑ´áÃ§ÊÓàÃç¨ÃÙ»·ÕèàÊÃÔÁ¡ÓÅÑ§´éÇÂá¼è¹àËÅç¡¹Ñé¹ ¨ÐµéÍ§·Ó¤ÇÒÁÊÐÍÒ´¼ÔÇ â´Â·Ó¡ÒÃ¢Ñ´¼ÔÇàËÅç¡ áÅÐ¾×é¹¤Í¹¡ÃÕµÍÑ´áÃ§ÊÓàÃç¨ÃÙ»´éÇÂ¡ÃÐ´ÒÉ·ÃÒÂãËéàÃÕÂºÃéÍÂ¡èÍ¹·Ó¡ÒÃÂÖ´´éÇÂÍÕ»Í¡«Õ
	ÇÔ¸Õ»ÃÐ¡ÍºµÔ´µÑé§µÑÇÍÂèÒ§¾×é¹¤Í¹¡ÃÕµÍÑ´áÃ§ÊÓàÃç¨ÃÙ» ¨Ð·Ó¡ÒÃ»ÃÑºÃÐ´ÑºËÅÑ§¤Ò¹ãËéàÃÕÂºÃéÍÂ¡èÍ¹¨ÐÇÒ§ªÔé¹ÊèÇ¹¤Í¹¡ÃÕµµÑÇÍÂèÒ§¾×é¹¤Í¹¡ÃÕµÍÑ´áÃ§ÊÓàÃç¨ÃÙ»
	µÕäÁéáººÃÍº·Ø¡´éÒ¹¢Í§á¼è¹¾×é¹¤Í¹¡ÃÕµÍÑ´áÃ§ÊÓàÃç¨ÃÙ» ¡èÍ¹·Õè¨Ð·Ó¡ÒÃà·¤Í¹¡ÃÕµ·ÑºË¹éÒ ´Ñ§áÊ´§äÇéã¹ÃÙ»·Õè 3.8 â´Â¨Ñ´ãËéäÁéáººÁÕ¤ÇÒÁÊÙ§à·èÒ¡Ñº¤ÇÒÁÊÙ§¢Í§¤Í¹¡ÃÕµ·ÑºË¹éÒ

	µÒÃÒ§·Õè 3.3 µÑÇÍÂèÒ§·Õèãªéã¹¡ÒÃ·´ÊÍº
	3.14.1) 	ÍØ»¡Ã³ì¡ÒÃ¡´ â´ÂãËé¹éÓË¹Ñ¡ºÃÃ·Ø¡¡ÃÐ·Óáºº 4  ¨Ø´ â´Âãªéà¤Ã×èÍ§¡´áººäÎ ´ÃÍÅÔ¡ (hydraulic) ÁÕ¤èÒ¡ÓÅÑ§·´ÊÍºÊÙ§ÊØ´à·èÒ¡Ñº 25 µÑ¹ «Öè§µÔ´µÑé§ÍÂÙè¡Ñºà¤Ã×èÍ§Á×Í¡´ compression frame machine ´Ñ§áÊ´§äÇéã¹ÃÙ»·Õè 3.11
	´Ô¨ÔµÍÅÇÑ´¤ÇÒÁ´Ñ´ÅÐàÍÕÂ´ (digital pressure gauge) ÂÕèËéÍ ENERPAC ÃØè¹ Model DGP/10000 psi «Öè§µÔ´µÑé§ÃèÇÁ¡Ñºà¤Ã×èÍ§ÊÙºäÎ´ÃÍÅÔ¡ (hydraulic pump) ÂÕèËéÍ ENERPAC ÃØè¹ Model No. PUJ1400E «Öè§ÊÒÁÒÃ¶à¾ÔèÁáÃ§¡´ä´éÍÂèÒ§ÊÁèÓàÊÁÍ ´Ñ§áÊ´§äÇéã¹ÃÙ»·Õè 3.12
	ÁÒµÃÇÑ´ÅÐàÍÕÂ´ (dial gauge) «Öè§à»ç¹ÁÒµÃÇÑ´ÃÐÂÐ¡ÒÃáÍè¹µÑÇ·ÕèÍèÒ¹ä´éÅÐàÍÕÂ´¶Ö§  0.01  ÁÁ.
	˚Ò¹ÃÍ§ÃÑº  ÁÕ¤ÇÒÁÁÑè¹¤§á¢ç§áÃ§  áÅÐÍÂÙèËèÒ§¡Ñ¹à·èÒ¡Ñº¤ÇÒÁÂÒÇ»ÃÐÊÔ·¸Ô¼Å¢Í§¾×é¹¤Í¹¡ÃÕµÍÑ´áÃ§ÊÓàÃç¨ÃÙ»·Õè¨Ð·Ó¡ÒÃ·´ÊÍº
	ÇÔ¸Õ·´ÊÍº
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